
O r i g i n s  of  t h e  A P T  L a n g u a g e  
f o r  

A u t o m a t i c a l l y  P r o g r a m m e d  T o o l s  

D o u g l a s  T .  R o s s  
S o f T e c h ,  I n c .  
W a l t h a m ,  MA 

i. INTRODUCTION 

( F r o m  T H E  N E W  Y O R K E R )  

C a m b r i d g e ,  M a s s . ,  F e b .  Z 5 - -  

The A i r  F o r c e  a n n o u n c e d  t o d a y  t h a t  i t  h a s  a 
m a c h i n e  t h a t  c a n  r e c e i v e  i n s t r u c t i o n s  in  
E n g l i s h ,  f i g u r e  o u t  h o w  to m a k e  w h a t e v e r  
i s  w a n t e d ,  a n d  t e a c h  o t h e r  m a c h i n e s  h o w  
to  m a k e  i t .  

A n  A i r  F o r c e  g e n e r a l  s a i d  i t  w i l l  e n a b l e  
t h e  U n i t e d  S t a t e s  to  " b u i l d  a w a r  m a c h i n e  
t h a t  n o b o d y  w o u l d  w a n t  to  t a c k l e .  " 

T o d a y  i t  m a d e  a n  a s h t r a y .  

- -  S a n  F r a n c i s c o  C h r o n i c l e  

. . .  In  a s u l k ,  p r o b a b l y .  

T h i s  q u o t e  f r o m  t h e  N e w  Y o r k e r  M a g a z i n e  
of  M a r c h  28 ,  1959 r e s u l t e d  f r o m  a n e w s p a p e r  
a r t i c l e ,  f r o m  a w i r e  s e r v i c e  s t o r y ,  c o v e r i n g  a 
p r e s s  c o n f e r e n c e  h e l d  a t  t h e  M a s s a c h u s e t t s  
I n s t i t u t e  of  T e c h n o l o g y ,  F e b r u a r y  Z5,  1959 .  
( S o u v e n i r  a l u m i n u m  a s h t r a y s ,  m i l l e d  in  t h r e e  
d i m e n s i o n s  b y  t h e  f i r s t  A P T  S y s t e m ,  w e r e  i n d e e d  
i n c l u d e d  in  t h e  p r e s s  k i t : )  T h e  p r e s s  c o n f e r e n c e ,  
j o i n t l y  s p o n s o r e d  b y  t he  A i r c r a f t  I n d u s t r i e s  
A s s o c i a t i o n  (AIA,  n o w  t he  A e r o s p a c e  I n d u s t r i e s  
A s s o c i a t i o n ) ,  t h e  M a s s a c h u s e t t s  I n s t i t u t e  of  
T e c h n o l o g y  ( M I T ) ,  a n d  t h e  A i r  M a t e r i e l  C o m m a n d  
( A M C )  of  t h e  U n i t e d , S t a t e s  A i r  F o r c e  w a s  a t t e n d e d  
b y  o v e r  60 m e m b e r s  o f  t h e  t e c h n i c a l  a n d  p o p u l a r  
p r e s s  a n d  r e s u l t e d  in  e x t e n s i v e  c o v e r a g e  t h r o u g h -  
o u t  t h e  w o r l d  f o r  t h e  n e x t  f e w  m o n t h s .  T h e  w i d e -  
s p r e a d  a t t e n t i o n  w h i c h  t h i s  e v e n t  r e c e i v e d  w a s  
n o t  m i s p l a c e d ,  f o r  i t  r e p r e s e n t e d  t he  t r u e  i n a u g u -  
r a t i o n  of  t h e  e r a  of  c o m p u t e r - a i d e d  m a n u f a c t u r i n g  
w h i c h  s t i l l  i s  i n  t h e  p r o c e s s  of  v i g o r o u s  e v o l u t i o n  
t o d a y ,  s o m e  two  d e c a d e s  l a t e r .  

T h e  F e b r u a r y  1959 p r e s s  c o n f e r e n c e  
[ M I T  1959a ]  f o r m a l l y  m a r k e d  t h e  c o m p l e t i o n  of  
t h e  o p e n i n g  p h a s e  of  A P T  S y s t e m  d e v e l o p m e n t  
a n d  r o u g h l y  t h e  m i d p o i n t  of  m y  o w n  a c t i v e  i n v o l v e -  
m e n t  in  t h e  c r e a t i o n  a n d  d e t e r m i n a t i o n  of  t h e  
b a s i c  s t r u c t u r e  of  A P T .  A P T  s t a n d s  f o r  
" A u t o m a t i c a l l y  P r o g r a m m e d  T o o l s " ,  a n d  t h e  A P T  
l a n g u a g e ,  in  m o r e  e l a b o r a t e  f o r m ,  i s  n o w  a n  
i n t e r n a t i o n a l  s t a n d a r d  f o r  t h e  p r o g r a m m i n g  of  
n u m e r i c a l l y  c o n t r o l l e d  m a c h i n e  t o o l s .  

A l t h o u g h  I h a v e  b e e n  a l m o s t  o v e r w h e l m e d  
b y  t h e  a m o u n t  of  w o r k  i n v o l v e d ,  I a m  b o t h  h o n o r e d  
a n d  p l e a s e d  w i t h  t h i s  o p p o r t u n i t y  to  p r e s e n t  a 
p e r s o n a l  s u m m a r y  of  t h o s e  h e c t i c  a n d  h i s t o r i c  
t i m e s .  W h e n  f i r s t  i n v i t e d  to  p r e p a r e  t h i s  p a p e r ,  
I e n v i s i o n e d  a s i m p l e  s e t  of  r e m i n i s c e n c e s  w h i c h  
w o u l d  b e  f u n  a n d  e a s y  to  do .  B u t  w h e n  c o n f r o n t e d  
w i t h  t h e  a l m o s t  70 s h e l f  f e e t  of  a r c h i v a l  w o r k i n g  
p a p e r s ,  r e p o r t s ,  a n d  r e c o r d s  w h i c h  I h a v e  r e -  
t a i n e d  o v e r  t h e  y e a r s ,  ( two  l a r g e  f i l e  c a b i n e t s  
w o r t h  of  w h i c h  c o n c e r n  A P T ) ,  I r e a l i z e d  I w a s  
f a c e d  w i t h  a m a j o r  u n d e r t a k i n g .  I h a v e  t r i e d  to  
m i n i m i z e  m y  p e r s o n a l  o p i n i o n  a s  m u c h  a s  p o s s i b l e  
b y  r e f e r r i n g  b a c k  to t h e  o r i g i n a l  s o u r c e  d o c u m e n t s  
w h i c h  e x i s t  i n  s u c h  p r o f u s i o n .  I h o p e  I h a v e  d o n e  
t h i s  i n  a w a y  t h a t  i s  b o t h  e n t e r t a i n i n g  a n d  
i n s t r u c t i v e .  

I h o p e  t h a t  I w i l l  n o t  b e  a c c u s e d  of  i m m o d -  
e s t y  f o r  w r i t i n g  t h i s  p a p e r  in  t h e  f i r s t  p e r s o n ,  b u t  
q u i t e  f r a n k l y  I a m  n o t  a n  i m p a r t i a l  h i s t o r i c a l  
s c h o l a r  a n d  k n o w  of  n o  o t h e r  w a y  t h a n  to p r o v i d e  
t h i s  p e r s o n a l i z e d  a c c o u n t .  I h o p e  to s h a r e  w i t h  
you  s o m e  o f  t h e  e x c i t e m e n t  of  d i s c o v e r y  t h a t  
c o m e s  f r o m  t h e  d e t e c t i v e  w o r k  n e e d e d  to p l a c e  
s p e c i f i c  u n d a t e d  b i t s  a n d  p i e c e s  i n t o  w h a t  m u s t  
h a v e  b e e n  t h e  a c t u a l  s e q u e n c e  - -  l o n g  s i n c e  
f o r g o t t o n  - -  a s  s u p p o r t e d  b y  e v i d e n c e  i n  t h e  
s o u r c e  m a t e r i a l  i t s e l f .  I h a v e  b e e n  s u r p r i s e d  
m a n y  t i m e s  b y  t h e  e v i d e n c e  t h a t  d i s c o v e r i e s  a n d  
o b s e r v a t i o n s  w e r e  m a d e  y e a r s  e a r l i e r  t h a n  I 
w o u l d  h a v e  g u e s s e d  o r  r e m e m b e r e d ,  a n d  I t h i n k  
t h e s e  p r o v i d e  a u s e f u l  a n d  e n l i g h t e n i n g  c o m m e n -  
t a r y  on  t h e  h i s t o r i c  r o o t s  o f  m a n y  c o n c e p t s  of  
c o m p u t e r  s c i e n c e  a n d  l a n g u a g e  d e s i g n  w h i c h  
t o d a y  a r e  r e c o g n i z e d  a s  of  c e n t r a l  i m p o r t a n c e .  
I w i l l  t r y  to  p o i n t  t h e s e  o u t  w h e n  t h e y  o c c u r  in  
t h e  s t o r y .  

1. 1 A n  A P T  T h e m e  f o r  T h i s  P a p e r  

T h e r e  a r e  m a n y  s t o r i e s  t h a t  c o u l d  b e  
w r i t t e n  a b o u t  A P T .  B y  i t s  v e r y  n a t u r e  a n d  t i m i n g ,  
A P T  s i m p l y  h a d  to  b e  a n  e x c i t i n g ,  d y n a m i c ,  
d r i v i n g ,  m u l t i - t h r e a d e d ,  a n d  m u l t i - f a c e t e d  b r e w  
of  h i s t o r i c  f i r s t s  - -  a n d  i t  w a s .  T h i s  m e a n s  t h a t  
a n y  s t o r y  of  A P T  m u s t  b e  c o m p l e x ,  f o r  t h e  
h i s t o r i c  t r u t h  of  w h a t  h a p p e n e d  f r o m  1956 to  1960 
w a s  i n d e e d  c o m p l e x .  C o n c e p t u a l ,  t e c h n i c a l ,  
t e c h n o l o g i c a l ,  o r g a n i z a t i o n a l ,  a n d  p o l i t i c a l  p r o b -  
l e m s ,  e a c h  of  w h i c h  c o u l d  f o r m  t h e  b a s i s  f o r  a 
h i s t o r i c a l  p a p e r ,  a l l  w e r e  i n t e r t w i n e d  a n d  a l l  

~1978 Association for Computing Machinery, Inc. 6 ~  ACM SIGPLAN Notices, Vol. 13, No. 8, August 1978 

http://crossmark.crossref.org/dialog/?doi=10.1145%2F960118.808374&domain=pdf&date_stamp=1978-08-01


w e r e  i n f l u e n t i a l  on  e a c h  o t h e r .  T h e r e f o r e ,  in  
o r d e r  to  t r e a t  t h e  s u b j e c t  of  A P T  l a n g u a g e  
d e v e l o p m e n t  a s  a s e p a r a b l e  c o m p o n e n t  in  a w a y  
t h a t  w i l l  p r o v i d e  s o m e  u s e f u l  p e r s p e c t i v e  f r o m  
t h e  p r e s e n t  d a y ,  l o o k i n g  b a c k  in  t i m e ,  I h a v e  
t r i e d  to  s e l e c t  a t h e m e  w h i c h  w i l l  a l l o w  u s  to  s e e  
s o m e  p a t t e r n  r e l e v a n t  to  t h i s  o n e  a s p e c t ,  w i t h o u t  
d o i n g  v i o l e n c e  to t h e  v a l i d i t y  of  t h e  h i s t o r i c a l  
r e c o r d .  I w i l l  t r y  to  s t a t e  t h a t  t h e m e  b r i e f l y  
h e r e  a n d  to r e f e r  b a c k  to  i t  w i t h  f a i r  r e g u l a r i t y  
a s  m y  s t o r y  u n f o l d s ,  b u t  I a m  s u r e  t h a t  m y  e f f o r t  
w i l l  o n l y  b e  p a r t i a l l y  s u c c e s s f u l .  So m a n y  n o n -  
l a n g u a g e  t o p i c s  m u s t  b e  t r e a t e d  in  o r d e r  to  c h a r -  
a c t e r i z e  t h e  s u b j e c t s  a n d  i s s u e s  t h a t  a r e  of  
t h e m a t i c  i m p o r t a n c e  t h a t  I a m  s u r e  t h a t  t h e  
t h e m e  i t s e l f  w i l l  o c c a s i o n a l l y  b e  s w a m p e d ,  
s h o r t l y  to  r e s u r f a c e  l i k e  a n  i n t r e p i d  w h i t e - w a t e r  
c a n o e i s t .  

M y  t h e m e  i t s e l f  i s  a d i s c o v e r y ,  n o t  a n  
i n v e n t i o n ,  a n d  i s  a d i r e c t  r e s u l t  of  m y  m a n y  
w e e k s  of  s t r u g g l e  t h r o u g h  t h e  m a s s  o f  m a t e r i a l  
a v a i l a b l e  to  m e .  A l t h o u g h  Z0 y e a r s  h a d  c o m -  
p l e t e l y  b l a n k e d  i t  f r o m  m y  m e m o r y ,  I f o u n d  t h a t  
a t  t h e  v e r y  b e g i n n i n g  o f  t h e  A P T  e f f o r t  I h a d  a n  
e x t r e m e l y  c l e a r  a n d  " m o d e r n "  v i e w  of  b o t h  t h e  
n a t u r e  a n d  s u b s t a n c e  t h a t  t h e  l a n g u a g e  s h o u l d  
h a v e  w e l l  b e f o r e  a n y  r e a l  s u b s t a n t i v e  p r o g r e s s  
h a d  b e e n  m a d e .  T h i s  s u r p r i s e d  m e .  I w a s  n o t ,  
h o w e v e r ,  s u r p r i s e d  a t  t h e  m a n y  h i g h  a n d  l o w  
p o i n t s ,  t h a t  s h o w e d  c l e a r l y  in  m y  r e c o n s t r u c t i o n  
of  t h e  a c t i v i t i e s  of  b u i l d i n g  t h e  i n i t i a l  A P T  s y s t e m  
i t s e l f .  T h o s e  p a r t s  I d i d  r e c a l l ,  i n  f l a v o r  a t  l e a s t  
( a l t h o u g h  a g a i n  m a n y  of  t h e  a c t u a l  t i m i n g s  s u r -  
p r i s e d  m e  a n d  i n t r i g u e d  m e  in  m y  r e c o n s t r u c t i o n  
e f f o r t s ) .  B u t  w h e n  I f i n a l l y  go t  to  e x a m i n i n g  t h e  
f i r s t  c o m p l e t e  A P T  l a n g u a g e  p r e s e n t e d  in  t h e  
P h a s e  I A P T  P a r t  P r o g r a m m e r ' s  M a n u a l ,  of  
e a r l y  1959 [ R o s s  1 9 5 9 a j ,  I w a s  s t r u c k  b y  t h e  
o b s e r v a t i o n  t h a t  a l t h o u g h  t h e  f u n n y  p u n c t u a t i o n  
m a d e  t h e  l a n g u a g e  s o m e w h a t  s t i l t e d ,  n o n e t h e l e s s  
an amazing number of the original high-flown 
objectives for the language had in fact been 
achieved. Out of the white-water hurly-burly of 
those two years of hectic project activity had 
emerged a reasonably user.oriented, English- 
like language. Again, the canoeist is a valid 
analogy. 

M y  a t t e m p t  to  u n d e r s t a n d  t h i s  p h e n o m e n o n  
- -  h o w  w i t h  n o  v a l i d  p r e c e d e n t s  to  go o n  a n d  w i t h  
t h e  m o s t  c h a o t i c  p o s s i b l e  w o r k i n g  e n v i r o n m e n t  
( w i t h  e s s e n t i a l l y  n o  t i m e  f o r  r e s e a r c h ,  b u t  o n l y  
b r e a k n e c k  d e v e l o p m e n t }  t h i s  d e s i r e d  e n d  r e s u l t  
c a m e  a b o u t  - -  s u p p l i e d  m y  t h e m e .  W h e n  I a s k e d  
m y s e l f  w h y  d i d  t h e  A P T  l a n g u a g e  t u r n  o u t  to  b e  
" E n g l i s ~ k e "  a n d  w e l l - s u i t e d  to  t h e  n e e d s  of  i t s  
p a r t - p r o g r a m m e r  u s e r s  i n  s p i t e  of  t h e  f a c t  t h a t  
t h e r e  w a s  n o  t h e o r e t i c a l  b a s i s  f o r  l a n g u a g e  d e s i g n  
o r  i m p l e m e n t a t i o n  o r  m a n a g e m e n t  of  l a r g e ,  d i s -  
p e r s e d ,  t e a m  p r o g r a m m i n g  e f f o r t s ,  I c o u l d  s e e  
o n l y  o n e  p a t t e r n  w h i c h  e m e r g e d  f r o m  t h e  h i s t o r i c  
r e c o r d  w h i c h  I h a d  r e c o n s t r u c t e d .  T h a t  p a t t e r n ,  
o r  t h e m e ,  s e e m s  to  h a v e  f o u r  p r i m a r y  p r e m i s e s .  
T h e s e  p r e m i s e s ,  c o m b i n e d  w i t h  t h e  f a c t u a l  o b s e r -  
v a t i o n  t h a t  o u r  e f f o r t s  w e r e  i n d e e d  s u c c e s s f u l ,  
y i e l d  a c o n c l u s i o n  w h i c h  s e e m s  to  e x p l a i n  t h e  
r e a s o n  f o r  t h a t  s u c c e s s .  T h e  f o u r  p r e m i s e s  a r e :  

1. T h e  e n t i r e  f i e l d  of a u t o m a t i c  p r o g r a m -  
m i n g  f o r  n u m e r i c a l  c o n t r o l  w a s  b r a n d  
n e w .  T h e r e f o r e ,  w i t h  r e s p e c t  to  
l a n g u a g e  d e s i g n ,  t h e  s e m a n t i c s  of  t h e  
l a n g u a g e  h a d  to c o m e  f i r s t  a n d  t h e  
s y n t a x  of  t h e  l a n g u a g e  h a d  to d e r i v e  
f r o m  t h e  t h i n k i n g  o r  v i e w p o i n t  e n g e n -  
d e r e d  b y  t e c h n i c a l  a b i l i t y  to  h a v e  a 
" s y s t e m a t i z e d  s o l u t i o n "  to  t h e  g e n e r a l  
p r o b l e m  a r e a .  

Z. F o r  m a n y  p r e s s i n g  r e a s o n s ,  t h e  p r o j -  
e c t  a n d  t h e  w o r k  to b e  d o n e  h a d  to  b e  
b r o k e n  i n t o  m a n y  p i e c e s  to  b e  w o r k e d  
on  b y  m a n y  p e o p l e  a t  d i f f e r e n t  l o c a -  
t i o n s .  T h i s  i m p l i e d  t h a t  e v e n  t h o u g h  
t h e r e  w e r e  n o  g u i d e l i n e s  to  go b y ,  
s_ome f o r m  of  v i a b l e  m o d u l a r . i t y  h a d  
to  b e  i m p o s e d  on  e v e r y  a s p e c t  of  t h e  
s o l u t i o n .  T h e  s y s t e m  h a d  to  h a v e  a 
s t r u c t u r e  m i r r o r i n g  t h e  s t r u c t u r e  of  
t h e  s y s t e m a t i z e d  s o l u t i o n .  

3. L a c k i n g  t o d a y ' s  c o m p i l e r - b u i l d i n g  
t e c h n o l o g y ,  b o t h  t h e  s y n t a c t i c  ( t r a n s -  
l a t i o n )  a n d  s e m a n t i c  ( e x e c u t i o n )  
l ~ r o c e s s e s  h a d  to  b e  c o h e s i v e  m o d u l a r  
u n i t s  w i t h i n  t h e  s y s t e m  s t r u c t u r e .  

4. In o r d e r  to  s a t i s f y  t h e  r e q u i r e m e n t s  
f o r  t h e  s y s t e m  a n d  l a n g u a g e  a s  a 
w h o l e ,  b o t h  t h e  s y n t a c t i c  a n d  s e m a n -  
t i c  a s p e c t s  of  b o t h  t h e  l a n g u a g e  a n d  
t h e  s y s t e m  h a d  to  b e  o p e n - e n d e d ,  
so  t h a t  b o t h  t h e  s u b j e c t  m a t t e r  a n d  
t h e  l i n g u i s t i c  t r e a t m e n t  of  i t  c o u l d  
b e  e x t e n d e d  a s  t h e  u n d e r l y i n g  m a n u -  
f a c t u r i n g  t e c h n o l o g y  e v o l v e d .  In 
p a r t i c u l a r ,  t h e  s y s t e m  h a d  to  b e  
i n d e p e n d e n t  of  g e o m e t r i c  s u r f a c e  
t y p e s ,  a n d  h a d  to b e  a b l e  to  s u p p o r t  
a n y  c o m b i n a t i o n  of  m a c h i n e  t o o l  a n d  
c o n t r o l  s y s t e m .  

T h e s e  f o u r  p r e m i s e s ,  w h i c h  I w i l l  c i t e  
w h e n  t h e y  o c c u r  i n  t h e  r e c o r d  a n d  w h i c h  w e r e  
r e l i g i o u s l y  o b s e r v e d  f r o m  t h e  b e g i n n i n g ,  c o m -  
b i n e d  w i t h  t h e  f a c t  t h a t  w e  w e r e  i n d e e d  a b l e  to  g e t  
t h e  j o b  d o n e ,  s e e m e d  to  {and  t h i s  i s  t h e  t h e m e }  
s u p p l y  t h e  e q u i v a l e n t  of  a t h e o r e t i c a l  f r a m e w o r k  
m a t c h i n g  a l m o s t  f e a t u r e  f o r  f e a t u r e  t h e  c u r r e n t  
h i g h - t e c h n o l o g y ,  t h e o r e t i c a l l y - f o u n d e d  a p p r o a c h  
to  b u i l d i n g  a d v a n c e d  m a n -  m a c h i n e  c o m p u t e r  
a p p l i c a t i o n  s y s t e m s .  In  o t h e r  w o r d s ,  e v e n  t h o u g h  
w e  s t u m b l e d  f r e q u e n t l y  a l o n g  t h e  w a y ,  a n d  a t  
t i m e s  c r e a t e d  r a t h e r  a w k w a r d  a n d  j u v e n i l e  v e r -  
s i o n s  of  w h a t  w e  n o w  a c c e p t  a s  r e q u i r e d ,  n o n e -  
t h e l e s s  w e  d i d  m a n a g e  to  g e t  a l l  of  t h e  e s s e n t i a l  
p i e c e s  d o n e  i n  e s s e n t i a l l y  t h e  r i g h t  w a y ,  ' i n  e s s e n -  
t i a l l y  t h e  r i g h t  p l a c e s  s o  t h a t  e v e n  t o d a y  s o m e  
t w e n t y  y e a r s  l a t e r ,  t h e  s t r u c t u r e  of  b o t h  t h e  
l a n g u a g e  a n d  t h e  s y s t e m  a r e  e s s e n t i a l l y  t h e  s a m e  
a n d  h a v e  b e e n  f o u n d  to  h a v e  s t o o d  t h e  t e s t  of  t i m e  
w e l l .  In  e f f e c t  w e  w e r e  f o r c e d  b y  t h e  n a t u r e  of  
o u r  p r o b l e m  a n d  t h e  n e c e s s i t y  of  o u r  a p p r o a c h  to 
i t  to  a n t i c i p a t e  m u c h  of  t h e  w e l l - s t r u c t u r e d  
m e t h o d o l o g y  t h a t  f r o m  t o d a y ' s  v a n t a g e  p o i n t  s e e m s  
e s s e n t i a l  a n d  a l m o s t  i n e v i t a b l e .  A s  w e  w i l l  s e e ,  
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h o w e v e r ,  t he  f i r s t  t i m e  t h r o u g h ,  t h a t  i n e v i t a b i l i t y  
w a s  n o t  q u i t e  s o  o b v i o u s :  

1 . 2  A n  O v e r v i e w  

B e f o r e  c o m m e n c i n g  on  t h e  s t o r y  i t s e l f ,  I 
w i l l  p r e s e n t  a b r i e f  o v e r v i e w  of  t h e  r o u g h  c h r o n -  
o l o g y  of  t i m e s ,  p l a c e s ,  p e o p l e ,  a n d  e v e n t s  to  
p r o v i d e  a b i t  of  o r i e n t a t i o n .  M u c h  a s  d i f f e r e n t  
p e r i o d s  of  d e v e l o p m e n t  c a n  b e  o b s e r v e d ,  a f t e r  
t h e  f a c t ,  i n  t h e  e v o l u t i o n  of  s t y l e  i n  p a i n t e r s  a n d  
a r t i s t s ,  t h e  b e g i n n i n g s  of  A P T  a l s o  b r e a k  n a t u r a l l y  
i n t o  a n u m b e r  of  o v e r l a p p i n g  b u t  n o n e t h e l e s s  d i s -  
t i n c t i v e  p e r i o d s  d u r i n g  w h i c h  t h e  f o c u s  of  a t t e n -  
t i o n  h i g h l i g h t e d  f i r s t  o n e  a n d  t h e n  a n o t h e r  a n d  
t h e n  a n o t h e r  a s p e c t  of  t h e  o v e r a l l  s u b j e c t .  

T h e  f i r s t  m a j o r  p e r i o d  c o v e r s  r o u g h l y  
S e p t e m b e r  1956 to  J a n u a r y  1957 ,  d u r i n g  w h i c h  I 
a n d  m y  g r e e n  s t a f f  a t  M I T  c a m e  up w i t h  t h e  f i r s t  
o v e r a l l  f o r m u l a t i o n  of  t h e  A P T  S y s t e m  c o n c e p t  a n d  
d o c u m e n t e d  i t  i n  t h e  f i . r s t  I n t e r i m  R e p o r  t of  t h e  
p r o j e c t  [ R o s s  a n d  P o p l e  1 9 5 6 ] .  We  l a i d  o u t  a 
s y s t e m  s t r u c t u r e  d i s t i n g u i s h e d  b y  t h r e e  s t y l e s  of  
t h r e e - d i m e n s i o n a l  p r o g r a m m i n g  (by  p o i n t s ,  b y  
s p a c e  c u r v e s ,  a n d  b y  r e g i o n s )  a n d  a s y s t e m  
s t r u c t u r i n g  t e c h n i q u e  b a s e d  u p o n  t h e  s i m u l a t i o n  
of  a s p e c i a l i z e d  A P T  c o m p u t e r  on  a g e n e r a l  p u r -  
p o s e  c o m p u t e r .  M y  c o v e r a g e  of  t h i s  f i r s t  p e r i o d  
h e r e  i s  p r e c e d e d  b y  h i s t o r i c a l  b a c k g r o u n d  w i t h  
r e s p e c t  to  n u m e r i c a l  c o n t r o l  a n d  t h e  M I T  M i l l i n g  
M a c h i n e  P r o j e c t ,  a s  w e l l  a s  of  m y  C o m p u t e r  
A p p l i c a t i o n s  G r o u p .  S i n c e  s o m e  of  t h e  s y s t e m  
a n d  l a n g u a g e  d e s i g n  o b j e c t i v e s  w h i c h  f o r m e d  t h e  
s t a r t i n g  p o i n t  f o r  m y  t h e m e  c o m e  f r o m  b a c k g r o u n d  
w o r k i n g  p a p e r s  g e n e r a t e d  d u r i n g  t h e  p r e p a r a t i o n  
of  t h e  I n t e r i m  R e p o r t ,  a c o u p l e  of  s i d e  e x c u r s i o n s  
s e t  t he  t o n e  of  m y  t h i n k i n g  a s  t h e  p r o j e c t  a c t u a l l y  
g o t  u n d e r w a y .  

T o  m e  a v e r y  i n t e r e s t i n g  p a i r  of  d i s c o v e r -  
i e s  w h i c h  I n e v e r  w o u l d  h a v e  g u e s s e d  i f  I h a d  n o t  
f o u n d  t h e  e v i d e n c e  i n  m y  p a p e r s ,  i s  t h e  f a c t  t h a t  
m y  c o n c e p t s  of  p l _ e s _ p r o g r a m m i n g  v i a  " r e v e r s e d  
i n d e x  r e g i s t e r s "  ( a n d  t h e  m o d e r n  e q u i v a l e n t s  o f  
b e a d s ,  r e c o r d s ,  c o n t r o l l e d  s t o r a g e  c l a s s e s ,  a n d  
a b s t r a c t  d a t a  t y p e s )  a s  w e l l  a s  t h e  e s s e n t i a l  d i f -  
f e r e n c e  b e t w e e n  " i n p u t "  a n d  " c o n t r o l "  of  m y  1 9 7 0 ' s  
f o r m u l a t i o n  of  p l e x  i d e a s  in  t h e  f o r m  of  S t r u c t u r e d  
A n a l y s i s  b o t h  w e r e  r e c o g n i z e d  a s  i m p o r t a n t  a n d  
d o c u m e n t e d  b y  m e  w a y  b a c k  t h e n  in  t h e  f a l l  of  
1956 .  T h e s e  a r e  a m o n g  t h e  e v e n t s  t h a t  f o r m  t h e  
s o u r c e  f o r  t h a t  f i r s t  I n t e r i m  R e p o r t  f o r m u l a t i o n  
of  A P T .  

T h e  s e c o n d  p e r i o d  c o n c e r n s  o u r  i n i t i a l  
a c t i v i t i e s  in  c o n j u n c t i o n  w i t h  t he  A i r c r a f t  I n d u s -  
t r i e s  A s s o c i a t i o n ,  - -  a t r a d e  a s s o c i a t i o n  of  a l l  
of  t he  m a j o r  c o m p a n i e s  i n v o l v e d  in  a n y  w a y  w i t h  
a i r c r a f t  m a n u f a c t u r i n g .  We  f i r s t  m a d e  c o n t a c t  
w i t h  t h e m  e a r l y  in  1957  a n d  t h e  s e c o n d  p e r i o d  
s t e m s  f r o m  t h e i r  i n t e r e s t  in  h a v i n g  M I T  p u t  on  a 
S p e c i a l  C o u r s e  c o v e r i n g  a l l  a s p e c t s  o f  n u m e r i c a l  
c o n t r o l .  T h e i r  i n t e r e s t  s t e m m e d  f r o m  t h e  t a c t  
t h a t  a m a j o r  A i r  F o r c e  " b u y "  of  $30  m i l l i o n  ( y e s .  w 
1957 d o l l a r s .  ~) w o r t h  of  n u m e r i c a l l y  c o n t r o l l e d  
m a c h i n e  t o o l s  w a s  s c h e d u l e d  to s t a r t ,  w i t h  i n s t a l -  
l a t i o n s  in  m a n y  of  t h e i r  p l a n t s  b e g i n n i n g  in  t h e  
s u m m e r  of  1957 .  T h e  c o m p a n i e s  h a d  to  f i g u r e  
o u t  h o w  to p u t  t h e m  i n t o  p r o d u c t i v e  u s e .  A l t h o u g h  
t h e r e  w a s  a s  ye t  n o  A P T  l a n g u a g e ,  I p r e s e n t  h e r e  

m y  l e c t u r e  a b o u t  l a n g u a g e  d e s i g n  f o r  n u m e r i c a l  
c o n t r o l  f r o m  t h a t  c o u r s e ,  f o r  i t  a l s o  f o r m s  a 
c o r n e r s t o n e  in  m y  t h i n k i n g  a b o u t  A P T  l a n g u a g e  
b e f o r e  i t  a c t u a l l y  e x i s t e d .  

O u r  A P T  r e s e a r c h  p r o g r e s s  s h o w e d  t h e  
g r e a t e s t  p r o m i s e  f o r  m e e t i n g  t h e  n e e d s  of  t he  
a i r c r a f t  i n d u s t r y  in  t i m e  to  b e  o f  u s e ,  s o  t h a t  t h e  
t h i r d  p e r i o d  c o v e r s  t h e  ALA d e c i s i o n  to f o r m  t h e  
A P T  J o i n t  E f f o r t .  T h i s  b e g a n  w i t h  a k i c k - o f f  
m e e t i n g  a t  M I T  t h e  w e e k  of  M a y  20 ,  1957 ' w h i c h  
l a u n c h e d  t he  w o r l d ' s  f i r s t  m a j o r  c o o p e r a t i v e  p r o -  
g r a m m i n g  v e n t u r e ,  c o m b i n i n g  g o v e r n m e n t ,  u n i v -  
e r s i t y ,  a n d  i n d u s t r y ,  w i t h  t h e  A i r  F o r c e  s p o n s o r -  
i n g  M I T  l e a d e r s h i p  of  a 1 4 - c o m p a n y  t e a m  e f f o r t .  

S t i l l  t h e r e  w a s  n o  A P T  l a n g u a g e .  T h e  
f o u r t h  p e r i o d  w h i c h  I c o n s i d e r  t o o k  p l a c e  p r i m a r i l y  
on  two  d a y s  of  a w e e k e n d  ( M a y  25,  26 ,  1957) ,  
f o l l o w e d  b y  s p o t  e f f o r t s  o v e r  t he  n e x t  two  w e e k s  
a s  I g e n e r a t e d  t h e  f i r s t  m e m o r a n d u m  d e f i n i n g  
t h e  i n i t i a l  A P T  l a n g u a g e  [ R o s s  1 9 5 7 c ] ,  i n t e n d e d  
m e r e l y  a s  a s t a r t i n g  p o i n t  a n d  d e s i g n e d  p r i m a r i l y  
to  p e r m i t  t h e  s i m p l e s t  p o s s i b l e  t r a n s l a t i o n  
a p p r o a c h .  T h e  m e m o  i s  b r i e f  a n d  h i s t o r i c a l l y  
i n t e r e s t i n g  s o  I p r e s e n t  i t  h e r e  in  i t s  e n t i r e t y .  

T h e  f i f t h  p e r i o d  c o n c e r n s  m o s t  t h e  s t r u c -  
t u r i n g  of  t h e  A P T  S y s t e m  a n d  t h e  s t a g e s  of  e v o l u -  
t i o n  o f  h o w  to t r e a t  t h e  i n p u t  t r a n s l a t i o n ,  i n s t r u c -  
t i o n  p r e p r o c e s s i n g ,  a n d  d e f i n i t i o n  p r e p r o c e s s i n g  
p o r t i o n s  of  t h a t  s y s t e m  w h i c h  in  m o d e r n  t e r m s  
c o n s t i t u t e  t he  l e x i c a l  a n a l y s i s  a n d  p a r s i n g  of  A P T  
l a n g u a g e  e x p r e s s i o n s .  A l t h o u g h  I d o n ' t  go  i n t o  
d e t a i l  h e r e ,  I t r y  to  i n d i c a t e  a b i t  of  t h e  s t r u g g l e  
t h a t  l e d  to m o d u l a r  p r o g r a m  s t r u c t u r i n g  w h i c h  
f r o m  t h e r e  o n  s e r v e d  t h e  s a m e  r o l e  a s  t h e  m o d e r n  
h i g h - t e c h n o l o g y  a p p r o a c h  to  c o m p i l e r  c o n s t r u c t i o n .  
I a l s o  c o v e r  p r o g r e s s  in  t h e  c o m p u t a t i o n a l  a s p e c t s  
of  t h e  g e o m e t r i c  s e m a n t i c s  of  t h e  l a n g u a g e  w h i c h  
l e d  to  t h e  f i r s t  p a r i n g  d o w n  of  e x p e c t i o n s  to  a 
F i e l d  T r i a l  s y s t e m  a p p r o p r i a t e  f o r  t e s t i n g .  

T h e  s i x t h  p e r i o d  c o n c e r n s  t h e  c o n s t r u c t i o n  
of  t h e  F i e l d  T r i a l  A P T  l a n g u a g e ,  w i t h  s i d e  e x c u r -  
s i o n s  i n t o  t h e  p r e p a r a t i o n  of  t he  f i r s t  t w o  m a j o r  
p a p e r s  d e s c r i b i n g  A P T ,  o n e  p r e s e n t e d  a t  t h e  
T h i r d  A n n u a l  C o n t o u r  M a c h i n i n g  C o n f e r e n c e  [ R o s s  
1 9 5 7 d ] ,  a n d  t h e  o t h e r  a t  a n A C M  s e s s i o n  of  t h e  
A m e r i c a n  A s s o c i a t i o n  f o r  t h e  A d v a n c e m e n t  of  
S c i e n c e  ( A A A S ) [ R o s s  1 9 5 7 f ] .  E x t r a c t s  f r o m  
t h e s e  p a p e r s  o n c e  a g a i n  p r o v i d e  a c o n c i s e  e x p r e s -  
s i o n  of  t h e  k i n d  o f  t h i n k i n g  t h a t  l a y  b e h i n d  t he  
d a y - t o - d a y  w o r k .  

T h e  F i e l d  T r i a l  d i s t r i b u t i o n  m a r k e d  t h e  
e n d  of  M I T ' s  o f f i c i a l  c o o r d i n a t i o n  of  t h e  A P T  
J o i n t  E f f o r t ,  w h i c h  f r o m  t h e n  on  p a s s e d  i n t o  t h e  
h a n d s  of  a s u c c e s s i o n  of  l e a d e r s  f r o m  i n d u s t r y .  
T h e  t r a n s i t i o n  w a s  n o t  e a s y ,  h o w e v e r ,  a n d  d i f f i -  
c u l t i e s  c o n t i n u e d  to  p l a g u e  t h e  p r o j e c t  so  t h a t  
t h e  s e v e n t h  p e r i o d  c e n t e r s  a r o u n d  a " P o s t -  
C o o r d i n a t o r ' s  R e p o r t "  in  t he  f a l l  of  1958 [ R o s s  
1958f ]  w h i c h  d r a w s  t o g e t h e r  m a n y  of  t he  s y n t a c t i c  
a n d  s e m a n t i c  p r o b l e m  a r e a s  a n d  s u p p l i e s  s o l u t i o n s  
w h i c h  c o m p l e t e d  t he  s p e c i f i c a t i o n s  f o r  t h e  P h a s e  I 
A P T  s y s t e m  - -  t h e  f i r s t  r e a l l y  c o m p l e t e  A P T  
s y s t e m  a n d  l a n g u a g e ,  w h i c h  i s  t he  e n d i n g  p o i n t  f o r  
t h i s  h i s t o r i c  a n a l y s i s .  

T h e  e i g h t h  p e r i o d  c o v e r s  t h e  a c t u a l  P a r t .  
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l a n g u a g e ,  c i t i n g  how i t s  f e a t u r e s  e v o l v e d  f r o m  the  
i n i t i a l  a n d  F i e l d  T r i a l  f o r m u l a t i o n s ,  t h r o u g h  the  
e v o l u t i o n a r y  s t a g e s  c i t e d  in the  p a p e r s ,  i n to  the  
f i r s t  c o m p l e t e  f o r m u l a t i o n ,  t a l s o  p o i n t  ou t  h o w  
the  c o n c o m m i t e n t  e v o l u t i o n  of the  s y n t a c t i c  an d  
s e m a n t i c  p r o c e s s i n g ,  a s  c o v e r e d  in  the  P r o j e c t  
R e p o r t  and  C o o r d i n a t o r  R e p o r t  d e s c r i p t i o n s ,  m a d e  
p o s s i b l e  the  v a r i o u s  l a n g u a g e  f e a t u r e s ,  and  c i t e  
how t h e y  m a t c h  w i t h  m a n y  of the  o r i g i n a l  h i g h -  
b l o w n  o b j e c t i v e s  of the  f i r s t  I n t e r i m  R e p o r t  an d  
the  S p e c i a l  N u m e r i c a l  C o n t r o l  C o u r s e  of the  
s p r i n g  of 1957. 

The  n i n t h  p e r i o d  c o v e r s  the  p u b l i c  p r e s e n -  
t a t i o n  of t h e s e  a l m o s t - w o r k i n g  r e s u l t s  in  the  
F e b r u a r y  Z5a 1959 P r e s s  C o n f e r e n c e  a t  MIT,  and  
I a l s o  b r i e f l y  o u t l i n e  s o m e  of the  s y n t a c t i c  and  
s e m a n t i c  l a n g u a g e  f e a t u r e s  w h i c h  p u r p o s e l y  w e r e  
l e f t  ou t  of P h a s e  I b u t  w h i c h  l a t e r  c a m e  in to  s u b -  
s e q u e n t  p h a s e s  of A P T  e v o l u t i o n ,  in  s e v e r a l  c a s e s  
a n t i c i p a t i n g  p o w e r f u l  l a n g u a g e  f e a t u r e s  ( s u c h  a s  
m a c r o s  and  p h r a s e  s u b s t i t u t i o n )  found  in t o d a y ' s  
h i g h  l e v e l  l a n g u a g e  s.  

A P T  h a s  u n d e r g o n e  c o n t i n u o u s  e v o l u t i o n  
and  e x t e n s i o n  f r o m  the  b e g i n n i n g  up to the  p r e s e n t  
day  a nd  t h e r e f o r e  I m a k e  no  e f f o r t  to e x t r a p o l a t e  
o r  to p r o v i d e  a t u t o r i a l  s u m m a r y  of m o d e r n - d a y  
n u m e r i c a l  c o n t r o l  p r o g r a m m i n g ,  c o m p u t e r  
g r a p h i c s ,  and  c o m p u t e r - a i d e d  d e s i g n  - -  a l l  of 
w h i c h  a r e  p a r t  of the  s a m e  e v o l u t i o n a r y  d e v e l o p .  
m e n t .  B u t  I hope  t h a t  m y  e f f o r t s  to  p r e s e n t  an  
o r g a n i z e d  a n a l y s i s  of t h e s e  e a r l y  d e v e l o p m e n t s  
w i l l  be  found  to s u p p o r t  the  t h e m e  w h i c h  I d i s -  
c o v e r e d  t h r e a d e d  t h r o u g h  the  h i s t o r i c  r e c o r d  - -  
t h a t  b e c a u s e  we w e r e  f o r c e d  to be  m o d u l a r  an d  
o p e n - e n d e d ,  in  a v e r y  d i f f i c u l t  and  b r a n d  n e w  
a p p l i c a t i o n  a r e a ,  the  f a c t  t h a t  we s u c c e e d e d  
e n s u r e d  t h a t  the  r e s u l t i n g  s y s t e m  and  l a n g u a g e  
w e r e  " m o d e r n "  by t o d a y ' s  s t a n d a r d s ,  e v e n  t h o u g h  
done  s o m e  t w e n t y  y e a r s  ago .  

1 .3  G e n e r a l i t y  in  S p e c i a l t y  

T he  f a c t  t h a t  A P T  w a s  the  f i r s t  and  m o s t  
w i d e l y  u s e d  of the  s p e c i a l  p u r p o s e  a p p l i c a t i o n -  
o r i e n t e d  l a n g u a g e s  c o u n t s  f o r  s o m e t h i n g .  Bu t  
m o r e  i m p o r t a n t l y ,  i t  s e e m s  t h a t  A P T  is  p a r t i c u -  
l a r l y  a p t  a s  a s u b j e c t  f o r  s t u d y  in the  h i s t o r y  of 
p r o g r a m m i n g  l a n g u a g e s .  B e i n g  a l a n g u a g e  f o r  a 
s p e c i a l i z e d  a r e a  - -  a u t o m a t i c  p r o g r a m m i n g  of 
n u m e r i c a l l y  c o n t r o l l e d  m a c h i n e  t o o l s  - -  m i g h t  
a p p e a r  to m a k e  i t  i n a p p r o p r i a t e ,  b e c a u s e  i t  w o u l d  
a p p e a r  to  l a c k  g e n e r a l i t y .  B u t  i t  t u r n s  out  t h a t ,  
b e c a u s e  the  a p p l i c a t i o n  a r e a  w a s  b r a n d  n e w  an d  
n e v e r  b e f o r e  ha d  b e e n  a t t a c k e d  in a n y  w a y  a t  a l l ,  
t he  s t u d y  of t he  o r i g i n s  of the  A P T  l a n g u a g e  
n e c e s s a r i l y  i n v o l v e s  m u c h  g r e a t e r  a t t e n t i o n  to 
s e m a n t i c s  t h a n  i s  t he  c a s e  w i t h  r e s p e c t  to m o r e  
g e n e r a l - p u r p o s e  l a n g u a g e s  w h i c h  o b t a i n e d  m o s t  
of t h e i r  b a c k g r o u n d  r e a d y - m a d e  f r o m  the  f i e l d s  
of m a t h e m a t i c s  and  l o g i c .  T h e r e  i s  no  w a y  to 
s e p a r a t e  the  o r i g i n s  of the  A P T  l a n g u a g e  f r o m  the  
o r i g i n s  of n u m e r i c a l  c o n t r o l  i t s e l f ,  and  of the  
c o m m u n i t y  of u s e r s  of n u m e r i c a l  c o n t r o l .  M o r e s o  
t h a n  f o r  a n y  o t h e r  h i s t o r i c  l a n g u a g e ,  A P T  r e q u i r e s  
a c o m p l e t e  c o n s i d e r a t i o n  of e v e r y  a s p e c t  of r e l e -  
v a n c e  to l a n g u a g e  d e s i g n .  

T h i s  p e r h a p s  s u r p r i s i n g  g e n e r a l i t y  of 
i n t e r e s t  in  a s p e c i a l i z e d  l a n g u a g e  i s  f u r t h e r  b o l -  
s t e r e d  b y  t he  f a c t  t h a t ,  b e c a u s e  i t  i n v o l v e d  so 

m a n y  f i r s t s ,  i n c l u d i n g  the  f i r s t  i n t r o d u c t i o n  of 
the  use  of c o m p u t e r s  in  l a r g e  s e g m e n t s  of the  
m a n u f a c t u r i n g  i n d u s t r y ,  we w e r e  f o r c e d  a t  t he  
t i m e  to he  v e r y  e x p l i c i t  a b o u t  o u r  t h o u g h t s ,  o b j e c -  
t i v e s ,  an d  m o t i v a t i o n s  in  d e s i g n i n g  the  A P T  l a n -  
guage  and  A P T  s y s t e m ,  in  t e r m s  a d d r e s s e d  
d i r e c t l y  to  t h e  i n t e n d e d  u s e r s .  T h u s ,  a m o n g  m y  
m a n y  s o u r c e  d o c u m e n t s  a r e  s p e c i f i c  w r i t i n g s  c o n -  
c e r n e d  w i t h  t h e  v e r y  s u b j e c t  of the  m o t i v a t i o n s  
b e h i n d  the  d e s i g n  of the  A P T  l a n g u a g e .  It  i s  n o t  
n e c e s s a r y  to s p e c u l a t e  a t  a l l  a b o u t  w h a t  w a s  in  m y  
m i n d  t w e n t y  y e a r s  ago ,  f o r  we c a n  f ind  i t  e x p r e s s e d  
d i r e c t l y  on  p a p e r ,  w r i t t e n  a t  t h a t  t i m e .  To m e ,  
t h i s  h a s  b e e n  one  of the  m o s t  i n t e r e s t i n g  d i s c o v e r y  
a s p e c t s ,  f o r  i t  s h o w s  t h a t  we w e r e  v e r y  m u c h  
a w a r e  of w h a t  we w e r e  do ing  an d  t h a t  we e x p r e s s e d  
o u r s e l v e s  in  s u r p r i s i n g l y  " m o d e r n "  t e r m s :  I w i l l  
p r e s e n t  v e r b a t i m  e x t r a c t s  a t  a p p r o p r i a t e  p o i n t s  
in  m y  s t o r y  an d  l e t  t he  m o d e r n  r e a d e r  be  the  j u d g e .  

1 . 4  S o u r c e  M a t e r i a l  

A s  to m y  s o u r c e  m a t e r i a l  i t s e l f ,  i t  i s  h e l d  
t o g e t h e r  a n d  ( m e t a - )  c o m m e n t e d  on  in an  o n - g o i n g ,  
c o n t i n u i n g  f a s h i o n  b y  an  e x t e n s i v e  s e r i e s  of " d a i l y  
r e s u m e s "  [ R o s s  1 9 5 6 b - 1 9 6 3 ] ,  w h i c h  w e r e  a f o r m  
of p r o f e s s i o n a l  d i a r y  w h i c h  I k e p t  w i t h  s u r p r i s i n g l y  
c o m p l e t e  r e g u l a r i t y  f r o m  

O c t o b e r  30, 1956 t h r o u g h  M a y  20, 1959, 
D e c e m b e r  15, 1959 t h r o u g h  M a r c h l 0 ,  1960, 
D e c e m b e r  4,  1961 t h r o u g h  O c t o b e r  2, 1962, 
F e b r u a r y  1, 1963 t h r o u g h  N o v e m b e r  29, 1963, 

f i n i s h i n g  w i t h  a f ew b i t s  an d  p i e c e s  in  c o n n e c t i o n  
w i t h  the  I F I P  C o n g r e s s  in  1965. E v e r y  d a y o r  so ,  
and  o f t e n  p e r i o d i c a l l y  d u r i n g  the  day ,  I w o u l d  
m e r e l y  g r a b  m y  d i c t a t i n g  m a c h i n e  an d  s a y  who I 
h a d  m e t  w i t h  a b o u t  w h a t ,  o r  w h a t  I h a d  r e a d  t h a t  
h a d  i n t e r e s t e d  m e ,  w h a t  t r i p s  I h ad  t a k e n ,  e t c .  
and ,  in  g e n e r a l ,  w h a t  I w a s  t h i n k i n g  a b o u t .  I 
s t a r t e d  t h i s  p r a c t i c e  i n i t i a l l y  s h o r t l y  a f t e r  the  
b e g i n n i n g  of the  A P T  P r o j e c t  a t  MIT w h e n  i t  b e -  
c a m e  a p p a r e n t  to m e  t h a t  I c o u l d  n o t  k e e p  a l l  m y  
a c t i v i t i e s  s t r a i g h t  w i t h o u t  s o m e  h e l p .  I d e c i d e d  
t h a t  the  t i m e  of m y  s e c r e t a r y  in t r a n s c r i b i n g  t h e s e  
d a i l y  r e s u m e  n o t e s  w o u l d  be  w e l l  i n v e s t e d  in a l l o w -  
ing  me  to know w h a t  w a s  go ing  on.  T h i s  b l o w - b y -  
b l o w  d e s c r i p t i o n  - -  a l l  833 p a g e s  of i t  - -  i s ,  of 
c o u r s e ,  i n v a l u a b l e  r e f e r e n c e  m a t e r i a l  f o r  h i s t o r i c  
r e c o n s t r u c t i o n .  

In a d d i t i o n  to t h e  r e s u m e s ,  m y  f i l e s  c o n -  
t a i n  the  e x p e c t e d  c o r r e s p o n d e n c e  a n d  r e p o r t s ,  
e x t e n s i v e  t e c h n i c a l  m e m o r a n d a  s e r i e s ,  t r i p  
r e p o r t s ,  n o t e s ,  and  m e e t i n g  h a n d o u t s ,  a s  w e l l  a s  
m a n y  c l u m p s  of a c t u a l  o r i g i n a l  w o r k i n g  p a p e r s  
an d  w o r k i n g  d r a f t s  w h i c h  l ed  to p u b l i s h e d  m a t e r i a l ,  
s a m p l e  c o m p u t e r  r u n s ,  and  the  l i k e .  At  the  t i m e ,  
the  MIT S e r v o m e c h a n i s m s  L a b o r a t o r y  s u p p l i e d  us 
w i t h  p a d s  of u n l i n e d  y e l l o w  p a p e r  ( y e l l o w  s i n c e  i t  
w a s  n o n . r e p r o d u c i b l e  b y  the  O z a l i d  p r o c e s s  and  
m u c h  of  o u r  w o r k  w a s  c l a s s i f i e d ) .  In m y  g r o u p  
we a t t e m p t e d  to r e t a i n  w o r k i n g  p a p e r s  f o r  c o n -  
t i n u a l  b a c k - c h e c k i n g ,  and  we s a i d  " F i n d  i t  f a s t  in  
the  Y e l l o w  P a g e s " .  On ly  a few of t h e m  h a v e  s u r -  
v i v e d ,  b u t  t h o s e  t h a t  h a v e  a r e  i n t e r e s t i n g  i n d e e d .  

To p r o v i d e  c o n c i s e  r e f e r e n c e  to t h e s e  m a -  
t e r i a l s  in  m y  f i l e s  ( w h i c h  u l t i m a t e l y  w i l l  r e s i d e  
in the  MIT A r c h i v e s )  I h a v e  u s e d  the  f o l l o w i n g  
c o n d e n s e d  n o t a t i o n :  [ R 5 6 1 2 3 ]  m e a n s  " r e s u m e s  
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1956 December 3"; [C570123] means "corre- 
spondence 1957 January 23"; [N57223, p4] means 
"page 4 of working paper notes 1957 February23", 
e tc .  , and [ p3] m e a n s  "page  3 of the m o s t  r e c e n t l y  
c i t ed  r e f e r e n c e " ,  e t c .  

2. B A C K G R O U N D  

B e c a u s e  of the i m p o r t a n c e  of the p r a g m a t i c  
and s e m a n t i c  c o m p o n e n t s  of A P T  l a n g u a g e  d e s i g n ,  
i t  is a p p r o p r i a t e  to beg in  wi th  a b r i e f  o v e r v i e w  
h i s t o r y  of the e v e n t s  b e f o r e ,  du r ing ,  and a f t e r  
the t i m e  p e r i o d  ( f r o m  the f a l l  of 1956 t h rough  the 
s p r i n g  of  1959) a c t u a l l y  c o v e r e d  by the s t o r y  of 
th is  p a p e r .  I w i l l  i n t e r w e a v e  a b i t  of my own 
h i s t o r y  and that  of my  C o m p u t e r  A p p l i c a t i o n s  
Group  at  MIT wi th  tha t  of  n u m e r i c a l  c o n t r o l  i t s e l f  
in o r d e r  to l ay  the p r o p e r  founda t ion  f o r  the p e r -  
s o n a l i z e d  a c c o u n t  wh ich  f o l l o w s .  

I c a m e  to MIT in the f a l l  of 1951 as a 
T e a c h i n g  A s s i s t a n t  in the M a t h e m a t i c s  D e p a r t m e n t  
fo l l owing  my c o m p l e t i o n  of an H o n o r s  D e g r e e  in 
M a t h e m a t i c s  at O b e r l i n  C o l l e g e  in June .  I s t a r t e d  
in the S e r v o m e c h a n i s m s  L a b o r a t o r y  (now the 
E l e c t r o n i c  S y s t e m s  L a b o r a t o r y )  wi th  a s u m m e r  
job in June  1952 and s t a y e d  wi th  the lab  unti l  
d e p a r t i n g  to f o r m  S o f T e c h i n  J u l y  1969. As is 
e v i d e n c e d  m o s t  a c c e s s i b l y  by the e x c e l l e n t  a r t i c l e  
{ P e a s e  1952] in the S e p t e m b e r  1952 i s s u e  of 
S c i e n t i f i c  A m e r i c a n ,  1952 a l s o  was  the y e a r  of 
c o m p l e t i o n  of the f i r s t  phase  of the i n t r o d u c t i o n  
of n u m e r i c a l  c o n t r o l  to the w o r l d ,  wi th  the o p e r a -  
t ion of the MIT n u m e r i c a l l y  c o n t r o l l e d  m i l l i n g  
m a c h i n e  at  S e r v o  Lab ,  [ MIT 1952].  

As  is d e s c r i b e d  m o r e  c o m p l e t e l y  e l s e w h e r e  
{ W a r d  1968],  the d e v e l o p m e n t  of n u m e r i c a l  c o n -  
t r o l ,  p r o p e r ,  began  wi th  a p r o p o s a l  by John  T.  
P a r s o n s  of the P a r s o n s  C o r p o r a t i o n ,  T r a v e r s e  
Ci ty ,  M i c h i g a n  to the Uni t ed  S ta t e s  A i r  F o r c e  
that  punched  tape and s e r v o m e c h a n i s m  c o n t r o l  be 
app l i ed  to a m i l l i n g  m a c h i n e  to p r o d u c e  a u t o m a t i -  
c a l l y  the t e m p l a t e s  r e q u i r e d  in the p r o d u c t i o n  of 
h e l i c o p t e r  r o t o r  b l a d e s .  P a r s o n s  r e c e i v e d  a 
c o n t r a c t  f r o m  the A i r  F o r c e  in July 1949, and 
s u b c o n t r a c t e d  the c o n t r o l  w o r k  to the S e r v o m e c h -  
a n i s m s  L a b o r a t o r y  in 1949. In F e b r u a r y  1951 the 
A i r  F o r c e  c o n t r a c t  was  s w i t c h e d  d i r e c t l y  to S e r v o  
Lab wh ich  was  to r e c e i v e  con t inu ing  s p o n s o r s h i p  
f o r  n u m e r i c a l  c o n t r o l  h a r d w a r e ,  s o f t w a r e ,  and 
adap t ive  c o n t r o l ,  f o l l o w e d  by c o m p u t e r - a i d e d  
des ign ,  c o m p u t e r  g r a p h i c s  h a r d w a r e  and s o f t w a r e ,  
and s o f t w a r e  e n g i n e e r i n g  and s o f t w a r e  t e c h n o l o g y ,  
f o r  a l m o s t  20 y e a r s .  

My e n t r y  to S e r v o  Lab  was  in 1952 in the 
f i e ld  of a i r b o r n e  f i r e  c o n t r o l  s y s t e m  e v a l u a t i o n  
and p o w e r  d e n s i t y  s p e c t r a  a n a l y s e s .  (I l a t e r  c o m -  
p l e t e d  a M a s t e r s  T h e s i s  on I m p r o v e d  C o m p u t a t i o n a l  
T e c h n i q u e s  fo r  F o u r i e r  T r a n s f o r m a t i o n  [ 1954] as  
w e l l  as  a l l  c o u r s e  r e q u i r e m e n t s  fo r  the Ph.  D. in 
pure  m a t h e m a t i c s  by tak ing  c o u r s e s  t h r o u g h o u t  
th is  p e r i o d  as a p a r t - t i m e  s tudent .  I n e v e r  c o m -  
p l e t e d  the  d o c t o r a t e  p r o g r a m ,  s i nce  qua l i f y ing  
e x a m i n a t i o n s  would  have  c o v e r e d  m a t e r i a l  in p u r e  
m a t h e m a t i c s  that  I had not  s tud ied  f o r  y e a r s  and 
t h e r e  w a s ,  of c o u r s e ,  no c o m p u t e r  s c i e n c e  d o c -  
t o r a t e  p r o g r a m  at  tha t  t i m e .  ) The MIT D i g i t a l  

C o m p u t e r  L a b o r a t o r y  wi th  i t s  W h i r l w i n d  I c o m -  
p u t e r  [ E v e r e t t  1951] had r e c e n t l y  spun off f r o m  
S e r v o  Lab  and I t augh t  m y s e l f  to p r o g r a m  i t  in the 
s u m m e r  of 1952, c o m p l e t i n g  m y  fa l l  t e a c h i n g  
s c h e d u l e  wh i l e  a l s o  tak ing  a fu l l  c o u r s e  load  and 
be ing  a f u l l - t i m e  s ta f f  m e m b e r  at  S e r v o  Lab ,  

F r o m  the f a l l  of 1952 and f o r  the n e x t  s e v e n  
y e a r s  I was  h e a v i l y  i n v o l v e d  in the a p p l i c a t i o n  of 
a new f o r m  of a i r  m a s s  b a l l i s t i c  t a b l e s  to the 
e v a l u a t i o n  of a i r b o r n e  f i r e - c o n t r o l  s ys te  m s, e s p e -  
c i a l l y  fo r  the B - 5 8  b o m b e r .  A s e r i e s  of p r o j e c t s  
e v e n t u a l l y  i n v o l v e d  the i n s t a l l a t i o n  of m a n u a l  
i n t e r v e n t i o n  and C h a r a c t r o n  d i s p l a y  tube e q u i p m e n t  
on the ERA l l 0 3  C o m p u t e r  ( p r e c u r s o r  to the U n i v a c  
1100 s e r i e s  of c o m p u t e r s )  at  Eg l in  A i r  F o r c e  B a s e  
in F l o r i d a .  Th i s  w o r k ,  w h i c h  p r e c e d e d  and h e a v i l y  
o v e r l a p p e d  wi th  the e a r l y  A P T  d e v e l o p m e n t s ,  had 
a v e r y  s t r o n g  i n f l u e n c e  on m y  a p p r o a c h  to the 
n u m e r i c a l  c o n t r o l  p r o g r a m m i n g  and c a l c u l a t i o n  
p r o b l e m .  The p r o b l e m s  w e r e  of s i m i l a r  c o m -  
p l e x i t y  and i n v o l v e d  the s a m e  s ty le  of " s y s t e m a -  
t i z ed  s o l u t i o n "  us ing  t h r e e - d i m e n s i o n a l  v e c t o r  
c a l c u l a t i o n s ,  i n t e r m i x i n g  a h e a v y  use of l o g i c a l  
d e c i s i o n s  wi th  s i m p l e  a p p r o x i m a t i n g  c a l c u l a t i o n s  
in a c o m p l e x  n e t w o r k  m o d e l i n g  the r e a l i t y  of the 
s i t ua t i on  [ R o s s  and M c A v i n n  1958].  Th i s  a l s o  
was  the s o u r c e  of the founda t i ons  of  m y  p lex  
p h i l o s o p h y  and a p p r o a c h  to g e n e r a l  p r o b l e m  
m o d e l i n g  and so lu t ion .  

In the fou r  y e a r s  f r o m  the s u m m e r  of 1952 
to the s u m m e r  of 1956, I was  i n v o l v e d  in a b r o a d  
r a n g e  of s m a l l  and l a r g e  p r o j e c t s .  I and my  s m a l l  
g roup  of p r o g r a m m e r s  had d e v e l o p e d  a M i s t a k e  
D i a g n o s i s  Rou t ine  f o r  i n t e r r u p t i v e  c h e c k i n g  of 
a r b i t r a r y  p r o g r a m s ,  and v a r i o u s  p r o g r a m  debug= 
ging and p r e p a r a t i o n  a i d s .  We c o m m i s s i o n e d  
p r o g r a m m e r s  of the D i g i t a l  C o m p u t e r  L a b o r a t o r y  
to p r e p a r e  a s y m b o l i c  a s s e m b l y  s y s t e m  fo r  p r e -  
p a r i n g  ERA 1103 c o m p u t e r  p r o g r a m s  on W h i r l w i n d ,  
as  w e l l  as  a " d i r e c t o r  t a p e "  p r o g r a m  f o r  W h i r l -  
wind,  w h i c h  p r o b a b l y  w a s  the f i r s t  J C L - d r i v e n  
o p e r a t i n g  s y s t e m .  We w e r e  the f i r s t  to use the 
t h e n = c l a s s i f i e d  m a n u a l  i n t e r v e n t i o n  and mu l t i p l e  
s cope  e q u i p m e n t  ( d e v e l o p e d  fo r  the A i r  D e f e n s e  
S y s t e m )  f o r  g e n e r a l  i n t e r a c t i v e  m a n - m a c h i n e  
p r o b l e m  s o l v i n g .  I w r o t e  the f i r s t  t w o - d i m e n s i o n a l  
f r e e h a n d ,  g r a p h i c  input  p r o g r a m  (1954) s t a r t i n g  
c o m p u t e r  g r a p h i c s ,  and we i n s t a l l e d  the f i r s t  
i n t e r a c t i v e  o n - l i n e  t y p e w r i t e r  k e y b o a r d  (1955). 
A l l  of t h e s e  f e a t u r e s  i n c l u d i n g  a u t o m a t i c  logg ing  
and p l a y b a c k  of m a n u a l  a c t i o n s  w e r e  i nc luded  in 
the S e r v o  Lab  U t i l i t y  Rou t ine  P r o g r a m  (SLURP)  
S y s t e m  { R o s s  1958b],  i nc lud ing  a s y s t e m  c a l l e d  
" G r o u p  C o n t r o l "  [ MIT 1959b, Vol .  VII] f o r  a u t o .  
ma r i e  pag ing  b e t w e e n  c o r e  m e m o r y  and d r u m  
s t o r a g e  to a l l o w  l a r g e  p r o g r a m s  to o p e r a t e  in 
l i m i t e d  m e m o r y .  

Many of t h e s e  a c t i v i t i e s  w e r e  s i m u l t a n e -  
o u s l y  u n d e r w a y  in the s u m m e r  of 1956, i nc lud ing  
a m u l t i - o r g a n i z a t i o n  " P r e - B - 5 8  P r o j e c t "  [ MIT  
1958b] f o r  the e v a l u a t i o n  of the t a i l  t u r r e t  of  the 
B - 5 8  a i r p l a n e ,  wi th  p r o g r a m m e r s  under  m y  
d i r e c t i o n  in St. L o u i s ,  E g l i n ,  and MIT shu t t l i ng  
b a c k  and f o r t h  d e v e l o p i n g  bo th  h a r d w a r e  and so f t -  
w a r e  fo r  W h i r l w i n d  and the ERA1103 .  A n u m b e r  
of the i m p o r t a n t  c o n c e p t s  beh ind  th is  w o r k  w e r e  
s u m m a r i z e d  in my  f i r s t  p r o f e s s i o n a l  p a p e r  on 
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G e s t a l t  p r o g r a m m i n g ,  p r e s e n t e d  tha t  s p r i n g  a t  
the 1956 W e s t e r n  5oint  C o m p u t e r  C o n f e r e n c e  in 
C a l i f o r n i a  [ R o s s  1956a] .  I se t  a s ide  an e x a m p l e  
of p u s h - b u t t o n  c o n t r o l  of {pre-Sputnik} s a t e l l i t e  
l aunch ing ,  and i n s t e a d  i l l u s t r a t e d  tha t  p a p e r  w i th  
an e x a m p l e  of c o n t r o l  of an a u t o m a t i c  f a c t o r y  - -  
a p p r o p r i a t e l y  enough  f o r  A P T .  

2. 1 The MIT M i l l i n g  M a c h i n e  P r o j e c t  

Whi le  t h e s e  m a n y  a c t i v i t i e s  w e r e  f o r m i n g  
the b a c k g r o u n d  of m y s e l f  and my p r o g r a m m i n g  
g roup ,  the MIT N u m e r i c a l  C o n t r o l  P r o j e c t  w a s  
a l s o  p r o g r e s s i n g  fu l l  s t e a m  on s e v e r a l  o t h e r  
p a r a l l e l  pa ths  f r o m  1952 to 1956. T h r o u g h  n u m e r -  
ous c o n t a c t s  wi th  m a c h i n e  tool  b u i l d e r s  and a i r -  
c r a f t  c o m p a n i e s ,  l a r g e  n u m b e r s  of t e s t  p a r t s  w e r e  
p r o d u c e d  on the m i l l i n g  m a c h i n e  and w e r e  s tud ied  
f o r  e c o n o m i c  i m p a c t .  Many  p a r t s  w e r e  p r o g r a m -  
m e d  e n t i r e l y  by hand,  but  t h r o u g h o u t  th i s  p e r i o d  
John  Runyon d e v e l o p e d  a c o m p r e h e n s i v e  s u b r o u t i n e  
l i b r a r y  on W h i r l w i n d  [ Runyon 1953] fo r  p e r f o r m i n g  
many  of the n e c e s s a r y  c a l c u l a t i o n s  and a u t o m a t i -  
c a l l y  p r o d u c i n g  the coded  i n s t r u c t i o n s  f o r  the 
punched  p a p e r  m a c h i n e  too l  c o n t r o l  t ape .  Many  
p a r t s  w e r e  p r o d u c e d  by a c o m b i n a t i o n  of m a n u a l  
and s u b r o u t i n e  m e a n s .  I m p r o v e m e n t s  a l s o  w e r e  
m a d e  to the h a r d w a r e  of the c o n t r o l  s y s t e m  and 
m a c h i n e  tool  d i r e c t o r  du r ing  th is  p e r i o d ,  a long  
wi th  d o c u m e n t e d  e c o n o m i c  s t u d i e s  and m u c h  e d u -  
c a t i o n a l  d o c u m e n t a t i o n  and p r o m o t i o n a l  m a t e r i a l .  

In 1953 the p r i m a r y  s p o n s o r s h i p  s u p p o r t  
f o r  the e n g i n e e r i n g - b a s e d  m i l l i n g  m a c h i n e  p r o j e c t  
s w i t c h e d  f r o m  the A i r  F o r c e  to the G idd ings  and 
L e w i s  M a c h i n e  T o o l  Co. w h i c h  s p o n s o r e d  the 
d e v e l o p m e n t  of a new p r o d u c t i o n  too l  d i r e c t o r  on a 
c o m m e r c i a l  b a s i s .  D u r i n g  th i s  p e r i o d ,  the A i r  
F o r c e - s p o n s o r e d  e c o n o m i c  s t ud i e s  w e r e  c o m -  
p l e t ed  [ G r e g o r y  and A t w a t e r  1956] and the A i r  
F o r c e - s p o n s o r e d  e n g i n e e r i n g  p r o j e c t  c o m m i s s i o n e d  
the d e v e l o p m e n t ,  by A r n o l d  S i e g e l  of the D i g i t a l  
C o m p u t e r  L a b o r a t o r y ,  of the f i r s t  a u t o m a t i c  p r o -  
g r a m m i n g  l anguage  and s y s t e m  fo r  h i g h e r - l e v e l  
l a n g u a g e  p r e p a r a t i o n  of m a c h i n e  too l  c o n t r o l  t a p e s .  

A r n i e  did a w o n d e r f u l l y  e l e g a n t  p r o t o t y p e  d e m o n -  
s t r a t i o n  s y s t e m  f o r  t w o - d i m e n s i o n a l  p a r t s  c o n -  
s i s t i ng  of s t r a i g h t  l i n e s  and c i r c l e s  c a l l e d  f o r  
r e s p e c t i v e l y  by s y m b o l i c  n a m e s b e g i n n i n g  wi th  S 
or  C and wi th  m n e m o n i c  p u n c t u a t i o n  f o r  i n d i c a t i n g  
n e a r  and f a r  i n t e r s e c t i o n  po in t s  and c o n t r o l l i n g  
the too l  m o t i o n  on the r i g h t  o r  l e f t  s ide  of the 
s p e c i f i e d  c u r v e ,  see  F i g u r e  4 ( l a t e r ) .  The  r e s u l t -  
ing MIT r e p o r t  and C o n t r o l  E n g i n e e r i n ~  a r t i c l e  
[ S i e g e l  1956a,b]  s t i m u l a t e d  a g r e a t  dea l  of 
i n t e r e s t .  

B a s e d  upon th i s  s u c c e s s  and tha t  of the 
Runyon s u b r o u t i n e  l i b r a r y ,  the e n g i n e e r i n g  p r o j e c t  
s u b m i t t e d  a p r o p o s a l  to the A i r  F o r c e  tha t  n u m e r -  
i c a l  c o n t r o l  w o r k  be  c o n t i n u e d  a t  MIT wi th  a con-  
c e n t r a t i o n  on a u t o m a t i c  p r o g r a m m i n g  r a t h e r  than 
f u r t h e r  e n g i n e e r i n g .  T h e n  in 1955 the e n t i r e  
e n g i n e e r i n g  p r o j e c t  s t a f f  ( e x c e p t  f o r  A l f r e d  
Sussk ind ,  who r e m a i n e d  a t  MIT f o r  t e a c h i n g  and 
r e s e a r c h )  l e f t  the L a b o r a t o r y  to f o r m  C o n c o r d  
C o n t r o l s ,  Inc.  w i t h  G idd ings  and L e w i s  back ing ,  
to m a n u f a c t u r e  the N u m e r i c o r d  d i r e c t o r  s y s t e m  
on a c o m m e r c i a l  b a s i s  [ M I T  1956].  

2. Z The Computer Applications Group 

The  A i r  F o r c e  a c c e p t e d  the S e r v o  Lab p r o -  
p o s a l .  B e g i n n i n g  in June  of 1956 the l a b o r a t o r y  
was  under  c o n t r a c t  to i n a u g u r a t e  a new p r o g r a m  
in n u m e r i c a l  c o n t r o l ,  th i s  t i m e  e m p h a s i z i n g  a u t o -  
m a t i c  p r o g r a m m i n g  f o r  t h r e e - d i m e n s i o n a l  p a r t s  
to be p r o d u c e d  by  3-  and 5 - a x i s  m a c h i n e  too l  
d i r e c t o r  s y s t e m s .  N a t u r a l l y  enough,  th is  w o r k  
was  a s s i g n e d  to m y  g roup .  In r e c o g n i t i o n  of the 
m a n y  p r o j e c t s  w h i c h  we a l r e a d y  w e r e  s e r v i n g  in 
add i t ion  to the m i l l i n g  m a c h i n e  p r o j e c t ,  we w e r e  
c o m m i s s i o n e d  as  the C o m p u t e r  A p p l i c a t i o n s  
Group, at that time. Since I was understaffed for 
the work already underway, an entire new recruit- 
ing effort was immediately instituted. John Ward, 
then Executive Officer of the Laboratory was act- 
ing Project Engineer, but technical responsibility 
fell to me. 

Late in the summer we hired our first 
programmer trainee, 5erome Wenker, but actual 
work on the project was forced to wait until the 
arrival in Septemher of three new Research Assis- 
tants with engineering backgrounds. They were 
Samuel M. Matsa, Harry E. Pople, Jr., and 
George Zames. Thus the revitalized milling ma- 
chine p r o j e c t  got  u n d e r w a y  in S e p t e m b e r  1956, 
t h r e e  m o n t h s  l a t e ,  w i t h  e v e r y b o d y  inc lud ing  m y -  
se l f  c o m p l e t e l y  i n e x p e r i e n c e d  in n u m e r i c a l  c o n -  
t r o l  and,  e x c e p t  fo r  m e ,  a l s o  i n e x p e r i e n c e d  in 
e i t h e r  p r o g r a m m i n g  o r  l a n g u a g e  de s ign .  F u r t h e r -  
more, the contract called for quarterly Interim 
Engineering Reports, the first of which was to 
report on our progress from the start of the con- 
tract through September 30: Hardly an auspicious 
beginning for so ambitious an undertaking, 
especially since the Pre-B-58 Project was begin- 
ning to encounter the first of a long series of great 
technical difficulties, so that that project forms 
the bulk of my daily resumes for many months to 
come. We were all bright, eager, and hardwork- 
ing, h o w e v e r ,  and se t  to w o r k  i m m e d i a t e l y  w i t h  
e n l i g h t e n e d  if s o m e w h a t  n a i v e  v i g o r .  

3. PERIOD i: INITIAL APT FORMULATION 
(September 1956 through January 1957) 

3. I Changes from the Siegel System 

My date stamp on my own copy of Arnie 
Siegel's MIT report reads "September 28, 1956". 
Arnie was a good friend and I'm sure I met sev- 
eral times with him to go over his programs and 
gather his thoughts on how we ought to proceed. 
His system was based upon a simple character- 
driven Input Translation Program like those used 
elsewhere in the symbolic assemblers that had 
been written at the Computer Lab. The translator 
then selected from a library of closed subroutines 
which analytically computed the required inter- 
sections of straight lines and circles and employed 
the same calculations as Runyon's cutter center 
offset routines and punched-tape code-generation 
(recorded on magnetic tape for offline punching). 
His system also produced meaningful error diag- 
nostics and was elegant and easy to use. 
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I s a w  i m m e d i a t e l y  t h a t  a l t h o u g h  t h e  i n p u t  
a n d  o u t p u t  p o r t i o n s  of  t he  S i e g e l  s y s t e m  c o u l d  b e  
e x t e n d e d ,  t h e  l a n g u a g e  a n d  c a l c u l a t i n g  m e t h o d s  
w o u l d  h a v e  to b e  c o m p l e t e l y  d i f f e r e n t ,  f o r  in  o r d e r  
to  h a n d l e  a r b i t r a r y  3 - d i m e n s i o n a l  s h a p e s  t h e  
c a l c u l a t i o n  of  c u r v e s  a n d  e n d p o i n t s  b y  c l o s e d - f o r m  
s o l u t i o n s  w o u l d  b e  i m p o s s i b l e .  F u r t h e r m o r e ,  t h e  
" a u t o m a t i c  p r o g r a m m i n g  l a n g u a g e "  ( i t  w a s  s t i l l  
s e v e r a l  m o n t h s  b e f o r e  t he  t e r m  " p a r t  p r o g r a m m i n g  
l a n g u a g e "  w a s  i n t r o d u c e d  in  A P T ,  p r o b a b l y  b y  
B o e i n g )  w o u l d  h a v e  to b e  c o n s i d e r a b l y  m o r e  e l a b -  
o r a t e  t h a n  t h a t  u s e d  in  A r n i e ' s  l i t t l e  p r o t o t y p e .  I 
w a s  f a m i l i a r  w i t h  p a r a m e t r i c  m e t h o d s ,  h a v i n g  
c o m p l e t e d  a c o u r s e  in  d i f f e r e n t i a l  g e o m e t r y  a s  
p a r t  of m y  m a t h e m a t i c s  t r a i n i n g ,  b u t  p l a n e s ,  
s p h e r e s ,  c o n e s ,  c y l i n d e r s ,  a n d  q u a d r i c  s u r f a c e s  
w e r e  t he  p r i m a r y  b u i l d i n g - b l o c k  s h a p e s  w h i c h  h a d  
o c c u r r e d  in  t he  p a r t s  t h a t  "had b e e n  p r o g r a m m e d  
t h u s  f a r .  A i r f o i l  s e c t i o n s  a n d  s m o o t h  f a i r e d  s u r .  
f a c e s  d e s c r i b e d  b y  a r b i t r a r y  m e s h e s  of p o i n t s  in  
s p a c e  w e r e  a l s o  h a n d l e d  b y  s p e c i a l  W h i r l w i n d  
r o u t i n e s  [ B r o m f i e l d  1 9 5 6 ] .  T h e r e f o r e ,  t h e  m o r e  
n a t u r a l  a p p r o a c h  s e e m e d  to b e  to  d e s c r i b e  t he  
t h r e e - d i m e n s i o n a l  m o t i o n  of  a c u t t e r  t h r o u g h  
s p a c e  b y  m e a n s  of  a s p a c e  c u r v e  r e s u l t i n g  f r o m  
t h e  i n t e r s e c t i o n  b e t w e e n  "two t h r e e - d i m e n s i o n a l  
s u r f a c e s •  

F r o m  t h e  e x t e n s i v e  u s e  o f  v e c t o r  m e t h o d s  
in  t h e  f i r e  c o n t r o l  s y s t e m  e v a l u a t i o n  w o r k ,  a n d  
f r o m  t h e  n a t u r a l  m a t c h  b e t w e e n  a r e c t i l i n e a r  
c o o r d i n a t e  s y s t e m  f o r  c a l c u l a t i o n  a n d  t h e  r e c t i -  
l i n e a r  c o n t r o l  d i r e c t i o n s  of  t he  m a c h i n e  t o o l ,  i t  
w a s  q u i t e  n a t u r a l  to  b a s e  a l l  c o n s i d e r a t i o n s  on  
a t h r e e - d i m e n s i o n a l  v e c t o r  a p p r o a c h .  A s  I r e c a l l  
A r n i e  w a s  m i l d l y  d i s a p p o i n t e d  to f i n d  t h a t  s u c h  
m a j o r  s u r g e r y  w o u l d  b e  r e q u i r e d  on  t h e  f r a m e w o r k  
of  h i s  p r o t o t y p e  s y s t e m ,  b u t  h e  a g r e e d  t h a t ,  e s p e -  
c i a l l y  s i n c e  t h e  c l o s e d  f o r m  m a t h e m a t i c a l  s o l u -  
t i o n s  w e r e  i m p o s s i b l e ,  t h e  c h a n g e s  w e r e  n e c e s s a r y .  
U n f o r t u n a t e l y ,  e x c e p t  f o r  t h e s e  f e w  s t a r t u p  c o n -  
t a c t s ,  A r n i e  h a d  no  i n v o l v e m e n t  w i t h  o u r  p r o j e c t  
e x c e p t  f o r  h e l p i n g  w i t h  t h e  c o u r s e  t h e  f o l l o w i n g  
s p r i n g  ( S e c t i o n  4) ,  a n d  t h e  K i c k - O f f  M e e t i n g  
( S e c t i o n  5 . 3 ) .  

In a n y  c a s e ,  t h e  e a r l i e s t  w r i t t e n  r e c o r d  
a b o u t  A P T  t h a t  I f i n d  in  m y  f i l e s  i s  a l e t t e r  
[ C 5 6 1 0 1 0 ]  f r o m  m e  to  J o s e p h  A l b e r t ,  t h e n  a n  
e n g i n e e r  in  t he  M a n u f a c t u r i n g  R e s e a r c h  D e p a r t .  
m e n t  of  L o c k h e e d  A i r c r a f t  C o r p o r a t i o n ,  M a r i e t t a ,  
G e o r g i a ,  in  r e p l y  to h i s  O c t o b e r  4 l e t t e r  to  t h e  
L a b  D i r e c t o r ,  P r o f e s s o r  I .  F .  R e i n t j e s  i n q u i r i n g  
a b o u t  o u r  u s e  of  W h i r l w i n d  f o r  p r e p a r i n g  t a p e s  
f o r  o u r  m i l l i n g  m a c h i n e .  A f t e r  r e f e r r i n g  h i m  to 
t h e  r e l e v a n t  r e p o r t s  ( i n c l u d i n g  A r n i e ' s ,  b u t  
s u g g e s t i n g  t h a t  R u n y o n ' s  r e p o r t  " w o u l d  b e  of  t h e  
m o s t  i m m e d i a t e  i n t e r e s t  to  y o u " )  I t h e n  d e s c r i b e  
o u r  n e w  m e t h o d  " w h i c h  i s  n o w  in i t s  i n f a n c y  [ a n d ]  
i s  r e s t r i c t e d  to t h e  c a s e  of  p l a n e s  a n d  s p h e r e s ,  
a l t h o u g h  a d i r e c t  e x t e n s i o n  to  i n c l u d e  c o n e s ,  
c y l i n d e r s ,  s u r f a c e s  of  r e v o l u t i o n ,  a n d  q u a d r a t i c  
[ s i c ,  n o t  t he  c o r r e c t  " q u a d r i c " ]  s u r f a c e s  i s  p l a n -  
n e d .  A r e p o r t  d e s c r i b i n g  t h i s  w o r k  i s  s c h e d u l e d  
f o r  p u b l i c a t i o n .  " - -  so  we  w e r e  w e l l  u n d e r w a y .  

3.2 P r o j e c t  S t a r t - u p  

T h e  y e l l o w  p a g e  d r a f t  I n t e r i m  R e p o r t  m a -  
t e r i a l  a p p e a r s  to  s t a r t  w i t h  s o m e  n o t e s  s p o k e n  i n t o  
t h e  d i c t a p h o n e  [ N 5 6 9 ? ~  in  t h e  p r o c e s s  of  a k i c k o f f  

m e e t i n g  of  s o m e  s o r t ,  p r o b a b l y  in  l a t e  S e p t e m b e r  
1956 .  T h e  n o t e s  m e n t i o n  s t a r t i n g  of f  w i t h  o n l y  
p l a n e s  a n d  s p h e r e s ,  u s i n g  t h e m  to  b o t h  d e f i n e  
c u r v e s  a n d  p r o g r a m  w i t h  r e g i o n s ,  a n d  a l s o  
i n c l u d e  t h e  i d e a s  of  d i r e c t e d  d i s t a n c e  a n d  n o r m a l  
v e c t o r s  " t o  g e t  s o m e b o d y ' s  s u r f a c e  i n "  [ p l ] .  

" W e  w i l l  p u t  in  o n l y  a s  m u c h  v o c a b u l a r y  i n t o  
t h e  l a n g u a g e  a s  we  p r e s e n t l y  n e e d  to m o t i -  
v a t e  t he  s t u d y  a n d  m a k e  i t  w o r k a b l e  f o r  
o u r s e l v e s .  T h e  m a k i n g  of  t h i s  t h i n g  i n t o  a 
r e a l l y  u s e f u l  s y s t e m ,  s i n c e  we  h a v e  l i m i t e d  
m a n p o w e r ,  we  w o u l d  l i k e  to  h a v e  a s s i s t a n c e  
f r o m  o t h e r  p e o p l e  in  e s t a b l i s h i n g  a v o c a b u -  
l a r y  f o r  t he  l a n g u a g e ,  in  o t h e r  w o r d s ,  w h i c h  
p a r t i c u l a r  s u r f a c e s  a r e  to  be  u s e d  o r  h o w  
s u r f a c e s  a r e  to  b e  s p e c i f i e d  in  p a r t i c u l a r . . .  
N o w  h e r e  i s  a p r o b l e m  - H o w  do  you  w o r k  
o u t  a w a y  of  t a l k i n g  a b o u t  a p a r t  in  t e r m s  
of  r e g i o n s ?  - W h a t  a r e  t h e  n e c e s s a r y  
t h i n g s  a r e  n o t  s e l f - e x p l a n a t o r y  a n d  t h a t ' s  
w h e r e  w e  w i l l  b e  w o r k i n g  [ p 2 ] . . .  

" F i r s t  of  a l l  w e  w a n t  to  e s t a b l i s h  t h a t  t h e  
p r o b l e m  i s  o n e  o f  l a n g u a g e .  T h e n ,  w h a t  
k i n d  of  l a n g u a g e ?  W e l l ,  we  w a n t  o u r  
l a n g u a g e  to  b e  j u s t  b e t w e e n  t h e  m a n  a n d  
h i s  p r o b l e m ,  i n d e p e n d e n t  of  t h e  p a r t i c u l a r  
m a c h i n e  t o o l  t h a t  i s  g o i n g  to  b e  u s e d  b u t ,  
• . .  w e  do h a v e  to  c o m p r o m i s e  s o m e w h a t  
on  t h i s  i d e a l  l a n g u a g e .  In o t h e r  w o r d s ,  
o u r  l a n g u a g e  w i l l  b e  i n f l u e n c e d  b y  t he  
p a r t i c u l a r  t o o l  a n d  b y  t h e  p a r t i c u l a r  c o m -  
p u t e r s  to  s o m e  e x t e n t ,  b u t  o u r  g o a l  i s  to  
h a v e  i t  a s  n e a r l y  i n d e p e n d e n t  of  t h e s e  
q u a n t i t i e s  a s  p o s s i b l e . . . "  [ p 3 ] .  

C e r t a i n l y  n o t  w r i t t e n  o r  d i c t a t e d  E n g l i s h ,  b u t  i t  i s  
a r e c o r d  of  o u r  e a r l y  t h i n k i n g  a n d  of  t h e  b e g i n n i n g  
of  t h e  A P T  l a n g u a g e .  T h i s  e s t a b l i s h e s  p r e m i s e  
n u m b e r  4 o f  m y  t h e m e  ( S e c t i o n  1. 1). 

3 . 3  S y s t e m  S t r u c t u r e  a n d  S e m a n t i c s  

E v i d e n t l y  s t a r t i n g  f r o m  t h i s  i n i t i a l  g r o u p  
m e e t i n g ,  s o m e t i m e  in  S e p t e m b e r  o r  O c t o b e r  I 
p r e p a r e d  f o u r  p a g e s ,  s i n g l e  s p a c e d ,  of  t y p e w r i t t e n  
o u t l i n e  w i t h  c o r r e c t i o n s  in  i n k  [ N 5 6 1 0 ? ]  s t a r t i n g  
out: 

"I. Introduction 

" W e  n o w  g i v e  b r e a k d o w n  of  p r o b l e m  i n t o  
m a j o r  a r e a s  a s  r e f e r e n c e  f o r  a l l  f u t u r e  
r e p o r t s  a n d  w o r k . . .  " 

T h e  c o n t e n t s  v e r i f y  t h a t  f r o m  t h e  b e g i n n i n g  I h a d  
t he  v i e w  t h a t  t h e  ( a s  y e t  u n n a m e d )  A P T  s y s t e m  
w o u l d  b e  m o d e l e d  on  t h e  s t r u c t u r e  of  a c o m p u t e r ,  
w i t h  a n  i n p u t  t r a n s l a t i o n  p r o g r a m  p r e p a r i n g  
p s e u d o  i n s t r u c t i o n s  to  b e  i n t e r p r e t e d  b y  a c o n t r o l  
e l e m e n t  p r o g r a m  w h i c h  in  t u r n  w o u l d  s e l e c t  t h e  
m o d e s  of  b e a v h i o r  of  a n  a r i t h m e t i c  e l e m e n t  p r o -  
g r a m  p r o d u c i n g  a s e q u e n c e  of  c u t  v e c t o r s  to  b e  
o u t p u t  in  t h e  l a n g u a g e  of  a c h o s e n  m a c h i n e  t o o l  
a n d  m a c h i n e  t o o l  d i r e c t o r  s y s t e m .  T h e  a r i t h m e t i c  
e l e m e n t  p r o g r a m  ( o r  A R E L E M ,  a s  i t  i s  n o w  
k n o w n )  c a l c u l a t e s ~ c u t  v e c t o r s  j u s t  a s  a n  o r d i n a r y  
c o m p u t e r  c a l c u l a t e s  n u m b e r s  a s  a n s w e r s •  T h e s e  
y e l l o w - p a g e  o u t l i n e  n o t e s  a r e  o f  h i s t o r i c  i n t e r e s t  
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b e c a u s e  they d o c u m e n t  t h e  e v o l u t i o n  of  t e r m i n o l -  
o g y  to  t h a t  s t i l l  i n  u s e  i n  A P T  t o d a y .  T h e  s e c t i o n  
[ p l ]  e n t i t l e d  " I I .  P r o g r e s s "  r e a d s  a s  f o l l o w s :  

" H a v e  c h o s e n  to w o r k  on  P D  [ p a r t  d e s c r i p -  
t i o n ]  of  s i m u l a t e d  c o m p u t e r  f i r s t  b e c a u s e  
a l l  o t h e r  p a r t s  h i n g e  o n  i t s  f o r m .  

M e t h o d  of  P a r t  D e s c r i p t i o n :  A t  C o m p u t e r  
L e v e l :  b y  p o i n t  m o v i n g  in  s o m e  p a t t e r n  
o v e r  t h e  s u r f a c e  of  t he  p a r t ,  i . e . ,  v i e w  a s  
p o i n t  c u t t e r .  V i e w e d  a s  p o i n t  m o v i n g  i n  
s t e p s  b y  s e q u e n c e  of  s t r a i g h t  l i n e  c u t  v e c -  
t o r s ,  b u t  n e e d  n o t  i m p l y  t h a t  a c t u a l  c u t t e r  
w i l l  u s e  l i n e a r  i n t e r p o l a t i o n .  T h i s  v i e w  
m e r e l y  g i v e s  d i s c r e t e  p o i n t s  on  t h e  s u r f a c e  
a n d  s p a c e  b e t w e e n  p o i n t s  m a y  b e  t r e a t e d  in  
m a n y  w a y s  d e p e n d i n g  o n  p a r t i c u l a r  d i r e c t o r  
u s e d .  P o i n t  b y  p o i n t  c a l c u l a t i o n  i s  r e q u i r e d  
f o r  d i g i t a l  t r e a t m e n t  of  p r o b l e m .  T h e  
s e q u e n c e  of  c u t  v e c t o r s  a r e  [ s i c ]  m a d e  to  
a p p r o x i m a t e  a n  e l e m e n t a r  Y s e g m e n t  of  a 
d e t e r m i n e d  c u r v e ,  d e f i n e d  a s  f o l l o w s :  
T h e  p o i n t  c u t t e r  i s  to  m o v e  o n  s o m e  d e t e r -  
m i n i n g  s u r f a c e  b u t  s t a y i n g  [ p2]  in  t h e  
d r i v i n g  p l a n e .  
T h e  i n t e r s e c t i o n  of  t h e  d r i v i n g  p l a n e  a n d  t h e  
d e t e r m i n i n g  s u r f a c e  i s  t h e  d e t e r m i n e d  c u r v e .  
T h e  e l e m e n t a r y  s e g m e n t  of t h e  d e t e r m i n e d  
c u r v e  i s  d e t e r m i n e d  b y  t h e  i n t e r s e c t i o n  of  
t he  d e t e r m i n e d  c u r v e  w i t h  t h e  c h e c k  s u r -  
f a c e ,  t h e  e n d  p o i n t  b e i n g  c a l l e d  a n  i n t e r -  
s e c t i o n  p o i n t .  
T h u s  a n  e l e m e n t a r y  s e g m e n t  i s  d e f i n e d  b y  
a D P ,  a DS a n d  t w o  C S ' s .  , a s  t h e  s e c t i o n  
of  t h e  d e t e r m i n e d  c u r v e  b e t w e e n  t h e  t w o  
i n t e r s e c t i o n  p o i n t s .  " 

A f t e r  a f e w  m o r e  l i n e s  a b o u t  t h e  s i m u l a t e d  
c o m p u t e r ,  w e  f i n d  [ p2]  

"Operation Code - the operations which the 
simulated computer can do. For present, 
simplified case 

DS = 
DP = 
CS = 
GO l 
Tolerance = 
END " 

A v e r y  i n t e r e s t i n g  p o i n t  i s  t h a t  t h i s  p a p e r  h a s  
b l a c k  i n k  p e n  c o r r e c t i o n s  w h i c h  i n c l u d e  c h a n g i n g  
the first two instructions to "PS =" and "DS =" 
and these corrections are carried through the 
rest:of the pages. This shows that the current 
APT system and APT language terminology of 
part surface, drive surface, and check surface, 
see Figure I, resulted in this fashion as an 
improvement over the original idea sometime on 
or before November 2, 1956 (for which my resume 
says "The introductory part of the milling machine 
report now seems to be in fairly good shape. 
Progress on the body of the report is up to the 
equations for part surface = sphere" [R56112], 
so that the term "part surface" was established 
by then). 

F i g u r e  1. S p a c e  C u r v e  D e t e r m i n e d  b y  S u r f a c e s  

T h e  r e m a i n d e r  of  t h e  o u t l i n e  [ N 5 6 1 0 ? ]  
c o n t a i n s  n o  f u r t h e r  l a n g u a g e  f e a t u r e s  e x c e p t  f o r  a 
d i s c u s s i o n  of  

" w a y s  to  a u t o m a t i c a l l y  d e t e r m i n e  w h i c h  
d i r e c t i o n  to  t a k e  w h e n  t h e r e  e x i s t s  two  
p o s s i b i l i t i e s . . .  D e c i d e d  to  u s e  j u s t  
K I ' K 2  > 0 to  d e f i n e  ' f o r w a r d '  a n d  h a v e  
' g o  f o r w a r d . "  p l u s  ' g o  r e v e r s e . "  m o d e s  of  
' G O : ' .  [ I f  t h e  d o t  p r o d u c t  i s  z e r o ]  t h e n  
f o r w a r d  = r i g h t  i f  t h i n k  of  s t a n d i n g  o n  K1 
w i t h  h e a d  i n  d i r e c t i o n  of  N 1 a n d  l o o k  in  
d i r e c t i o n  of  K1 .  T h i s  i s  e a s y  to  r e m e m -  
b e r  a n d  c a n  b e  u s e d  to  t r e a t  a r b i t r a r i l y  
complex parts. " [ p3, 4] 

T h e  m e a n i n g  of  f o r w a r d ,  r i g h t ,  a n d  l e f t  b e i n g  
b a s e d  u p o n  o r i e n t a t i o n  w i t h  r e s p e c t  to  t h e  s u r f a c e  
normal still is true of APT language, but later 
underwent several versions of implementation 
after this initial definition, as we will see. In 
any case, the outline pages show that although the 
problem was averred to be one primarily of lan- 
guage, i t  i s  c l e a r  t h a t  w e  a p p r o a c h e d  t h e  p r o b l e m  
f r o m  t h e  s e m a n t i c s  of  t h a t  l a n g u a g e ,  n o t  i t s  s y n t a x ,  
f r o m  t h e  b e g i n n i n g .  T h i s  e s t a b l i s h e s  p r e m i s e  
n u m b e r  1, of  m y  t h e m e  ( S e c t i o n  1. 1). 

3.4 Generalized ARELEM 

The heart of APT semantics is the Arith- 
metic Element program, ARELEM. We did not 
stay very long with the very simple plane-and- 
sphere ease. The November 9 resume states 
"Jerry Wenker started thinking about a general 
design for part description. It involves an itera- 
tire technique for using normals to surfaces as 
well as programs for directed distance to surfaces 
to handle arbitrary situations. I talked with him 
about this and we developed several improvements 
on the technique and I pointed out that it was very 
similar to what we were now doing in the [ Pre- 
B-58] evaluation program..."[R56119]. This is 
an important date for it marks the beginning of 
ARELEM developments that were not to receive 
really satisfactory resolution until our Second- 
Order MIT ARELEM was finally developed in 
1961 -- well after the end of the story I tell here. 
But by November 19, I "wrote section on the new 
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e l e m e n t a r y  c a l c u l a t i o n  f o r  m i l l i n g  m a c h i n e  r e p o r t "  
[ R 5 6 1 1 1 9 ] ,  s o  b y  t h i s  d a t e  w e  k n e w  t h e  c o m p l e t e  
s t r u c t u r e  of  t h e  i n t e n d e d  n e w  s y s t e m .  

3 . 5  G l i m m e r i n g s  of  P l e x  

T w o  w e e k s  l a t e r  " m o s t  of t h e  d a y  w a s  s p e n t  
in  m i l l i n g  m a c h i n e  c o n f e r e n c e  c o n s i d e r i n g  p r i m a -  
r i l y  t he  u s e  of  i n d e x  r e g i s t e r s .  T h e  r e s u l t s  a r e  
s u m m a r i z e d  in  M i l l i n g  M a c h i n e  C o n f e r e n c e  N u m -  
b e r  1" [ R 5 6 1 1 2 9 , 3 0 ] .  W h e n  I f i r s t  s a w  t h a t  in  t h e  
r e s u m e ,  I m a d e  t he  s i d e  n o t e  " I  d o n ' t  k n o w  w h e t h -  
e r  t h o s e  n o t e s  a r e  s t i l l  a v a i l a b l e .  I w o n d e r  i f  
e v e n  t h i s  e a r l y  I h a d  t h e  i d e a  of  ' r e v e r s e  i n d e x  
r e g i s t e r s '  o r  P l e x p r o g r a m m i n g  [ R o s s  1 9 6 1 ] .  H 
s o ,  i t  : p r e d a t e s  m y  e v e n  h e a r i n g  of  M c C a r t h y ' s  
L I S P  s y s t e m  ( in  1 9 5 9 ) "  [ R o s s  1 9 7 7 b ] .  T h i s  n o t e  
w a s  w r i t t e n  in  O c t o b e r  1977 b e f o r e  d i s c o v e r i n g  
t h a t  I d i d  i n d e e d  s t i l l  h a v e  t he  y e l l o w - p a g e  m i n u t e s  
of  t h a t  c o n f e r e n c e  w i t h  m y  c r e w ,  f r o m  w h i c h  t h e  
f o l l o w i n g  e x t r a c t  i s  p e r t i n e n t  [ R o s s  1956c ]  : 

" I t  i s  d e s i r a b l e  to  b e  a b l e  to  p r o g r a m  b y  
a r e a s  i n s t e a d  of  b y  c u r v e s  a s  w e  n o w  do .  
T h i s  w e  f e e l  m a y  b e  a c c o m p l i s h e d  b y  
a l l o w i n g  a n  a r b i t r a r y  n u m b e r  of  s u r f a c e  
r e g i s t e r s ,  i . e . ,  t h e  l o c a t i o n s  f o r  p a r t  
s u r f a c e s ,  c h e c k  s u r f a c e s ,  a n d  d r i v i n g  
s u r f a c e s .  T h e  m o t i o n  o v e r  t h e  s u r f a c e  of  
a p a r t ,  w h e t h e r  b y  z i g - z a g  o r  b y  s p i r a l  
m o t i o n ,  w i l l  b e  c a l l e d  f a c i n g .  T h e  u s e  
of  m a n y  s u r f a c e  r e g i s t e r s  a l l o w s  a f a c i n g  
to h a v e  a n  a r b i t r a r y  b o u n d a r y  [ p l ]  a n d  
c o n t a i n  a n  a r b i t r a r y  n u m b e r  of  i n t e r -  
m e d i a t e  p a r t  s u r f a c e s .  In  o r d e r  to  h a v e  
c o m p a c t  r e p r e s e n t a t i o n s  of  c o m p l i c a t e d  
f a c i n g  m o t i o n s ,  we  n e e d  to  h a v e  i n d e x i n g  
c a p a b i l i t i e s .  

" I n d e x i n g  m a y  b e  d o n e  o n  m a n y  l e v e l s  a n d  
in  m a n y  w a y s .  T h e  q u a n t i t i e s  w h i c h  m a y  
b e  i n d e x e d  a r e  p r o g r a m  a d d r e s s e s ,  d a t a  
a d d r e s s e s ,  o r  d a t a .  W h e n  a n  i n s t r u c t i o n  
i s  t a g g e d  f o r  i n d e x i n g  i t  i s  t a g g e d  w h e t h e r  
t h e  i n d e x  i s  to  b e  m o d i f i e d  o r  n o t  m o d i -  
f i e d  b e f o r e  t h e  i n d e x i n g  o p e r a t i o n ,  a n d  
m o d i f i c a t i o n  a l w a y s  a p p l i e s  a c h e c k  
a g a i n s t  a n  a s s o c i a t e d  c r i t e r i o n .  T h e  
i n s t r u c t i o n  i s  a l s o  t a g g e d  w h e t h e r  t he  
c h e c k  w i t h  t h e  c r i t e r i o n  s h o u l d  c y c l e ,  
t e r m i n a t e ,  o r  s t a r t .  I f  c y c l e d ,  t h e n  t he  
i n d e x  i s  r e s e t  a n d  t h e  i n s t r u c t i o n  r e m a i n s  
a c t i v e .  If  t e r m i n a t e ,  t h e  i n d e x  i s  n o t  
r e s e t  a n d  t h a t  i n s t r u c t i o n  i s  i g n o r e d  u n t i l  
t h e  i n d e x  i s  r e s e t  b y  s o m e  o t h e r  m e a n s .  
I f  s t a r t ,  t h e  i n s t r u c t i o n  i s  n o t  e x e c u t e d  
u n t i l  t h e  c r i t e r i o n  i s  r e a c h e d .  

" A l l  i n d e x a b l e  q u a n t i t i e s  ( w h i c h  a r e  a l l  
q u a n t i t i e s )  h a v e  s t o r e d  w i t h  t h e m  a n  
i n c r e m e n t  in  t h e i r  a p p r o p r i a t e  u n i t s .  " . . .  
[ p2 ]  

T h e  n o t e s  go on  to  d e s c r i b e  t he  g r o u p i n g  of  s u r f a c e  
d a t a  t o g e t h e r  f o r  s u c h  a c c e s s i n g  s o  i t  d o e s  s e e m  
t h a t  w h a t  l a t e r  w a s  to  b e c o m e  t h e  " n - c o m p o n e n t  
e l e m e n t "  a n d  " b e a d "  p r o g r a m m i n g  w i t h  p o i n t e r s  
of  A E D  [ R o s s ,  R o d r i g u e z ,  a n d  F e l d m a n  1970] ,  t h e  
" r e c o r d s "  [ W i r t h a n d  H o a r e  1966]  a n d  " a b s t r a c t  
d a t a  t y p e s "  in  o t h e r  l a n g u a g e s  [ L i s k o v ,  W u l f ] ,  
a n d  e v e n  t h e  " c o n t r o l l e d  s t o r a g e  c l a s s e s "  of  P L / 1  

[ A N S I  1976]  w e r e  r e c o g n i z e d  b y  u s  a s  u s e f u l  in  
1956 .  In  f a c t ,  t h e  i n c o r p o r a t i o n  of  t he  l o g i c a l  
c o n t r o l  i n f o r m a t i o n  in  a c o m p l e t e  c r o s s  r e f e r e n c e  
n e t w o r k  f o r  p r o b l e m  s o l u t i o n  ( w h i c h  i s  f u r t h e r  
b o r n  o u t  b y  t h e  s u b s e q u e n t  f o u r  s i d e s  of  y e l l o w .  
p a g e  w o r k i n g  p a p e r s  [ N 5 6 1 2 1 ,  2] w h i c h  I g e n e r a t e d  
on  D e c e m b e r  1 a n d  2, 1956 o v e r  t h e  w e e k e n d ,  
l e a d i n g  to  a " n e w  m e t h o d  of  l a n g u a g e  a n d  d r i v i n g  
s u r f a c e  d e r i v a t i o n "  [ R 5 6 1 2 3 ]  i s  s t i l l  m y  u n d e r -  
s t a n d i n g  of  h o w  t h e  " g u a r d e d  c o m m a n d s "  of  
D i j k s t r a  [ 1975]  s h o u l d  b e  t h o u g h t  of  a n d  u s e d .  
T h u s  t w e n t y  y e a r s  i s  b o t h  a l o n g  t i m e  a n d  a s h o r t  
t i m e  in  t h e  h i s t o r y  of  p r o g r a m m i n g .  

3 . 6  L a n g u a g e  I n t e n t i o n s  

W h i l e  t h e s e  s e m a n t i c - o r i e n t e d  A R E L E M  
d e v e l o p m e n t s  w e r e  g o i n g  on ,  w o r k  o n  t h e  I n t e r i m  
R e p o r t  c o n t i n u e d .  In  a N o v e m b e r  7, 8 v i s i t ,  o u r  
A i r  F o r c e  c o n t r a c t  m o n i t o r ,  B i l l  W e b s t e r ,  
r e q u e s t e d  t h a t  t h e  I n t e r i m  R e p o r t  " s h o u l d  b e  a s  
up  to  d a t e  a s  p o s s i b l e  a n d  n o t  t e r m i n a t e  a t  t h e  
S e p t e m b e r  30 d a t e .  T h i s  w i l l  e n t a i l  a n  a p p r e c i a b l e  
a m o u n t  of  a d d i t i o n a l  w r i t i n g "  [ R 5 6 1 1 9 ] .  I h a v e  a 
y e l l o w - p a g e  h a n d w r i t t e n  p e n c i l  d r a f t  [ N 5 6 1 2 1 5 ,  16] 
w r i t t e n  o v e r  t h e  w e e k e n d  o n  D e c e m b e r  15 a n d  16, 
1956 a d d r e s s e d  s p e c i f i c a l l y  to  t h e  " p o i n t  of  v i e w  
of  l a n g u a g e  b e i n g  t h e  m o s t  i m p o r t a n t  i t e m  a n d  t h e  
s y s t e m  r e f l e c t s  t h e  s t r u c t u r e  of  t h e  l a n g u a g e "  
[ R 5 6 1 2 1 4 + 1 7 ] .  T h e  d r a f t  i t s e l f  w a s  n e v e r  u s e d ,  
b u t  f o r  o u r  p u r p o s e s  h e r e ,  of  u n d e r s t a n d i n g  t h e  
s t a t e  of  m i n d  w i t h  r e g a r d  to  l a n g u a g e  d e s i g n  a t  
t h a t  t i m e ,  a f e w  e x c e r p t s  a r e  i l l u m i n a t i n g .  

" T h e  o b j e c t i v e  i s  to  i n s t r u c t  t h e  m a c h i n e  
t o o l  to  p e r f o r m  s o m e  s p e c i f i c  o p e r a t i o n ,  
s o  t h a t  s e n t e n c e s  s i m i l a r  to  t h e  i m p e r a t i v e  
s e n t e n c e  f o r m  of  E n g l i s h  a r e  r e q u i r e d . . .  
D e c l a r a t i v e  s t a t e m e n t s  a r e  a l s o  n e c e s s a r y .  
E x a m p l e s  of  d e c l a r a t i v e  s e n t e n c e s  u s e d  to 
p r o g r a m  a n u m e r i c a l l y  c o n t r o l l e d  m a c h i n e  
t o o l  m i g h t  t h e n  b e  of  t h e  f o r m :  

' S p h e r e  No .  1 h a s  c e n t e r  a t  ( 1 , 2 , 3 )  
a n d  r a d i u s  4 '  

' A i r f o i l  No .  5 i s  g i v e n  b y  e q u a t i o n . . .  ' 

' S u r f a c e  No.  16 i s  a t h i r d  o r d e r  
f a i r i n g  of  s u r f a c e  4 i n t o  s u r f a c e  7 
w i t h  b o u n d a r i e s . . .  ' 

A n  i m p e r a t i v e  s e n t e n c e  m i g h t  h a v e  t h e  
form: 

' C u t  t h e  r e g i o n  of  S p h e r e  No .  1 
b o u n d e d  b y  p l a n e s  1, 2, a n d  3 b y  
a c l o c k w i s e  s p i r a l  c u t  to  a t o l e r a n c e  
of  0.  005 i n c h .  ' 

T h e s e  s a m p l e  s e n t e n c e s ,  a l t h o u g h  w r i t t e n  
h e r e  in  f u l l  E n g l i s h  t e x t  f o r  c l a r i t y ,  a r e  
i n d e e d  r e p r e s e n t a t i v e  of  t h e  t y p e  of  l a n -  
g u a g e  t o w a r d  w h i c h  t h e  p r e s e n t  s t u d y  i s  
a i m e d "  [ N 5 6 1 2 1 5 ,  16, p 2 ] .  

T h e  d r a f t  c o n t i n u e s  to  d i s c u s s  t h e  v o c a b u -  
l a r y  a n d  " . s . y n t a c t i c a l  r u l e s  f o r  c o m b i n i n g  w o r d s  
to  e x p r e s s  a n d  c o m m u n i c a t e  i d e a s .  In  g e n e r a l  
t e r m s ,  t h e  s y n t a c t i c a l  r u l e s  d e t e r m i n e  t h e  s t r u c -  
t u r e  of  t h e  l a n g u a g e ,  w h i l e  t h e  v o c a b u l a r y  
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Figure 2° The APT System Concept 

d e t e r m i n e s  the  s u b s t a n c e  of the l anguage  ~3] . . . .  
A l l  of the e l e m e n t s  of s y n t a c t i c a l  s t r u c t u r e  and 
e a c h  word  in the v o c a b u l a r y  of the l a n g u a g e  m u s t  
be  m a t c h e d  by an a p p r o p r i a t e  c o m p u t e r  p r o g r a m .  
T h e r e f o r e  the s t r u c t u r e  and s u b s t a n c e  of the l a n -  
guage  i n ~ u e n c e  d i r e c t l y  the s y s t e m  of c o m p u t e r  
p r o g r a m s "  [p4]. T h i s  e s t a b l i s h e s  p r e m i s e  n u m -  
b e r  3 of m y  t h e m e  (Sec t ion  1 .1 ) .  

3. 7 The Name "APT" and Glimmerings of 
S t r u c t u r e d  Analysis 

The l a s t  p o r t i o n  of th is  D e c e m b e r  15, 16 
d r a f t  shows tha t  i t  was  at th is  t i m e  tha t  I f i r s t  
c a m e  up wi th  the a c r o n y m  " A P T " .  The pages  I 
have  end wi th  " T h e  A P T  S y s t e m  Concep t , ' ,  as  
fo l lows  : 

" T h e  p r e c e d i n g  s e c t i o n s  have  i n t r o d u c e d  the 
b a s i c  a p p r o a c h  to the p r o b l e m  of p r o g r a m -  
m i n g  of m a c h i n e  too l s ,  f r o m  an a b s t r a c t  
and i d e a l  po in t  of v i e w .  It was  m e n t i o n e d  
above  that  the i dea l  l anguage  m u s t  be m o d i -  
f ied in p r a c t i c e  to su i t  the p a r t i c u l a r  
m a c h i n e  to a c o m p u t e r ,  as  w e l l  as  to su i t  
the h u m a n  and h is  p r o b l e m .  A v e r y  in-  
s t r u c t i v e  and he lp fu l  v i s u a l i z a t i o n  of__these 
i n f l u e n c e s  m a y  be  ga ined  by c o n s i d e r i n g  
the p r a c t i c a l  p r o b l e m  f r o m  a s y s t e m  poin t  
of v i ew .  The g e n e r a l  s t r u c t u r e  of an A u t o -  
t a c t i c  s y s t e m  fo r  the P r o g r a m m i n g  of-- 
m a c h i n e  T o o l s  ( abb reVia t ed  A P T  s y s t e m )  
is shown'Tn F i g .  "1. The ' v a r i a b l e  
p a r a m e t e r s '  f o r  A P T  s y s t e m  d e s i g n  a r e  
shown as  v e r t i c a l  inputs  to the p r i n c i p a l  
s y s t e m  c o m p o n e n t s  - -  the human  and the 
c o m p u t e r  " [ N 5 6 1 2 1 5 , 1 6  p 5 , 6 ] .  

Thus  was  the A P T  s y s t e m  c h r i s t e n e d ,  a l t h o u o A i n  
the f ina l  D e c e m b e r  27 [R561227]  r e w r i t i n g  of the 
r e p o r t  I s a y " . . ,  c a l l e d  A P T  s y s t e m s  (an a b b r e v i .  
a t ion  of A u t o m a t i c a l l y  P r o g r a m m e d  Too l  s y s t e m s ) '  
[ R o s s  an'd P o p l e  1956 , 'p4]  w h i c h h o l a s  to th is  day.  

I actually do not have the original "Figure 
I", but instead have the new figure (shown here 
as F i g u r e  2) w h i c h  was  used  in the f ina l  I n t e r i m  
R e p o r t  [p5]  and e l s e w h e r e .  I do, h o w e v e r ,  have  
a ye l low typed page ,  wi th  c a r b o n  [ R 5 6 1 2 7 ] ,  w h i c h  
t a lks  about  the o r i g i n a l  F i g u r e  1 and wh ich  I 
c l e a r l y  w r o t e  in the i n t e r v e n i n g  ten days .  It  is 
of i n t e r e s t  in i t s  own r i g h t  b e c a u s e  it  shows that  
the " v a r i a b l e  p a r a m e t e r s "  of the o r i g i n a l  F i g u r e  
1 (which  was  c l o s e l y  r e l a t e d  to F i g u r e  2) w e r e  
in f a c t  the a l l - i m p o r t a n t  " c o n t r o l "  of my l a t e s t  
c r e a t i o n  - -  S t r u c t u r e d  A n a l y s i s  ( c i r c a  1973) 
[ R o s s  1977a] .  

"The characteristics of any particular APT 
system will depend upon the vertical 'inputs' 
shown -- the experience, design practice, 
and APT system capabilities which influ- 
ence the human, and the various programs 
which control the computer. Conversely 
the development of a particular system with 
certain prescribed characteristics is cen- 
tered in the study or design of these 
'inputs'. Thus, the overall task can be 
broken into convenient sections by con- 
sidering each of these 'inputs' as a 
separate problem. The solution of any 
of these problems will of course be influ- 
enced by the interdependence imposed by 
the overall system" [R5612?]. 
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T h i s  e s t a b l i s h e s  p r e m i s e  n u m b e r  Z of  m y  t h e m e  
( S e c t i o n  1. 1), so  a l l  f o u r  p r e m i s e s  w e r e ,  a s  I 
s a i d ,  o b s e r v e d  f r o m  t h e  b e g i n n i n g .  

T h e  h i s t o r i c a l l y  i n t e r e s t i n g  f a c t  i s  t h a t  I 
c l e a r l y  u n d e r s t o o d  t h a t  t h e r e  w a s  a p r o f o u n d  d i f -  
f e r e n c e  b e t w e e n  " i n p u t s "  ( w i t h o u t  q u o t e s )  a n d  
" ' i n p u t s ' "  ( w i t h  q u o t e s ) ,  i n c l u d i n g  t h e i r  v e r t i c a l  
p l a c e m e n t ,  a n d  t h a t  t h e y  l e d  to h i e r a r c h i c  m o d u -  
l a r  d e s i g n .  T h e  D e c e m b e r  14 r e s u m e  s a y s  " S p e n t  
a l l  d a y  h a s h i n g  o v e r  t h e  M i l l i n g  M a c h i n e  R e p o r t  
t r y i n g  a n u m b e r  of  n e w  i n t r o d u c t o r y  s e c t i o n s .  A 
n u m b e r  of  g o o d  i d e a s  w e r e  b r o u g h t  up b u t  w e r e  
t o o  d i f f i c u l t  to w h i p  i n t o  s h a p e ,  s u c h  t h i n g s  a s  a 
h i e r a r c h y  of  p r o g r a m m a b l e  s y s t e m s ,  e t c . "  
[ R 5 6 1 Z 1 4 ] .  T h i s  w a s  i m m e d i a t e l y  p r e c e d i n g  m y  
p r e p a r a t i o n  of  t he  a b o v e - m e n t i o n e d  h a n d w r i t t e n  
d r a f t  [ N 5 6 1 Z 1 5 ,  1 6 ] ,  t h a t  w e e k e n d .  

A l t h o u g h  I h a v e  s t a t e d  in  m y  w r i t i n g s  a b o u t  
S t r u c t u r e d  A n a l y s i s  t h a t  i t  h a d  i t s  r o o t s  in  m y  
e a r l y  p l e x  t h i n k i n g ,  I h a v e  a t t r i b u t e d  t h e  f o u r -  
s i d e d  b o x  n o t a t i o n  ( w i t h  i t s  i n ~ ,  contro______l, o u t p u t ,  
a n d  ~ e c h a n i ~ m  m e a n i n g s  f o r  t h e  f o u r  s i d e s )  to  t h e  
" c e l l - m o d e l i n g "  n o t a t i o n  of  S h i z u o  H o r i  [ H o r i  1972]  
(who  h e a d e d  t he  A P T  L o n g  R a n g e  P r o g r a m  f o l l o w -  
on  to o u r  e a r l y w o r k  f o r  m a n y  y e a r s  [ D o b e  1969 ] ) .  
A l t h o u g h  I a m  s u r e  t h a t  n e i t h e r  S h i z  n o r  I w e r e  
a w a r e  of  i t ,  i t  m i g h t  b e  t h a t  he  w a s  i n f l u e n c e d  b y  
m y  F i g u r e  2 a n d  t he  w a y  I t a l k e d  a b o u t  A P T ,  f o r  
I d i d  i n d e e d  t a l k  w i t h  h i m  d u r i n g  h i s  o w n  e a r l y  
d e v e l o p m e n t s  of  h i s  i d e a s .  B u t  in  a n y  c a s e  i t  i s  
c l e a r  w h y  in  t h e  1 9 7 0 s  I f o u n d  t h e  f o u r - s i d e d  b o x  
n o t a t i o n  s o  a t t r a c t i v e  a n d  so  n a t u r a l  a s  a n  e x p r e s -  
s i v e  m e d i u m  f o r  m y  o w n  p l e x  n o t i o n s  w h e n  I c a m e  
to f o r m a l i z e  t h e m  a s  S t r u c t u r e d  A n a l y s i s .  I h a v e  
a l w a y s  c l a i m e d  t h a t  a l l  of  m y  w o r k  m e r e l y  t r i e s  
to  s o l v e  t h e  s a m e  p h i l o s o p h i c a l  p r o b l e m  in  w o r k -  
i n g  f o r m  - -  t he  p r o b l e m  of  p l e x  [ R o s s  1961 a n d  
1975]  - -  w h i c h  r e a l l y  s t a r t e d  to f o r m  in  m y  m i n d  
in  t h e  e a r l y  n i n e t e e n  f i f t i e s  a n d  w a s  q u i t e  i m p o r -  
t a n t  in  m y  t h i n k i n g  d u r i n g  t h i s  f o r m a t i v e  A P T  
p e r i o d .  

So b y  t he  e n d  of  D e c e m b e r  1956,  t he  n a m e ,  
n a t u r e  of  l a n g u a g e ,  m e t h o d  of  s e m a n t i c  c a l c u l a t i o r  
a n d  t h e  g e n e r a l  s y s t e m  s t r u c t u r e  of  A P T  w a s  
a v a i l a b l e .  In t he  r e p o r t  w e  e v e n  s a i d  

" T h e  a b o v e  s e q u e n c e  [ of  A P T  s y s t e m s  
p r o g r a m m e d  b y  p o i n t s ,  c u r v e s ,  a n d  
r e g i o n s ]  h a s  n o t  b e e n  t e r m i n a t e d  s i n c e  
t h e r e  i s  n o t  n e c e s s a r i l y  a n  e n d  to t h e  
g r o w t h  p o t e n t i a l  of  t he  A P T  c o m p u t e r .  
C o n c e i v a b l y  i t  c a n  g r o w  u n t i l  a l l  d e s i g n  
a n d  a n a l y s i s  f o r  m a c h i n e d  p a r t s  i s  i n -  
c l u d e d  in  t he  a u t o m a t i c  p r o g r a m m i n g  
s y s t e m ,  a n d  t h e  A P T  c o m p u t e r  i s  p r o -  
g r a m m e d  s i m p l y  b y  d e s c r i b i n g  t he  f u n c -  
t i o n  w h i c h  a m a c h i n e d  p a r t  i s  to  p e r f o r m "  
[ R o s s  a n d  P o p l e  1956,  p 4 ] .  

- - a  c l e a r  c a l l  f o r  w h a t  l a t e r  b e c a m e  c o m p u t e r -  
a i d e d  d e s i g n  [ R o s s  1960;  C o o n s  a n d  M a n n  1 9 6 0 ] .  
A P T  I, p r o g r a m m e d  b y  p o i n t s ,  n e v e r  e x i s t e d ,  b u t  
a t  M I T  we  d id  p r o c e e d  to  m a k e  b o t h  A P T  II ,  
p r o g r a m m e d  b y  s p a c e  c u r v e s ,  a n d  A P T  III ,  p r o -  
g r a m m e d  b y  s u r f a c e  r e g i o n s ,  o n  t h e  W h i r l w i n d  I 
c o m p u t e r  [ W a r d  1 9 6 0 ] ,  s e e  F i g .  2. 

4 .  P E R I O D  2: S P E C I A L  N / C  C O U R S E  F O R  
T H E  AI.A 
( D e c e m b e r  1956 t h r o u g h  A p r i l  1957)  

T h e  p u b l i c a t i o n  of  t h e  f i r s t  I n t e r i m  R e p o r t  
m a r k s  t h e  e n d  of  t h e  f i r s t ,  p r i m a r i l y  b a c k g r o u n d ,  
p h a s e  of  A P T  l a n g u a g e  d e v e l o p m e n t .  T h e  n e x t  
p h a s e ,  o u r  f i r s t  c o n t a c t  w i t h  t he  S u b c o m m i t t e e  
f o r  N u m e r i c a l  C o n t r o l  (SNC)  of  t h e  A I A ,  o v e r -  
l a p p e d  a n d  c o i n c i d e d ,  f o r  t h e  I n t e r i m  R e p o r t  c a m e  
b a c k  f r o m  t h e  p r i n t e r  w h i l e  Don  C l e m e n t s  a n d  I 
w e r e  i n  D a l l a s  m e e t i n g  w i t h  t h e  A I A ,  5 a n u a r y  
2 1 - 2 5 ,  1957 [ R 5 7 0 1 2 1 - Z h ,  p 3 ] .  (On D e c e m b e r  6,  
D o n  C l e m e n t s  h a d  b e e n  a p p o i n t e d  P r o j e c t  E n g i n e e r  
[ R 5 6 1 2 6 ] .  He  h a d  b e e n  w o r k i n g  on  o t h e r  p r o j e c t s  
in  t he  l a b o r a t o r y  p r e v i o u s l y .  ) On  N o v e m b e r  7 a n d  
8, B i l l  W e b s t e r ,  t h e  A i r  F o r c e  C o n t r a c t  M o n i t o r ,  
a n d  h i s  b o s s  C o l o n e l  D i c k  v i s i t e d  w i t h  us  a n d  B i l l  
s u g g e s t e d  t h a t  w e  c o n t a c t  B e r n a r d  G a i e n n i e  of  
N o r t h r o p ,  L o s  A n g e l e s ,  C h a i r m a n  of t he  S u b -  
c o m m i t t e e  f o r  N u m e r i c a l  C o n t r o l  of  t h e  A i r c r a f t  
I n d u s t r i e s  A s s o c i a t i o n ,  a n d  a l s o t h a t  w e  s h o u l d  g e t  
in  t o u c h  w i t h  K e n n e t h  W o o d  of  B o e i n g ,  S e a t t l e ,  to  
a s k  h i m  a b o u t  a r e p o r t  on  B o e i n g  p r e p a r a t i o n s  f o r  
n u m e r i c a l  c o n t r o l [ R 5 6 1 1 7 , 8 ] .  N u m e r o u s  p h o n e  
c a l l s ,  l e t t e r s ,  a n d  m e e t i n g s  a t  M I T  d o c u m e n t  n o t  
o n l y  o u r  g o i n g  to  t h e  D a l l a s  m e e t i n g ,  b u t  a l s o  
A I A ' s  r e q u e s t  t h a t  M I T  p r e s e n t  a S p e c i a l  C o u r s e  
o n  N u m e r i c a l  C o n t r o l  [ R 5 6 1 Z 4 ]  . 

D u r i n g  t h e  D a l l a s  A I A  m e e t i n g ,  m y  r e s u m e  
s a y s ,  " F r a n k  R e i n t j e s  [ S e r v o  L a b  D i r e c t o r ]  c a l l e d  
V i c  B e n e t a r  of  L o c k h e e d  t h e r e  in  D a l l a s  a n d  i n -  
f o r m e d  t h e m  t h a t  w e  w e r e  n o w  c o n s i d e r i n g  g i v i n g  
a o n e  w e e k  c o u r s e  a t  t h e  e n d  of M a r c h  d u r i n g  
v a c a t i o n .  F r a n k  f e e l s  t h a t  h e  s h o u l d  p i c k  up t h e  
b a l l  a s  f a r  a s  o r g a n i z i n g  t he  c o u r s e  a n d  t h a t  w i t h  
a o n e  w e e k  t h i n g  we  s h o u l d  b e  a b l e  to  h a n d l e  i t  
a l l  r i g h t "  [ R 5 7 0 1 2 1 - Z 5 ,  p Z ] .  T h e r e  f o l l o w  s o m e  
o t h e r  i t e m s  c o n c e r n i n g  t h e  c o n t e n t  of  t h e  c o u r s e  
a n d  h o w  i t  w o u l d  b e  f u n d e d ,  b u t  t h e s e  a r e  o n l y  of  
i n t e r e s t  to  h i s t o r i a n s  of  n u m e r i c a l  c o n t r o l  a s  s u c h .  
T h e  c o u r s e  i t s e l f  d id  i n d e e d  t a k e  p l a c e  w i t h  f a n c y  
p r i n t e d  b r o c h u r e ,  t u i t i o n  of  $ 2 7 5 . 0 0 ,  e t c . ,  f r o m  
M o n d a y  M a r c h  Z5 to W e d n e s d a y  A p r i l  3, 1957 
[ M I T  1 9 5 7 b ,  R 5 7 Z 1 8 ] .  

F o r  t h e  p u r p o s e  of  A P T  h i s t o r y  p r o p e r ,  
o n e  i n t e r e s t i n g  c o m p o n e n t  of  t h e  c o u r s e  i s  t h e  
s e r i e s  of  l e c t u r e s  p r e s e n t e d  b y  m y s e l f  a n d  A r n i e  
S i e g e l  in  t h e  m i d d l e  f o u r  d a y s  of  t h e  c o u r s e .  W e  
c o v e r e d  t h e  c o m p u t e r  p r o g r a m m i n g  p r o c e s s ,  u s i n g  
a s  e x a m p l e s  a m o u s e  s o l v i n g  a m a z e  to e m p h a s i z e  
l o g i c a l  p r o g r a m m i n g ,  a n d  f i n d i n g  t h e  i n t e r s e c t i o n  
of  a c i r c l e  a n d  a p a r a b o l a  to  i l l u s t r a t e  s y s t e m a -  
t i z e d  s o l u t i o n  i t e r a t i v e  c a l c u l a t i o n  m e t h o d s  [ a l s o  
u s e d  in  m y  1958 A A A S  p a p e r ,  d e s c r i b e d  l a t e r ] .  
P r o g r a m m i n g  p r i n c i p l e s  w e r e  c o v e r e d  f r o m  c o m -  
p u t e r  a r c h i t e c t u r e  a n d  b i n a r y  n u m b e r  s y s t e m s  
t h r o u g h  a c t u a l  p r o g r a m s  c o d e d  in  I B M  704  a s s e m -  
b l y  l a n g u a g e .  A r n i e  d e s c r i b e d  h i s  a u t o m a t i c  p r o -  
g r a m m i n g  s y s t e m  a n d  I p r e s e n t e d  A P T ,  i n c l u d i n g  
c u r v e  a n d  r e g i o n  p r o g r a m m i n g .  

T h e  m o s t  i m p o r t a n t  i t e m  f o r  A P T  l a n g u a g e  
b a c k g r o u n d ,  h o w e v e r ,  w a s  t h e  l e c t u r e  w h i c h  I 
p r e s e n t e d ,  on  F r i d a y ,  M a r c h  29,  on  " D e s i g n  of  
S p e c i a l  L a n g u a g e  f o r  M a c h i n e  T o o l  P r o g r a m m i n g "  
[ R o s s  1 9 5 7 a ] ,  w h i c h  I r e p r o d u c e  h e r e  in  i t s  
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e n t i r e t y  f r o m  t h e  h a n d o u t  n o t e s  f r o m  t h e  c o u r s e  
[ M I T  1 9 5 7 c ] .  N o t  o n l y  a r e  m o s t  of  t h e  p r i n c i p l e s  
s t i l l  v a l i d  t o d a y ,  b u t  i t  s h o w s  v e r y  p r e c i s e l y  t h e  
n a t u r e  a n d  t r e n d  of  m y  t h i n k i n g  j u s t  p r i o r  to  t h e  
f i r s t  c r e a t i o n  of  A P T  l a n g u a g e  p r o p e r .  In t h e  
o r a l  l e c t u r e ,  i t s e l f ,  I i l l u s t r a t e d  t h e  p r i n c i p l e s  
in  g e o m e t r i c  t e r m s  b y  m e a n s  of  a n u m b e r  of  
s t y r o f o a m  m o d e l s  w h i c h  I h a d  m a d e  up in  o u r  
s h o p  f r o m  $ 6 . 8 6  w o r t h  (I s t i l l  h a v e  t h e  M a r c h  6 t h ,  
1957 p u r c h a s e  r e q u i s i t i o n )  of  s t y r o f o a m  b a l l s ,  
d o w e l s ,  a n d  b l o c k s ,  a s  u s e d  in  C h r i s t m a s  s t o r e  
d e c o r a t i o n  [ N 5 7 3 6 ] .  T h e s e  g e o m e t r i c  s h a p e  d e s -  
c r i p t i o n  p r i n c i p l e s ,  d e s c r i b i n g  o b j e c t s  a s  j o i n s  a n d  
i n t e r s e c t i o n s  of  s i m p l e r  o b j e c t s ,  h a v e  o n l y  c o m e  
i n t o  p r a c t i c a l  u s e  in  t h e  m i d - 1 9 7 0 ' s  t h r o u g h  t h e  
w o r k  of  B r a i d  a n d  V o e l k e r  [ B r a i d  1975;  V o e l c k e r  
a n d  R e q u i c h a  1 9 7 7 ] .  

A s  w e  w i l l  s e e ,  I w a s  f o r c e d  to m a k e  m a n y  
c o m p r o m i s e s  w i t h  t h e s e  d e s i g n  p r i n c i p l e s  w h e n  
A P T  l a n g u a g e  d e s i g n  a c t u a l l y  g o t  u n d e r w a y .  B u t  
I f e e l  t h a t  e v e n  t o d a y  t h e  p o i n t s  m a d e  in  t h i s  b r i e f  
l e c . t u r e  s t i l l  a r e  v a l i d  f o r  u s e r - o r i e n t e d  a p p l i c a -  
t i o n  l a n g u a g e  d e s i g n .  In a n y  c a s e ,  t h e  s p e c i a l  
c o u r s e  w a s  a s u c c e s s  in  c o m p l e t i n g  t h e  t e c h n i c a l  
b a c k g r o u n d  f o r  A P T  l a n g u a g e  d e v e l o p m e n t ,  s o  n o w  
i t  i s  t i m e  to t a k e  up t h e  s t o r y  of  t h e  p h y s i c a l  e n -  
v i r o n m e n t  in  w h i c h  t h a t  d e v e l o p m e n t  t o o k  p l a c e .  

F r i d a y ,  M a r c h  29 - A f t e r n o o n  S e s s i o n  

D e s i g n  of  S p e c i a l  L a n g u a g e  f o r  M a c h i n e - T o o l  
P r o g r a m m i n g  

D o u g l a s  T .  R o s s  

A.  N e e d  f o r  H u m a n  C o n v e n i e n c e  

1. P r e v i o u s  l e c t u r e  h a s  s h o w n  t h a t  
c o m p u t e r s  c a n  b e  u s e d  to  p e r f o r m  m o s t  o f  t h e  
r e p e t i t i o u s  t a s k s  of  p r o g r a m m i n g  m a c h i n e  t o o l s ,  
a n d  t h a t ,  u s i n g  a u t o m a t i c  a s s e m b l y  t e c h n i q u e s ,  
d e t a i l e d  c o m p u t e r  c o d i n g  i s  n o t  n e c e s s a r y .  

I t  s t i l l  i s  n e c e s s a r y ,  h o w e v e r ,  f o r  
t h e  h u m a n  to  c o n s i d e r  m a s s e s  of  d e t a i l ,  i n  
o r d e r  to  e x p r e s s  h i s  w i s h e s  in  a f o r m  w h i c h  
t he  S u b r o u t i n e  L i b r a r y  c a n  h a n d l e .  T h e  w a y  
h e  t h i n k s  a b o u t  t h e  p r o b l e m  i s  g o v e r n e d  b y  
t h e  S u b r o u t i n e  L i b r a r y .  

F o r  c o m p l i c a t e d  p a r t s  t h e  a m o u n t  of  
d e t a i l e d  i n f o r m a t i o n  r e q u i r e d  of  t h e  h u m a n  c a n  
b e  v e r y  g r e a t .  T h i s  s i t u a t i o n  i s  d a n g e r o u s  b e -  
c a u s e  h u m a n s  c a n n o t  h a n d l e  q u a n t i t i e s  of  d e -  
t a i l e d  w o r k  r e l i a b l y .  

2. I t  i s  n e c e s s a r y  to  f i n d  a m o r e  n a t u r a l ,  
l e s s  d e t a i l e d  w a y  f o r  t h e  h u m a n  to  e x p r e s s  
h i m s e l f .  

B .  L a n g u a g e  D e s i g n  

1. In o r d e r  to  h a v e  a t r u l y  c o n v e n i e n t  
w a y  f o r  h u m a n s  to  p r o g r a m  m a c h i n e  t o o l s  to  
m a k e  p a r t s ,  we  m u s t  f i r s t  d e t e r m i n e  w h a t  a r e  
t h e  i m p o r t a n t  p r o p e r t i e s  of  p a r t s  in  g e n e r a l .  

T h e  ~ x ,  ~ y ,  ~ z  a n d  f e e d r a t e  i n f o r -  
m a t i o n  r e q u i r e d  b y  a n u m e r i c a l l y  c o n t r o l l e d  
m a c h i n e  t o o l  a r e  c e r t a i n l y  a C o m p l e t e  s e t  of  

p r o p e r t i e s  f o r  a r b i t r a r y  p a r t s ,  b u t ,  a s  w e  h a v e  
s e e n ,  t h e s e  p r o p e r t i e s  a r e  f a r  f r o m  c o n v e n i e n t  
f o r  h u m a n s .  

W e  m u s t  f i n d  p r o p e r t i e s  w h i c h  a r e  
m u c h  m o r e  g e n e r a l ,  m o r e  s i m i l a r  to  t he  w a y  
h u m a n s  t h i n k .  

T h i s  is n o t  a n  e a s y  t a s k ,  h o w e v e r ,  
b e c a u s e  t h e  p r o p e r t i e s  s t i l l  m u s t  b e  v e r y  
e x p l i c i t  so  t h a t  t he  c o m p u t e r  w i l l  b e  a b l e  to  
f i l l  in  a l l  of  t h e  n e c e s s a r y  d e t a i l s  w h i c h  a r e  
i m p l i e d .  

2. O n c e  t h e  p r o p e r t i e s  h a v e  b e e n  found ,  
t h e n  w e  c a n  a s s i g n  E n g l i s h - l i k e  w o r d s  to  t h e m  
so  t h a t  t h e y  a r e  e a s y  f o r  p e o p l e  to  r e m e m b e r  
a n d  u s e .  

T h e r e  m u s t  a l s o  b e  v e r y  e x p l i c i t  
r u l e s  f o r  c o m b i n i n g  t h e s e  w o r d s  to  m a k e  
m e a n i n g f u l  s t a t e m e n t s  a b o u t  p a r t s .  

T h e s e  r u l e s  s h o u l d  a l s o  b e  s i m i l a r  
to  t h e  r u l e s  of  E n g l i s h  g r a m m a r  so  t h a t  i t  i s  
e a s y  a n d  n a t u r a l  f o r  t h e  h u m a n  to  e x p r e s s  
h i m s e l f .  

3. T h e  e f f e c t  of  c h o o s i n g  p r o p e r t i e s ,  
a s s i g n i n g  w o r d s  to t h e m ,  a n d  e s t a b l i s h i n g  
r u l e s  f o r  c o m b i n i n g  t h e s e  w o r d s ,  i s  t h a t  a 
s p e c i a l - p u r p o s e  l a n g u a g e  w i t h  v e r y  e x p l i c i t  
m e a n i n g s  a n d  c a p a b i l i t i e s  h a s  b e e n  d e s i g n e d  
f o r  " t a l k i n g "  to  t h e  c o m p u t e r  a b o u t  p a r t s  to  b e  
m a c h i n e d .  I t  i s  i m p o r t a n t ,  f o r  h u m a n  c o n v e n -  
i e n c e ,  to  a l l o w  f o r  r e d u n d a n c y  in  t h i s  l a n g u a g e ,  
so  t h a t  t h e  h u m a n  c a n  e x p r e s s  h i m s e l f  in  w h a t -  
e v e r  w a y  i s  n a t u r a l  a t  t h e  m o m e n t .  

C.  S u g g e s t i o n s  F o r  L a n g u a g e  D e s i g n  

1. A t  t h e  p r e s e n t  t i m e ,  l a n g u a g e  d e s i g n  
i s  a n  a r t .  No s c i e n t i f i c  p r o c e d u r e s  a r e  k n o w n  
a n d  e a c h  p r o b l e m  a r e a  r e q u i r e s  i t s  o w n  s p e c i a l  
t r e a t m e n t .  

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

Z. T h e  k i n d  of  s t a t e m e n t s  w h i c h  a r e  to  
b e  m a d e  a b o u t  a p r o b l e m  a r e a  a r e  g e n e r a l l y  of  
two  k i n d s  : 

D e c l a r a t i v e  o r  d e s c r i p t i v e  s t a t e m e n t s  
( " s a y "  - t y p e  s t a t e m e n t s )  w h i c h  e s t a b l i s h  d e f i -  
n i t i o n s  a n d  b a s i c  r e l a t i o n s h i p s  a m o n g  t h e  t h i n g s  
w h i c h  a r e  to  b e  d i s c u s s e d .  

I n s t r u c t i o n  s t a t e m e n t s  { " d o "  - t y p e  
s t a t e m e n t s }  w h i c h  u s e  t h e  r e l a t i o n s h i p s  a n d  
d e f i n i t i o n s ,  a n d  t e l l  w h a t  a c t i o n  i s  to  b e  c a r r i e d  
out. 

T h e  d i s t i n c t i o n  b e t w e e n  " s a y "  - t y p e  
s t a t e m e n t s  a n d  " d o "  - t y p e  s t a t e m e n t s  i s  h e l p -  
fu /  in  d e c i d i n g  w h a t  k i n d s  of  w o r d s  a n d  r u l e s  
a r e  n e e d e d  i n  t h e  l a n g u a g e .  

3. I t  i s  n o t  n e c e s s a r y  ( i n d e e d  i m p o s s i b l e )  
to  c o n s i d e r  a l l  p o s s i b l e  s t a t e m e n t s  w h i c h  w i l l  
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be  m a d e  in  t he  l a n g u a g e ,  s i n c e  we  c a n  c o n s i d e r  
o n l y  the  k i n d s  o f  t h i n g s  we  w i s h  to s a y  and  do .  

A t  t h i s  s t a g e  we  n e e d  to  k n o w  o n l y  a 
f e w  r e p r e s e n t a t i v e  t h i n g s  to  s a y  t h i n g s  a b o u t ,  
and  t h i n g s  to  do .  

E x a m p l e s  of  " s a y "  s t a t e m e n t s  

T h e  i s  on the  

T h e  i s  t he  s a m e  s i z e  a s  the  

A w i t h  a w i l l  be  c a l l e d  a 

E x a m p l e s  of " d o "  s t a t e m e n t s  

the  to 

i ng  f o l l o w e d  b y  

c a l l e d  ing .  

ing  w i l l  be  

If you h a v e  e d ,  the  

4. It i s  a l s o  p o s s i b l e  to  e s t a b l i s h  a w i d e  
v a r i e t y  of  m o d i f i e r s  f o r  the  l a n g u a g e ,  k n o w i n g  
o n l y  a f e w  r e p r e s e n t a t i v e  t h i n g s  to be  m o d i f i e d .  

W e l l - c h o s e n  m o d i f i e r s  c a n  b e  v e r y  
i m p o r t a n t  to t he  l a n g u a g e  s i n c e  t h e y  a l l o w  c o m -  
p l i c a t e d  i d e a s  to  be  e x p r e s s e d  b y  s i m p l e  s t a t e -  
m e n t s .  T h e y  a l l o w  v a r i a t i o n s  of  m e a n i n g  w i t h -  
ou t  d r a s t i c a l l y  c h a n g i n g  the  f o r m  of  the  
s t a t e m e n t s .  

T h i n g s  w h i c h  w e  s a y  t h i n g s  a b o u t  c a n  
be  m o d i f i e d  a c c o r d i n g  to  s i z e ,  q u a n t i t y ,  r e -  
l a t i o n s h i p  to  o t h e r  t h i n g s ,  e t c .  " S a y "  - t h i n g s  
m a y  a l s o  be  m o d i f i e d  b y  o t h e r  " s a y "  - t h i n g s .  

E x a m p l e :  T h e r e  a r e  s on the  
of  the  

T h i n g s  w h i c h  we s a y  to do  c a n  be  
m o d i f i e d  a c c o r d i n g  to h o w  q u i c k l y ~ - ~ o w  c a r e -  
f u l l y ,  a n d  in w h a t  m o d e  o r  v e r s i o n  t h e y  a r e  
to b e  d o n e ,  e t c .  

E x a m p l e :  _ _  _ _ l y  to t he  _ _  a n d  t h e n  
ly .  

5. W i t h  the  k i n d s  of  " s a y "  - a n d  " d o "  - 
s t a t e m e n t s  d e t e r m i n e d  a n d  m o d i f i e r s  e s t a b -  
l i s h e d ,  the  m a i n  f e a t u r e s  of  t he  l a n g u a g e  a r e  
s e t .  

T h e  n e x t  s t e p  is  to " f l e s h  o u t "  t he  
s k e l e t o n  of  the  l a n g u a g e  w i t h  the  n e c e s s a r y  
thin..__g v o c a b u l a r y .  

U s u a l l y  t h e r e  w i l l  be  m a n y  m o r e  
" s a y "  - t h i n g s  t h a n  t h e r e  a r e  " d o "  - t h i n g s ,  
since problem areas are usually quite res- 
tricted in scope. 

D. R e s u l t s  o f  L a n g u a g e  D e s i g n  

1. T h e  p r i m a r y  p u r p o s e  of  a l a n g u a g e  i s  
to p r o v i d e  a m e a n s  f o r  a h u m a n  to e x p r e s s  h i m .  
s e l f  in a g i v e n  p r o b l e m  a r e a .  

If t h e  l a n g u a g e  d e s i g n  p r o c e s s  h a s  
b e e n  s u c c e s s f u l ,  t h e  v o c a b u l a r y  and  r u l e s  f o r  
m o d i f y i n g  a n d  m a k i n g  s t a t e m e n t s  w i l l  be  e a s y  
to l e a r n  a n d  n a t u r a l  to  u s e .  

2. T h e  l a n g u a g e  a l s o  s e r v e s  a n o t h e r  
v e r y  i m p o r t a n t  f u n c t i o n  w h i c h  i s  n o t  a s  e a s i l y  
r e c o g n i z e d .  I t  h e l p s  t he  h u m a n  to o r g a n i z e  h i s  
t h i n k i n g  a b o u t  t he  p r o b l e m  a r e a .  

S i n c e  the  i m p o r t a n t  f e a t u r e s  of  the  
p r o b l e m  a r e a  a r e  r e p r e s e n t e d  by  the  v a r i o u s  
p a r t s  o f  t he  l a n g u a g e ,  t h o u g h t s  a b o u t  a p a r t i c u -  
l a r  p r o b l e m  a r e  a u t o m a t i c a l l y  d i r e c t e d  a n d  
c h a n n e l e d  to t he  e s s e n t i a l s  of  t he  p r o b l e m  b y  
a t t e m p t s  to m a k e  s t a t e m e n t s  in  t he  l a n g u a g e .  

3. A l a n g u a g e  w i l l  u s u a l l y  be  in a c o n -  
s t a n t  s t a t e  of  g r o w t h  a n d  r e v i s i o n .  

A s  m o r e  a n d  m o r e  p a r t i c u l a r  p r o b -  
l e m s  a r e  e n c o u n t e r e d ,  a d d i t i o n s  to t he  " s a y "  - 
t h i n g  v o c a b u l a r y  w i l l  f r e q u e n t l y  be  n e c e s s a r y  
to  i n t r o d u c e  n e w  o b j e c t s ,  e t c . ,  i n to  t he  
l a n g u a g e .  

If i t  i s  f o u n d  t h a t  an e x p r e s s i o n  in 
t he  l a n g u a g e  o c c u r s  v e r y  f r e q u e n t l y ,  t he  e x -  
p r e s s i o n  i t s e l f  c a n  be  g i v e n  a n a m e  to  be  a d d e d  
to the  v o c a b u l a r y .  

O c c a s i o n a l l y  n e w  m o d i f i e r s w i l l  a l s o  
b e  r e q u i r e d  f o r  a p a r t i c u l a r  p r o b l e m .  T h e s e  
n e w  m o d i f i e r s  c a n  be  u s e d  w i t h  m a n y  o f  t he  
o ld  w o r d s  in t h e  v o c a b u l a r y  so  t h a t  a w h o l e  
n e w  c l a s s  of e x p r e s s i o n s  a r e  m a d e  p o s s i b l e .  

F i n a l l y ,  t he  w h o l e  p r o b l e m  a r e a  w i l l  
t e n d  to  e x p a n d  w i t h  u s a g e  so  t h a t  a d d i t i o n s  of  
" d o "  - t h i n g s  to t he  v o c a b u l a r y ,  and  e v e n  r e v i -  
s i o n  of  t he  r u l e s  f o r  m a k i n g  s t a t e m e n t s  m a y  be  
m a d e .  

E .  P r a c t i c a l  A s p e c t s  of  L a n g u a g e  D e s i g n  

1. A l t h o u g h  i d e a l l y  l a n g u a g e  d e s i g n  
s h o u l d  be  i n f l u e n c e d  o n l y  b y  the  p r o b l e m  a r e a  
a n d  the  c h a r a c t e r i s t i c s  o f  h u m a n s ,  s i n c e  the  
l a n g u a g e  i s  to be  u s e d  to a c c o m p l i s h  s o m e  t a s k  
i n v o l v i n g  a c o m p u t e r  a n d  o t h e r  m a c h i n e s  a s  
w e l l ,  a n u m b e r  of  o t h e r  f a c t o r s  n e c e s s a r i l y  
i n f l u e n c e  t h e  d e s i g n .  

A u n i v e r s a l  f a c t o r  t h r o u g h o u t  t he  
d e s i g n  p r o c e s s  i s  t h e  e c o n o m i c s  i n v o l v e d .  T h e  
a d v a n t a g e  to be  d e r i v e d  f r o m  a g i v e n  a s p e c t  of  
the  l a n g u a g e  m u s t  be  b a l a n c e d  a g a i n s t  t he  d i f f i -  
c u l t i e s  in  i n c o r p o r a t i n g  t h a t  a s p e c t  i n t o  a c o m -  
p l e t e  a n d  w o r k i n g  s y s t e m .  

Z. A w r i t t e n  f o r m  of  t h e  l a n g u a g e  m u s t  
be  d e s i g n e d  w h i c h  i s  n o t  too  c r y p t i c  to  b e  e a s i l y  
r e m e m b e r e d  a n d  u s e d  b y  the  h u m a n ,  b u t  w h i c h  
i s  r e l a t i v e l y  e a s y  f o r  a c o m p u t e r  p r o g r a m  to 
t r a n s l a t e .  

The written language should also lend 
itself readily to transcription from hand- 
written copy to the input medium of the 
compute r. 
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T h e  l a n g u a g e  s h o u l d  b e  s u f f i c i e n t l y  
r e a d a b l e  a n d  u n d e r s t a n d a b l e  t h a t  u n t r a i n e d  p e r -  
s o n n e l  c a n  p r o c e s s  t h e  s t a t e m e n t s  r e l i a b l y .  

3. T r a n s l a t i o n  p r o g r a m s  m u s t  b e  w r i t t e n  
to  r e c o g n i z e  t h e  m e a n i n g  of  s t a t e m e n t s  in  t h e  
l a n g u a g e  a n d  i n i t i a t e  a p p r o p r i a t e  c o m p u t e r  
b e h a v i o r .  

S i n c e  t h e  l a n g u a g e  i s  l i k e l y  to b e  in  a 
c o n t i n u a l  s t a t e  of  f l u x  a n d  i m p r o v e m e n t ,  i t  
s h o u l d  b e  r e l a t i v e l y  e a s y  to m a k e  t h e  c o r r e -  
s p o n d i n g  c h a n g e s  in  t h e  t r a n s l a t i o n  p r o g r a m s .  

F. C o m p u t e r - t o - H u m a n  L a n g u a g e s  

1. W h e n e v e r  a l a n g u a g e  m u s t  b e  d e -  
s i g n e d  ( a s  a b o v e )  f o r  h u m a n s  to  m a k e  s t a t e -  
m e n t s  to  c o m p u t e r s  i t  i s  a l s o  n e c e s s a r y ,  to  a 
g r e a t e r  o r  l e s s e r  e x t e n t ,  f o r  t he  c o m p u t e r  to  
m a k e  s t a t e m e n t s  b a c k  to t h e  h u m a n .  

2. It is always necessary for the com- 
puter to inform the human of any errors which 
the human has made, and which the computer 
can detect. 

T h e s e  s t a t e m e n t s  s h o u l d  b e  m a d e  
in  t h e  s a m e  l a n g u a g e  t h e  h u m a n  u s e s ,  so  t h a t  
t h e y  c a n  b e  e a s i l y  u n d e r s t o o d .  

3. O f t e n  i t  i s  d e s i r a b l e  f o r  t h e  c o m p u t e r  
to  r e p o r t  b a c k  to  t h e  h u m a n ,  i t s  p r o g r e s s  in  
s o l v i n g  t h e  p r o b l e m .  

T h e s e  s t a t e m e n t s  m a y  b e  m a d e  e i t h e r  
in  t he  f o r m  of w r i t t e n  s t a t e m e n t s  o r  p i c t u r e s .  

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

T h i s  i n f o r m a t i o n  a l l o w s  t he  h u m a n  
to  c h e c k  t h a t  h e  h a s  i n s t r u c t e d  t h e  c o m p u t e r  
p r o p e r l y .  

4. M o s t  of  t he  p o i n t s  m a d e  a b o v e  a b o u t  
l a n g u a g e  d e s i g n  a p p l y  e q u a l l y  w e l l  to  c o m p u t e r -  
t o - h u m a n  l a n g u a g e  s .  

G .  C o m p u t e r - t o - M a c h i n e  L a n g u a g e s  

1. C o m p u t e r - t o - M a c h i n e  l a n g u a g e s  a r e  
i n f l u e n c e d  b y  a d i f f e r e n t  s e t  of  c o n d i t i o n s  t h a n  
l a n g u a g e s  w h i c h  i n v o l v e  h u m a n s .  

2. T h e  p r i m a r y  c o n d i t i o n  i s  to  m a t c h  
i n p u t  a n d  o u t p u t  m e d i a  so  t h a t  a d d i t i o n a l  t r a n s -  
c r i p t i o n  a n d  p r o c e s s i n g  i s  n o t  r e q u i r e d .  

B e c a u s e  of t h e  l a r g e  i n v e s t m e n t  i n  
e q u i p m e n t  t h e r e  a r e  a g r e a t  m a n y  p r a c t i c a l  
p r o b l e m s  i n v o l v e d ,  a n d  s e v e r a l  g r o u p s  a r e  n o w  
w o r k i n g  o n  s u i t a b l e  s t a n d a r d s .  

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

t h e  r e q u i r e d  f l e x i b i l i t y  c a n  b e  a c h i e v e d  b y  c o m -  
p u t e r  p r o g r a m m i n g .  

4. A s  a b a c k l o g  of  e x p e r i e n c e  i s  b u i l t  up 
i t  m a y  p r o v e  b e s t  to  m a k e  s p e c i a l l y  d e s i g n e d  
c o m p u t e r s  f o r  m a c h i n e - t o o l  p r o b l e m s .  

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

5. PERIOD 3: THE APT JOINT EFFORT 
(January 1957 through May 1957) 

5. 1 Initial Meetings 

As I have already stated, the original 
suggestion that we get in touch with the Subcom- 
mittee for Numerical Control (SNC) of the Air- 
c r a f t  I n d u s t r i e s  A s s o c i a t i o n  (AIA) c a m e  d u r i n g  
a N o v e m b e r  7, 1956 ,  v i s i t  of  B i l l  W e b s t e r ,  o u r  
A i r  F o r c e  s p o n s o r ,  to  M I T .  I f i r s t  m a d e  c o n -  
t a c t  w i t h  t h e  SNC C h a i r m a n ,  " B a r n e y "  G a i e n n i e  
on  D e c e m b e r  4 t h  [ R 5 6 1 2 3 + 4 ] ,  a n d  b y  t h e  18 th  h a d  
r e c e i v e d  a n  i n v i t a t i o n  to t h e  J a n u a r y  21 a n d  22 
m e e t i n g  in  D a l l a s  T e x a s  [ R 5 6 1 2 1 8 ,  1 9 ] .  In m y  
r e p l y  of  D e c e m b e r  26 ,  I s u g g e s t e d  t h a t  " 2 0  to 30 
m i n u t e s  t o w a r d  t h e  e n d  of t h e  m e e t i n g  [ b e  a l l o t t e d  
to]  a s h o r t  o r a l  p r e s e n t a t i o n  of  o u r  g o a l s "  
[ C 5 6 1 2 2 6 ] .  

Don Clements and I both attended the Dallas 
meeting, and although I seem not to have received 
the official AIA minutes, my resume [R570121-25] 
on returning states, "I gave them a brief descrip- 
tion of what we were trying to do, and everybody 
seemed to be quite excited about the prospects, 
although I tried to make it clear that these things 
were probably a little bit in the future. " A sub- 
group under Jerry Jacob of Sperry Rand was 
responsible for "the computer end of things, and 
a meeting is planned ... at the end of February 
at which Lockheed, Boeing, North American, and 
Chance Vought will be represented. I will plan to 
attend this meeting and we will try to make defi- 
nite assignments for working areas at that time. " 
In the discussion, 14 companies planned to use 
IBM 704 computers, and my single yellow page 
of notes from the meeting [N570121] has a box 
drawn around the phrase, "Package APT #2 with 
language!" -- evidently my first decision to speed 
up our work to help out the industry. There also 
was considerable discussion of the desire for a 
special course, as we have already considered. 

The Computer Programmer's Meeting 
actually took place March Ist in Los Angeles, 
immediately following the Western Joint Computer 
Conference. The AIA minutes [AIA 1957a] state 
"Mr. Ross explained that these charts indicate a 
proposed program to handle the general case of 
automatic machine tool control programming. He 
invited companies interested in this effort to send 
experienced programmers to MIT and offered to 
provide guidance aimed at coding this program in 
an acceptable form for a particular general pur- 
pose computer. [I had first broached this idea to 
some Lockheed visitors at MIT on February 7 
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[ R 5 7 2 7 ] ] .  W h i l e  t he  o f f e r  w a s  g r a t e f u l l y  a c k n o w -  
l e d g e d ,  i t  w a s  d e t e r m i n e d  t h a t  m o s t  a i r c r a f t  p l a n t s  
a r e  p r e s e n t l y  u t i l i z i n g  t h e i r  c o m p u t i n g  s t a f f  m a n -  
p o w e r  to  t h e  f u l l e s t  e x t e n t  on c u r r e n t  p r o b l e m s .  
M o s t  c o m p a n i e s  i n d i c a t e d  t h a t  t h e y  w i l l  c l o s e l y  
f o l l o w  the  w o r k  d o n e  a t  M . I . T .  a n d  s e v e r a l  m a y  
u l t i m a t e l y  a c c e p t  M . I . T . ' s  o f f e r " [ p 3 ] .  So t h e  
s e e d  w a s  s o w n ,  b u t  t he  t i m e  w a s  n o t  ye t  r i p e .  

M y  own  r e s u m e  n o t e s  of  M a r c h  4 r e p o r t i n g  
on the  m e e t i n g  l e n d  a b i t  m o r e  c o l o r .  

"I  d e s c r i b e d  to  t h e m  the  w o r k  w e  h a v e  d o n e  
h e r e  a t  MIT i n c l u d i n g  r e g i o n  p r o g r a m -  
m i n g ,  a n d  a s  d i s c u s s i o n  d e v e l o p e d  I p r o -  
p o s e d  o u r  g e n e r a l i z e d  p r o g r a m m i n g  b y  
c u r v e s  s y s t e m  a n d  p a s s e d  a r o u n d  s e v e r a l  
c o p i e s  of  t he  d i a g r a m  t h a t  J e r r y  [ W e n k e r ]  
h a d  m a d e .  I f i n a l l y  w a s  a b l e  to s h o w  t h e m  
the  d i s t i n c t i o n  b e t w e e n  a s u b r o u t i n e  l i b r a r y  
a p p r o a c h  to t h i s  p r o b l e m  and  t h e  s y s t e m  
a p p r o a c h  w h i c h  w e  f o l l o w .  A n d  t h e y  a l l  
w e r e  q u i t e  h a p p y  a b o u t  t h e  s y s t e m  a p p r o a c h  
b u t  c o u l d  n o t  g e t  o v e r  the  i d e a  t h a t  i t  w a s  
m o r e  d i f f i c u l t  t h a n  a s u b r o u t i n e  l i b r a r y .  I 
b a t t l e d  w i t h  t h e m  q u i t e  s t r e n u o u s l y  on t h i s  
p o i n t  u r g i n g  t h e m  to p o o l  t h e i r  p r o g r a m m e r s  
and  a t  l e a s t  do a p r o g r a m m i n g  b y  c u r v e s  
s y s t e m  f o r  7 0 4 s .  B o e i n g  i s  m o s t l y  c o m -  
p l e t e d  w i t h  t h e i r  s u b r o u t i n e  l i b r a r y ,  h o w -  
e v e r ,  so  t h e y  a r e  q u i t e  f i r m l y  e n t r e n c h e d  
in t h i s  w a y  of  d o i n g  t h i n g s ,  a n d  t h e  f e e l i n g  
of t he  g r o u p  s e e m s  in g e n e r a l  to  b e  t h a t  
t h e y  w e r e  s o m e h o w  a f r a i d  of  t h e  s y s t e m  
a p p r o a c h  in  s p i t e  of m y  s t a t e m e n t s  t h a t  I 
e x p e c t e d  J e r r y  to  h a v e  t h e  s y s t e m  a l l  p r o -  
g r a m m e d  in  a m o n t h  on W h i r l w i n d  [ f o r  
p l a n e s  and  s p h e r e s  - -  w h i c h  s t i l l  w a s  v e r y  
o p t i m i s t i c ] .  T h e  n e t  r e s u l t s  [ s i c ]  w a s  t h a t  
s e v e r a l  s u b g r o u p s  w e r e  f o r m e d ,  one  of 
w h i c h  w i l l  be  a p l a n n i n g  g r o u p  to c o n s i d e r  
the  o v e r a l l  p r o b l e m  of  i n p u t  t r a n s l a t i o n  - 
o u t p u t  t r a n s l a t i o n  a n d  c a l c u l a t i o n s .  MIT  
is  a m e m b e r  of t h i s  g r o u p  a l o n g  w i t h  4 of  
t he  a i r c r a f t  c o m p a n i e s  . . .  A m  h o p i n g  f o r  
a n o t h e r  go a r o u n d  in  t h i s  g r o u p  to c o n v i n c e  
t h e m  t h a t  t h e  s y s t e m  a p p r o a c h  i s  r e a l l y  no  
m o r e  d i f f i c u l t  t h a n  the  s u b r o u t i n e  l i b r a r y  
a p p r o a c h  a n d  m u c h  c l e a n e r "  [ R5734]  . 

5 . 2  T h e  F a t e f u l  D e c i s i o n  

T h e r e  a r e  a l m o s t  e i g h t  w e e k s  b e t w e e n  the  
M a r c h  1 L o s  A n g e l e s  P r o g r a m m e r ' s  M e e t i n g  
a n d  t h e  A p r i l  23,  24 L o s  A n g e l e s  P r o g r a m m e r ' s  
M e e t i n g ,  f o l l o w e d  i m m e d i a t e l y  b y  the  A p r i l  25,  
26 SNC M e e t i n g .  T h e s e  a r e  s i g n i f i c a n t  m e e t i n g s ,  
f o r  on  A p r i l  26,  t he  SNC g a v e  o f f i c i a l  a p p r o v a l  to  
t he  i d e a  of  h a v i n g  MIT  l e a d  the  c o n s t r u c t i o n  of  t h e  
f i r s t  A P T  s y s t e m  b a s e d  upon  o u r  r e s e a r c h ,  b e g i n -  
n i n g  w i t h  a k i c k o f f  m e e t i n g  the  w e e k  of  M a y  20, 
1957 a t  MIT .  In the  e i g h t  w e e k s  l e a d i n g  up to 
t h e s e  m e e t i n g s  w e r e  1) t h e  p r e p a r a t i o n  f o r  a n d  
p r e s e n t a t i o n  of  t h e  t e n  c a l e n d a r  d a y  S p e c i a l  C o u r s e  
a t  M I T ,  2) t he  p r e p a r a t i o n  f o r  a n d  e x e c u t i o n  of  
two  d e b u g g i n g  t r i p s  to F l o r i d a  on the  P r e  B - 5 8  
f i r e  c o n t r o l  s y s t e m  e v a l u a t i o n  p r o j e c t  of f i v e  d a y s  
a n d  t e n  d a y s  r e s p e c t i v e l y ,  3) c o n t i n u a l  w o r k  w i t h  
t h e  p r o g r a m m e r s  on the  E d i t o r  G e n e r a t o r  and  
L o g g i n g  f e a t u r e s  of  S L U R P ,  4) w o r k  on the  A P T I I  
and  A P T  III W h i r l w i n d  p r o g r a m s ,  and  5) t he  s t a r t  

of  w r i t i n g  of  t h e  t h i r d  I n t e r i m  R e p o r t .  P e r s o n n e l  
p r o b l e m s  w e r e  a c u t e .  On F e b r u a r y  25,  G e o r g e  
Z a m e s  l e f t  t he  p r o j e c t  to  t r a n s f e r  to  t he  R e s e a r c h  
L a b  of  E l e c t r o n i c s  a t  M I T ,  on  A p r i l  15 H a r r y  
P o p l e  l e f t  f o r  s i x  m o n t h s  of A i r  F o r c e  d u t y ,  a n d  
on F e b r u a r y  25 w e  l e a r n e d  t h a t  S a m e  M a t s a  w o u l d  
l e a v e  t h e  p r o j e c t  in J u n e ,  a t  t he  e n d  of  t he  s e m e s -  
t e r  (he a c t u a l l y  l e f t  in N o v e m b e r )  [ R 5 7 1 1 2 7 ] .  
T h e r e f o r e ,  d u r i n g  t h i s  p e r i o d  I h a d  e x t e n s i v e  
m e e t i n g s  w i t h  b o t h  M a t h e  m a t i c  s and  E l e c t r i c  
E n g i n e e r i n g  D e p a r t m e n t s  a t t e m p t i n g  to  l i n e  up 
r e p l a c e m e n t  r e s e a r c h  a s s i s t a n t s  a s  q u i c k l y  a s  
p o s s i b l e  [ R 5 7 2 2 5 - 5 7 4 1 8 ] .  

I h a v e  no  r e s u m e  n o t e s  f o r  the  A p r i l  L o s  
A n g e l e s  m e e t i n g s ,  b u t  I do  h a v e  f i v e  p a g e s  of  
p e n c i l e d  n o t e s  on l i n e d  y e l l o w  p a p e r  t a k e n  a t  
t h o s e  m e e t i n g s  [ N 5 7 4 2 3 - 2 6 ] ,  a s  w e l l  a s  t he  
h a n d o u t s .  I d o n ' t  s e e m  to h a v e  a c o p y  of  t he  
o f f i c i a l  AIA m i n u t e s  of t h e  SNC m e e t i n g  f o r  
r e f e r e n c e ,  b u t  m y  r e c o l l e c t i o n  i s  q u i t e  c l e a r  
r e g a r d i n g  an  a n e c d o t e  w h i c h  in a n y  c a s e  i s  t he  
m o s t  i n t e r e s t i n g  a s p e c t  o f  t he  m e e t i n g ,  in m y  
m i n d .  On the  a f t e r n o o n  of  A p r i l  25 the  T r u T r a c e  
C o r p o r a t i o n  g a v e  a d e m o n s t r a t i o n  of  t h e i r  n e w  
n u m e r i c a l  c o n t r o l  s y s t e m  to t he  s u b c o m m i t t e e  
a n d  i n v i t e d  us  to a d i n n e r  a t  a l o c a l  r e s t a u r a n t  
f o l l o w i n g  the  d e m o n s t r a t i o n .  B y  w a y  of h o s p i -  
t a l i t y  t h e y  a r r a n g e d  an  o p e n  b a r  a t  t h e  r e s t a u r a n t  
un t i l  the  p r i v a t e  d i n i n g  r o o m  to w h i c h  we  h a d  b e e n  
a s s i g n e d  c o u l d  b e  m a d e  r e a d y .  U n f o r t u n a t e l y ,  
s o m e  l o c a l  g r o u p  s u c h  a s  R o t a r y  o r  T o a s t m a s t e r  
w a s  a l r e a d y  o c c u p y i n g  the  r o o m  and  i t  w a s  n o t  
un t i l  l a t e  in  t he  e v e n i n g  t h a t  o u r  d i n n e r  w a s  
r e a d y .  In a d d i t i o n  to  t h e  s e v e r a l  h o u r s  of  o p e n  
b a r  ( a l w a y s  w i t h  t he  c o n t i n u i n g  u n d e r s t a n d i n g  
t h a t  o u r  r o o m  w o u l d  s h o r t l y  be  a v a i l a b l e  so  " y o u  
b e t t e r  g e t  y o u r  l a s t  d r i n k  w h i l e  you c a n " )  t he  
r e s t a u r a n t  m a n a g e m e n t  i n c l u d e d  c o p i o u s  w i n e  
w i t h  t he  m e a l  to c o m p e n s a t e  f o r  t he  d e l a y .  

A s  I r e c a l l  i t ,  t he  f i r s t  t h i n g  on the  a g e n d a  
the  f o l l o w i n g  m o r n i n g  w a s  the  v o t e  to a p p r o v e  t h e  
l a u n c h i n g  of  the  A P T  J o i n t  E f f o r t . '  I h a v e  o f t e n  
w o n d e r e d  w h e t h e r  t he  r e s u l t  m i g h t  h a v e  b e e n  
d i f f e r e n t  h a d  the  T r u T r a c e  o p e n  b a r  b e e n  of  
n o r m a l  s p i g o t  r a t h e r  t h a n  f i r e h o s e  p r o p o r t i o n s .  
We w i l l  n e v e r  k n o w  f o r  i n d e e d  the  SNC v o t e  w a s  
f a v o r a b l e  a n d  A P T  w a s  o f f i c i a l l y  l a u n c h e d .  ( L a t e r  
in a M a y  10th l e t t e r  to  a t t e n d e e s  a t  the  T r u  T r a c e  
d e m o n s t r a t i o n  [ C 5 7 5 1 4 ] ,  M r .  G e o r g e  F r y ,  
P r e s i d e n t  of  T r u T r a c e ,  s t a t e s  " I w a n t  to p e r -  
s o n a l l y  a p o l o g i z e  to  you  f o r  t he  u n e x p e c t e d  d e l a y  
e n c o u n t e r e d  b e f o r e  d i n n e r ,  and  we  h o p e  t h a t  i t  
d id  n o t  c a u s e  you a n y  s e v e r e  p r o b l e m  in m a i n -  
t a i n i n g  y o u r  s c h e d u l e s .  ") (!) I t  d i d n ' t .  O u r  s c h e -  
d u l e  p r o b l e m s  w e r e  to  c o m e  l a t e r :  

T h e  m i n u t e s  of  t he  P r o g r a m m e r ' s  M e e t i n g  
( w h i c h  I do h a v e )  [ A I A  1957b] s u m m a r i z e  t he  m a i n  
s t r u c t u r e  t h a t  I p r o p o s e d  f o r  t h e  A P T  s i m u l a t e d  
c o m p u t e r  a n d  t h e n  c o n t a i n e d  the  f o l l o w i n g :  

"2. Information made available and views 
expressed: 

a) The various individual computer 
programming approaches of North 
American Aviation Co., Lockheed 
(Marietta), and Boeing, were 
examined and compared. The M.I.T. 
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b) 

p r o g r a m m i n g  c o n c e p t  w a s  r e v i e w e d  
a n d  i t  w a s  t h e  c o n c e n s u s  of  o p i n i o n  
t h a t  t h i s  a p p r o a c h  i s  m o r e  e f f i c i e n t  
in  t h e  l o n g  v i e w  due  to i t s  c a p a b i l i t y  
to  e x p a n d  a n d  t a k e  i n t o  c o n s i d e r a -  
t i o n  f u t u r e  m o r e  s o p h i s t i c a t e d  t i m e  
s a v i n g  p r o g r a m m i n g  p r o c e d u r e s .  
H o w e v e r ,  m a n y  p o i n t s  of  s i m i l a r i t y  
a n d / o r  c o m p a t i b i l i t y  w e r e  d i s -  
c o v e r e d  a m o n g  a l l  t h e  a p p r o a c h e s .  

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

e) W i t h  e a r l y  a n d  e f f e c t i v e  w o r k  b y  
e a c h  a s s i g n e e ,  i t  s h o u l d  b e  
p o s s i b l e  to  c o m p l e t e  t h e  p r o j e c t  
b y  O c t o b e r  1957 .  

f) M. I. T .  w a s  c o n s i d e r e d  to  b e  in t h e  
b e s t  p o s i t i o n  to c o o r d i n a t e  t h e  
e f f o r t s  of  a l l  p l a n t s  in  t h i s  j o i n t  
p r o g r a m m i n g  e f f o r t .  S u c h  c o o r d i -  
n a t i o n  w o u l d  i n c l u d e  a n y  n e c e s s a r y  
i n s t r u c t i o n  in  t h e  s y s t e m  c o n c e p t s ,  
d e t e r m i n a t i o n  of  i n f o r m a t i o n  on  
p r o g r e s s  a n d  r e s u l t s ,  a s s i s t a n c e  
w i t h  t e c h n i c a l  p r o b l e m s  i n s u r i n g  
c o m m o n  p h i l o s o p h i e s  a n d  c o m p a t i -  
b i l i t i e s ,  m a i n t a i n i n g  s u r v e i l l a n c e  
o v e r  i n d i v i d u a l  p r o g r e s s ,  a n d  c o o r -  
d i n a t i n g  t he  f i n a l  r e s u l t s  f o r  
d i s t r i b u t i o n . . .  " [ p3]  

A n  a t t a c h m e n t  to  t h e  m i n u t e s  " F i r s t  g r o u p  of  
c o m m o n  m a n u s c r i p t  a n d  c o m p u t e r  l a n g u a g e  t e r m s  
d e f i n e d  b y  t h e  N u m e r i c a l  C o n t r o l  D a t a  P r o c e s s i n g  
G r o u p  d u r i n g  t h e  m e e t i n g  h e l d  on  Z 3 - Z 4  A p r i l  a t  
A I A  L o s  A n g e l e s "  l i s t s  m e a n i n g s  f o r  10 b a s i c  
w o r d s  s t i l l  f o u n d  in  t h e  A P T  l a n g u a g e .  M y  s e c o n d  
p a g e  of n o t e s  f r o m  t h e  m e e t i n g  s h o w s  t h a t  c l o c k -  
w i s e  (CW)  a n d  c o u n t e r c l o c k w i s e  (CCW) c i r c l e  
d e f i n i t i o n s  of  m o t i o n  ( a s  in  S i e g e l ' s  s y s t e m )  a l s o  
w e r e  d i s c u s s e d ,  b u t  w e r e  n o t  i n c l u d e d  in  t h e  l i s t .  
M y  n o t e s  a l s o  s h o w  t h a t  56 m a n - m o n t h s  w e r e  
e s t i m a t e d  f o r  t he  O c t o b e r  1957  t a r g e t  d a t e  f o r  t h e  
f i r s t  s y s t e m ,  e x c l u d i n g  p r o j e c t  c o o r d i n a t i o n  b y  
M I T  a n d  p a r a l l e l  e f f o r t s  f o r  t h e  I B M  650 c o m p u t e r .  
U l t i m a t e l y  A F M L  d i d  p a r t i a l l y  s p o n s o r  I B M  to  
d e v e l o p  a p a r e d - d o w n  v e r s i o n  A P T ,  c a l l e d  A D A P T ,  
f o r  t h e  650  [ I B M  1 9 6 3 ] ) .  

U p o n  r e t u r n i n g  to M I T  f r o m  t h e  m e e t i n g s ,  
I w a s  g r e e t e d  b y  a l e t t e r  f r o m  J .  B .  ( B i l l )  R a n k i n  
of  C o n v a i r ,  F o r t h  W o r t h  s t a t i n g  " S i n c e  w e  r e t u r n e d  
f r o m  t h e  c o u r s e  a t  M . I . T . ,  N u m e r i c a l  C o n t r o l  
a c t i v i t y  h a s  i n t e n s i f i e d  a t  C o n v a i r ,  F t .  W o r t h ,  to  
s u c h  a n  e x t e n t  t h a t  I h a d  to  m i s s  t h e  ALA m e e t i n g  
i n  L o s  A n g e l e s .  T h e  p u r p o s e  of  t h i s  l e t t e r  i s  to  
t e l l  you  t h a t  we  h a v e  g e n e r a t e d  a n  a c u t e  i n t e r e s t  
in  y o u r  A P T  p r o g r a m .  H o w e v e r ,  we  do  n o t  w a n t  
to  b e  t h e  o n l y  p a r t i c i p a n t  . . .  " [ C 5 7 4 2 9 ] ,  to  w h i c h  
I r e p l i e d  p o s t  h a s t e  t h a t  t h e y  h a d  b e e n  a s s i g n e d  to  
w o r k  o n  t h e  " P r e p r o c e s s i n g  p o r t i o n  of  t h e  A .  I . A .  
A P T  II s y s t e m ,  w i t h  c o u n s e l  f r o m  M I T "  a n d  t h a t  I 
t h o u g h t  t h e  O c t o b e r  d a t e  w a s  " r e a l i s t i c "  a l t h o u g h  

" I t  w i l l  n o t  b e  e a s y  to c o o r d i n a t e  t h e  e f f o r t s  of  so  
m a n y  d i f f e r e n t  o r g a n i z a t i o n s ,  b u t  w i t h  t h e  f i n e  
s p i r i t  s h o w n  b y  a l l  c o n c e r n e d  I t h i n k  we  s h o u l d  b e  
a b l e  to  s u c c e e d  q u i t e  n i c e l y "  [ C 5 7 4 2 9 ] .  P r o g r a m -  
m e r s  a r e  p e r e n n i a l l y  o p t i m i s t i c .  

5 . 3  T h e  K i c k o f f  M e e t i n g  

M y  M a y  1, 1957  m e m o r a n d u m  " P r e p a r a -  
t i o n s  f o r  J o i n t  P r o g r a m m i n g  of  A I A  A P T  I I S y s t e m "  
i n v i t a t i o n  to  t h e  K i c k o f f  M e e t i n g  d e s c r i b e d  t he  
n a t u r e  of  t h e  s y s t e m ,  m e n t i o n e d  t h a t  t h e  p r o j e c t  
w o u l d  o p e r a t e  u n d e r  "a  s e m i - d e m o c r a t i c  p r o c e -  
d u r e " ,  a n d  l a i d  o u t  a n  a g e n d a  f o r  t h e  M a y  20 
t h r o u g h  M a y  24  m e e t i n g ,  c o v e r i n g  b o t h  t e c h n i c a l  
t o p i c s  a s  w e l l  a s  d e t a i l s  of  h o w  t h e  p r o j e c t  i t s e l f  
w o u l d  b e  o r g a n i z a t i o n  [ R o s s  1 9 5 7 b ] .  A t  t h e  m e e t -  
i n g  i t s e l f ,  I e x p l a i n e d  t h a t  " s e m i - d e m o c r a t i c "  
m e a n t  t h a t  we  w o u l d  h a v e  f u l l  d e m o c r a t i c  d i s c u s -  
s i o n s  a s  l o n g  a s  I f e l t  p r o g r e s s  w a s  b e i n g  m a d e  
a d e q u a t e l y  a n d  w e  w e r e  o n  t r a c k ,  b u t  w h e n  I d i d n ' t  
t h i n k  so ,  I w o u l d  i n v o k e  m v  s e m i - d e m o c r a t i c  
a u t h o r i t y  a n d  w e  w o u l d  do t h i n g s  m y  w a y  - -  w e  
h a d  a j o b  to  do .  I d o n ' t  t h i n k  I a b u s e d  t h i s  a u -  
t h o r i t y  b u t  I d i d  i n d e e d  i n v o k e  i t  a t  v a r i o u s  t i m e s  
e v e n  d u r i n g  t h e  K i c k o f f  M e e t i n g  i t s e l f  [ R 5 7 5 2 0 -  
24 ,  p 2 ] .  T h r o u g h o u t  i t s  l o n g  h i s t o r y ,  t h e  A P T  
P r o j e c t  h a d  a s t r o n g  s e n s e  of  m i s s i o n  a n d  a h i g h  
e s p r i t  de  c o r p s .  T h e  p e o p l e  i n v o l v e d  w e r e  e a g e r ,  
t a l e n t e d ,  a n d  v e r y  g o o d  to  w o r k  w i t h .  

M y  o w n  f i l e s  a c t u a l l y  c o n t a i n  v e r y  l i t t l e  
i n f o r m a t i o n  o n  t h e  K i c k o f f  M e e t i n g  i t s e l f .  I h a v e  
o n l y  o n e  p a g e  of  r e s u m e  s u m m a r i z i n g  t h e  m e e t -  
i n g  a n d  s o m e  n o t e s  t i t l e d  " W o r k i n g  G r o u p  - 
T r a n s l a t i o n  M e e t i n g ,  T h u r s d a y  A M  S e s s i o n  M a y  
23z 195Z"  w h i c h  i s  a v e r y  r o u g h  t r a n s c r i p t  
( e v i d e n t l y )  of  a D i c t a b e l t  c o p y  o f  a t a p e  r e c o r d i n g  
m a d e  d u r i n g  t h e  s e s s i o n  [ N 5 7 5 2 3 ] .  M y  r e s u m e  
s t a t e  s 

" W e  h a d  a g o o d  t u r n o u t  f o r  t h e  j o i n t  p r o -  
g r a m m i n g  e f f o r t  f o r  t h e  A . I . A .  A P T  IL  
O n e  d i f f i c u l t y ,  h o w e v e r ,  w a s  I w a s  p l a g u e d  
a n d  b e s e i g e d  b y  i n t e s t i n a l  a n d  d i g e s t i v e  
d i f f i c u l t i e s  f o r  t h e  w h o l e  w e e k  b u t  D o n  
[ C l e m e n t s ]  a n d  A r n i e  S i e g e l  a n d  D a l e  
S m i t h  of  N o r t h  A m e r i c a n  d i d  v e r y  n i c e l y  
in r u n n i n g  b o t h  p a r t s  of  t h e  m e e t i n g  w h e n  
I w a s  i n c a p a c i t a t e d .  We  m a d e  e x c e l l e n t  
p r o g r e s s  i n  d e f i n i n g  a l l  of  t h e  v a r i o u s  t a s k s  
in  [ s i c ]  b a r r i n g  a n y  d i f f i c u l t i e s  w i t h i n  
i n d i v i d u a l  p l a n t s  a b o u t  g e t t i n g  m e n  a n d  
m o n e y  a s s i g n e d  to  t h i s  w o r k .  H a d  a t a p e  
r e c o r d e r  a t  t h e  m e e t i n g s  a n d  we  g o t  m o s t  
a l l  of  t he  i m p o r t a n t  p a r t s  of  t h e  d i s c u s s i o n  
on  t a p e .  I t  t u r n e d  o u t  t h e  t r a n s l a t i o n  p r o -  
g r a m  a c t u a l l y  c o u l d  b e  m a d e  q u i t e  s t r a i g h t  
f o r w a r d  b y  s t e a l i n g  t h e  s y m b o l i c  s e c t i o n  
o u t  o f  t h e  S H A R E  a s s e m b l y  p r o g r a m  a n d  
m a k i n g  t he  l a n g u a g e  e n t i r e l y  a f u n c t i o n  of  
p u n c t u a t i o n .  C o n v a i r ,  S a n  D i e g o  f e e l s  
t h e y  c a n  h a n d l e  t h e  j o b  in  i t s  p r e s e n t  f o r m .  
M . I . T .  w i l l  h a n d l e  p r e p r o c e s s i n g  f o r  t h e  
c o n t r o l  e l e m e n t ,  s i n c e  t h a t  i n v o l v e s  m a k i n g  
up t h e  p s e u d o  i n s t r u c t i o n s  f o r  c o n t r o l  
e l e m e n t  w h i c h  w e  m u s t  d e s i g n  a n y h o w .  T h e  
o t h e r  p o r t i o n s  of  t he  s y s t e m  a p p e a r  to  b e  in  
g o o d  h a n d s  a n d  w i l l  b e  h a n d l e d  a d e q u a t e l y .  
We  e s t a b l i s h e d  a s y s t e m  of  s e m i - m o n t h l y  
r e p o r t s  to  M . I . T .  a n d  to  c o o r d i n a t i n g  
s p o n s o r s  o f  t h e  v a r i o u s  t a s k s  a n d  M. I. T .  
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w i l l  i s s u e  m o n t h l y  r e p o r t s  to  t h e  e n t i r e  
g r o u p  a n d  t he  A . I . A .  a s  w e l l .  T h e  f i r s t  
one  i s  to  b e  due  f o r  t h e  D e n v e r  m e e t i n g .  
D u r i n g  t he  m e e t i n g  we  r e v i s e d  t h e  r a d i u s  
of c u r v a t u r e  c a l c u l a t i o n  f o r  t he  A P T  II  
s y s t e m  to c o r r e s p o n d  to  t h a t  of  A P T  III  
a n d  a l s o  d e c i d e d  t h a t  a m o r e  s o p h i s t i c a t e d  
c h e c k  s e r v i c e  c a l c u l a t i o n  i s  r e q u i r e d .  I 
h a v e  j u s t  d e v e l o p e d  a c h e c k  s u r f a c e  c a l c u l a -  
t i o n  . . .  " A n d  r e g a r d i n g  t h e  l a n g u a g e  i t s e l f :  
" S i n c e  we  a l s o  l e f t  t h e  T r a n s l a t i o n  P r o g r a m  
c o m p l e t e l y  i n d e p e n d e n t  of  s p e l l i n g  of  w o r d s  
e t c .  w e  c a n  t h r o w  t h e  p r o b l e m  of  m a c h i n e  
t o o l  p r o g r a m m i n g  l a n g u a g e  b a c k  i n t o  t h e  
l a p s  of  B e n e t a r  a n d  C a r l b e r g .  I s h o u l d  do  
s o  in  a l e t t e r  d e s c r i b i n g  t h e  s t r u c t u r e  of  
t h e  t r a n s l a t i o n  p r o g r a m "  [ R 5 7 5 2 0 - 2 4 ] .  

S i n c e  t h i s  p a p e r  c o n c e r n s  t h e  h i s t o r y  of  t h e  
A P T  L a n g u a g e  r a t h e r  t h a n  of  A P T  i t s e l f ,  I w i l l  n o t  
go i n t o  t h e  s t r u c t u r i n g  of  t h e  p r o j e c t  o r  h o w  t h e  
s y s t e m  a n d  w o r k  w a s  o l ~ g a n i z e d  e x c e p t  w h e n  t h e y  
i n f l u e n c e d  t he  s y n t a x  o r  s e m a n t i c s  of  t he  l a n g u a g e .  
( E a c h  c o m p a n y  a s s i g n e d  s i x - c h a r a c t e r  s y m b o l s  
b e g i n n i n g  w i t h  t h e i r  u n i q u e  c o m p a n y  l e t t e r ,  f o r  
i n t e r f a c e s ,  a n d  e a c h  p r o g r a m m e r  s p e c i f i e d  h i s  
r e q u i r e d  i n p u t s  e t c .  [ R 5 7 4 ( s i c ) Z 9 ,  p 3 ] ) .  S t a r t i n g  
w i t h  5 u n e  14, 1957,  a s e r i e s  of  "ZD A P T  I I "  
m e m o r a n d a  s u m m a r i z e d  b o t h  t e c h n i c a l  a n d  p r o j -  
e c t  c o o r d i n a t i o n  m a t t e r s  in  a s e r i e s  e n d i n g  w i t h  
m y  " P o s t  C o o r d i n a t o r s  R e p o r t  r e  P h a s e  I S y s t e m "  
of  J u l y  25 ,  1958.  

6. PERIOD 4: THE ORIGINS OF APT 
LA NG UA GE 
(May24, 1957 to lune 14, 1957) 

I d i d  t he  b a s i c  d e s i g n  of  t h e  A P T  l a n g u a g e  
l i t e r a l l y  o v e r  o n e  w e e k e n d  - -  n o t  b y  d e s i g n ,  b u t  
o u t  of  n e c e s s i t y .  H o w  t h a t  c a m e  a b o u t  i s  a s  
f o l l o w s .  

6. 1 P r i o r  L a n G u a g e  S u g g e s t i o n s  

I h a d ,  of  c o u r s e ,  the  i n f l u e n c e  of  S i e g e l ' s  
l a n g u a g e ,  a n d  o u r  S p e c i a l  C o u r s e  p r e p a r a t i o n  
d i s c u s s i o n s .  B u t  a l s o ,  a t  t h e  M a r c h  1 P r o g r a m -  
r e e f ' s  M e e t i n g ,  B o e i n g  h a n d e d  o u t  a s l i g h t l y  u p -  
d a t e d  d e s c r i p t i o n  of  t h e i r  " N u m e r i c a l  C o n t r o l  
L i b r a r y  R o u t i n e s "  [ B o e i n g  1957b]  { a l s o  p r e s e n t e d  
in  t h e  D a l l a s  M e e t i n g )  a n d  a l s o  a o n e  p a g e  " P a r t  
P r o g r a m m i n g  L a n g u a g e  N u m e r i c a l  C o n t r o l  P r o -  
g r a m  - T e n t a t i v e "  ( F e b r u a r y  Z7,  1 9 5 7 ) [ B o e i n g  
1 9 5 7 a ] .  S e v e r a l  of  the  A P T  w o r d s  s u c h  a s  
S E T P T  ( s e t  p o i n t ) ,  T R A C O  { T r a n s f o r m  c o o r d i -  
n a t e s ) ,  O N K U L ,  OFFKUL ( c o o l a n t  on  a n d  of f ) ,  a s  
w e l l  a s  X L A R G ,  X S M A L  ( l a r g e  a n d  s m a l l  X c o o r -  
d i n a t e s  f o r  m u l t i p l e  i n t e r s e c t i o n s )  s e e m  to  h a v e  
c o m e  f r o m  t h i s  l i s t ,  f o r  I do  n o t  r e m e m b e r  t h e s e  
f i v e - l e t t e r  s p e l l i n g s  b e i n g  b a n d i e d  a b o u t  a t  M_IT 
e a r l i e r .  A l s o  in  p r e p a r a t i o n  f o r  t h e  A p r i l  2 3 - 2 4  
P r o g r a m m e r  M e e t i n g ,  I r e c e i v e d  a M a r c h  Z7 
l e t t e r  w i t h  a t t a c h m e n t s  A t h r o u g h  FF f r o m  E d  
C a r l b e r g  of  B o e i n g  [ C a r l b e r g  1957]  s t a t i n g  " I t  
s h o u l d  b e  o u r  g o a l  to  p r e s e n t  to  t h e  SNC on  A p r i l  
25 a u n i t e d  S t e e r i n g  C o m m i t t e e  o p i n i o n  a n d / o r  
r e c o m m e n d a t i o n  in  t h e  f i e l d  of  d a t a  p r o c e s s i n g  
c o m p a t i b i l i t y ,  w i t h  t he  f u r t h e r  g o a l  of  o b t a i n i n g  
i n d u s t r y  c o n c u r r e n c e  a t  t h e  n e x t  S t u d y  G r o u p  
m e e t i n g  in M a y .  " A t t a c h m e n t  A i s  a t e n  p a g e  

p a p e r  o n  " N u m e r i c a l  C o n t r o l  C o m p a t i b i l i t y "  in  
w h i c h  E d  s t r e s s e s  c o m p a t i b i l i t y  w i t h  a m i n i m u m  
of s t a n d a r d i z a t i o n .  He o u t l i n e s  13 s t e p s  g o i n g  
f r o m  t h e  e n g i n e e r i n g  d r a w i n g  to  t h e  m a c h i n e  t o o l  
a n d  f i n d s  t h a t  t h e  " m a n u s c r i p t s  [ w i l l ]  a l l o w  the  
g r e a t e s t  f l e x i b i l i t y  in  c o m p a t i b i l i t y  a n d  w i l l  b e  t h e  
e a s i e s t  i t e m  to e x c h a n g e  of  a n y  of  t he  p o s s i b l e  
p o i n t s "  [ p 5 ] .  He g o e s  on :  

" S t a n d a r d i z i n g  o n  t h e  d e f i n i t i o n s  i s  of  m u c h  
g r e a t e r  i m p o r t a n c e  t h a n  on  t he  a c t u a l  w o r d  
i t s e l f .  If  o n e  p l a n t  c a l l s  i t  a ' c u r v e '  a n d  
a n o t h e r  a ' c i r c l e ' ,  t h i s  m e a n s  o n l y  m i n o r  
r e - p r o g r a m m i n g  o r  m a n u a l  r e v i s i o n s  to t h e  
m a n u s c r i p t  in  o r d e r  to t r a d e  m a n u s c r i p t s .  
B u t  i f  t he  d e f i n i t i o n  i s  n o t  s t a n d a r d ,  t h e n  a 
c o m p l e t e  n e w  m a n u s c r i p t  s t a r t i n g  f r o m  the  
p a r t  d r a w i n g  i s  r e q u i r e d .  T h e  n u m b e r  of  
w o r d s  in  a l a n g u a g e  w i l l  v a r y  f r o m  p l a n t  to  
p l a n t . . .  C e r t a i n l y  a l l  t h e  SNC c a n  do  a t  t h i s  

• o i n t  i s  to  e s t a b l i s h  a m i n i m u m  l a n g u a g e . . .  
p 6 ] ,  T h e  o t h e r  p o s s i b l e  c o m p a t i b i l i t y  p o i n t s  

( e x c e p t  t h e  s u b r o u t i n e  l i b r a r y )  [ h a v e ]  u n -  
n e c e s s a r y  r e s t r i c t i o n s  in  t he  d a t a  p r o c e s s i n g  
w i t h o u t  c o m p e n s a t i n g  b e n e f i t s . . .  [ p 7 ] .  T h u s  
t h e r e  w o u l d  s e e m  to b e  n o  p o i n t  in  p u r s u i n g  
t h e  s t u d y  of  c o m p a t i b i l i t y  p o i n t s  b e y o n d  t he  
m a n u s c r i p t s "  [ p8]  . 

He  t h e n  g o e s  on  to  e m p h a s i z e  a l s o  t he  n e e d  f o r  
s u b r o u t i n e  " e n t r y - e x i t  ( o r  f r o n t  e n d ) "  c o m p a t i b i l i t y  
so  t h a t  " p l a n t s  c a n  i n t e r c h a n g e  t h e s e  d e t a i l  s u b -  
r o u t i n e s ,  w i t h  o n l y  m a i n  c o n t r o l  m o d i f i c a t i o n s  
r e q u i r e d "  [ p 9 ] .  I n t e r e s t i n g l y  e n o u g h ,  he  f i n i s h e d  
" O f  t he  two ,  t h e  t r a d i n g  of  p a r t s  i s  m u c h  m o r e  
i m p o r t a n t  f r o m  a l o n g  r a n g e ,  n a t i o n a l  d e f e n s e  
s t a n d p o i n t .  T h i s  c o m p a t i b i l i t y  s h o u l d  r e c e i v e  t h e  
b u l k  of  o u r  a t t e n t i o n "  [ p l 0 ] .  T o  t h i s  d a t e ,  h o w -  
e v e r ,  p a r t  p r o g r a m  p o r t a b i l i t y  i s  j u s t  a s  d i f f i c u l t  
a n d  r a r e  a s  c o m p u t e r  p r o g r a m  p o r t a b i l i t y .  B u t  a s  
t h i s  s h o w s ,  i n i t i a l l y  t he  i n d u s t r y  d i d  n o t  d e s i r e  
t h e  c o n s t r a i n t  of  a s t a n d a r d  l a n g u a g e  b u t  w a n t e d  
to a c h i e v e  c o m p a t i b i l i t y  w h i l e  r e t a i n i n g  f r e e d o m  
to c h o o s e  t h e  w o r d s .  

A t t a c h m e n t s  B a n d  C p r o v i d e d  d e f i n i t i o n s  
f o r  t h e  l i s t  o f ' w o r d s  r e f e r e n c e d  p r e v i o u s l y  in  t h e  
M a r c h  1 P r o g r a m m e r ' s  M e e t i n g ,  s h o w i n g  t h a t  t h e  
B o e i n g  l a n g u a g e  w a s  f i x e d - c o l u m n  c a r d  f o r m a t ,  
i n v o k i n g  p r o g r a m  s e l e c t i o n  f r o m  the  s u b r o u t i n e  
l i b r a r y  a p p r o a c h .  I t e m s  D a n d  E t h e n  a p p l y  t h i s  
to  t he  p r e p a r a t i o n  of  a " m a n u s c r i p t "  f o r  t h e  A I A  
T e s t  P i e c e ,  a n  a l u m i n u m  p a r t  w i t h  c u r v e s  a n d  
p o c k e t i n g  w h i c h  h a d  e a r l i e r  b e e n  e s t a b l i s h e d  b y  
t he  S N C .  A t t a c h m e n t  FF p r e s e n t e d  B o e i n g  s u b -  
r o u t i n e  s t a n d a r d s  f o r  t h e  I B M  704.  

A m o n g  t he  a s s i g n m e n t s  m a d e  a t  t h e  L o s  
A n g e l e s  m e e t i n g s  in  A p r i l  h a d  b e e n  o n e  to  V i c  
B e n e t a r  of  L o c k h e e d ,  G e o r g i a  to  p r o p o s e  t h e  
" s t a n d a r d  m a n u s c r i p t  l a n g u a g e . "  On M a y  15, I 
r e c e i v e d  h i s  i n i t i a l  r e c o m m e n d a t i o n s  f o r  u s e  i n  t h e  
m e e t i n g  [ B e n e t a r  1 9 5 7 ] .  T h e  l i s t  of  10 w o r d s  h a d  
n o w  g r o w n  to  17 i n c l u d i n g  s o m e  w h i c h  m a y  h a v e  
c o m e  f r o m  t h e  B o e i n g  l i s t  m e n t i o n e d  e a r l i e r .  V i c  
a l s o  r e c o m m e n d e d  7 f o r m s  of  c i r c l e  d e f i n i t i o n ,  10 
f o r m s  of  l i n e s ,  8 f o r m s  of  p o i n t s ,  a n d  a g e n e r a l  
c u r v e  g i v e n  b y  a l i s t  of  p o i n t s .  T h e  l i s t  of  w o r d s  
i s  m o r e  c l o s e l y  r e l a t e d  to S i e g e l ' s  l a n g u a g e  t h a n  
A P T ,  h o w e v e r ,  f o r  L I N E  a n d  C I R C C  w e r e  r e c o m -  
m e n d e d  f o r  m o v i n g  a l o n g  a l i n e  o r  c o u n t e r c l o c k w i s e  
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around a circle, and as in Siegel's system all 
the symbolic names for circles began with C, lines 
began with S, and points began with P. Although 1 
am sure this proposal must have been discussed 
somewhat, I cannot recall being influenced by it in 
my initial design of the APT language. 1 remember 
feeling that since Benetar's suggestions" carried 
none of the flavor of our three-dimensional, more 
generalized work, 1 would have to suggest the basic 
language form myself if things were to match up 
right in the long run. Although I said in my Friday, 
May 24 resume "we can throw the problem of ma- 
chine tool programming language back in the laps 
of Benetar and Carlberg. I should do so in a letter 
describing the structure of the translation program" 
[R57524], over the weekend I instead wrote my own 
language, on May 25 and 26, 1957. 

6 . 2  T h e  F i r s t  L a n g u a g e  M e m o  

M e m o r a n d u m  2D A P T  I I - 2 ,  d a t e d  / u n e  14, 
1957,  i s  t h e  f i r s t  A P T  l a n g u a g e  d e f i n i t i o n .  T h e  
m e m o  i s  t i t l e d  "A P r o p o s e d  A P T  L a n g u a g e  f o r  the  
2D A P T  II"  b y  D o u g l a s  T.  R o s s ,  [ s i g n i f y i n g  a t w o .  
d i m e n s i o n a l ,  c u r v e  p r o g r a m m i n g ,  A P T  s y s t e m  
l a n g u a g e ] [ R o s s  1 9 5 7 e ] .  My r e s u m e s  i n d i c a t e  t h a t  
i t  a c t u a l l y  w a s  p r i m a r i l y  w r i t t e n  o v e r  t he  ' w e e k e n d  
of  M a y  25 a n d  26 ( a s  I h a v e  d e s c r i b e d  m a n y  t i m e s  
f r o m  m e m o r y  o v e r  t he  i n t e r v e n i n g  y e a r s ) .  T h e  
r e s u m e  f o r  M a y  27 s a y s  

" S t a r t e d  w o r k i n g  ou t  a l a n g u a g e  f o r  t he  
AIA A P T  II to s u g g e s t  to B e n e t a r  on  t h e  
b a s i s  of  t h e  r e s u l t s  o f  o u r  [ k i c k o f f ]  
m e e t i n g .  I h a v e  d e c i d e d  t h a t  we  p r o b a b l y  
s h o u l d  h a v e  m u l t i p l e  w o r d s  in t he  m a j o r  
w o r d  p o r t i o n  of t he  i n s t r u c t i o n s  a n d  t h e s e  
s e c t i o n s  w i l l  be  s e p a r a t e d  b y  c o m m a s .  In 
t h i s  w a y  a l l  o f  the  i n s t r u c t i o n s  m o d i f y i n g  
the  m a i n  i n s t r u c t i o n  w i l l  a p p e a r  on the  
s a m e  c a r d .  If n o t  s t a t e d ,  t h e y  w i l l  r e m a i n  
the  s a m e  a s  b e f o r e .  T h i s  c a n  e a s i l y  be  
p r o g r a m m e d  b y  h a v i n g  i n d i c a t o r s  s e t  
w h e n e v e r  a w o r d  o c c u r s  a n d  e a c h  p r o g r a m  
w i l l  c h e c k  w i t h  t h e s e  i n d i c a t o r s  w h e n  
a p p r o p r i a t e .  I h a v e  a l s o  d e c i d e d  n o t  to  
s t o r e  i n s i d e - o u t s i d e  i n f o r m a t i o n  w i t h  
s u r f a c e s  f o r  t h i s  s y s t e m ,  s i n c e  i t  i s  
e a s i e r  to  m e r e l y  s a y  w h e r e  t he  t o o l  
s h o u l d  go.  In o u r  f i n a l  s y s t e m  we  s h o u l d  
h a v e  b o t h  p o s s i b i l i t i e s .  In a p l a c e  w h e r e  
q u e s t i o n s  a r i s e  s u c h  a s  p l a n e s  w h e r e  i t  i s  
n o t  r e a l l y  s u r e  w h i c h  i s  t he  i n s i d e  o r  the  
o u t s i d e  in  the  c a n o n i c a l  f o r m  [ t h i s ]  c a n  
be  h a n d l e d  a g a i n  in t e r m s  of  the  n o r m a l .  
I s u p p o s e  i t  c o u l d  be  h a n d l e d ,  h o w e v e r ,  b y  
s a y i n g  w h e t h e r  you  go t h r o u g h  the  s u r f a c e  
o r  j u s t  up to  t he  s u r f a c e  w h e n  you r e a c h  i t .  
I w i l l  s u m m a r i z e  t h e s e  c o n s i d e r a t i o n s  in a 
l e t t e r  a n d  s e n d  i t  to V i c  a n d  s u g g e s t  t h a t  
t h e  c o m p l e t i o n  of  t h e  l a n g u a g e  be  a f u n c t i o n  
of  t h e  s u b c o m m i t t e e  a n d  h e  w i t h  t he  h e l p  
of C a r l b e r g  m i g h t  c o n s i d e r  t h e m s e l v e s  a 
p r o j e c t  g r o u p  f o r  t h i s  t a s k "  [ R 5 7 5 2 7 ] .  

I n e v e r  f o l l o w e d  t h r o u g h  w i t h  t h e  l e t t e r ,  s i n c e  I 
d i d  t he  m e m o  i n s t e a d .  T h e  r e f e r e n c e  to g o i n g  
" t h r o u g h  the  s u r f a c e  o r  j u s t  up to  the  s u r f a c e "  
l a t e r  b e c a m e  GO P A S T  a n d  GO TO ( a l o n g  w i t h  
GO ON) to  c o n t r o l  t he  c h e c k  s u r f a c e  c a l c u l a t i o n .  

B e c a u s e  of  i t s  h i s t o r i c a l  i m p o r t a n c e ,  t he  
6 - p a g e  i n i t i a l  l a n g u a g e  d e f i n i t i o n  m e m o r a n d u m  i s  
i n c l u d e d  h e r e  in  i t s  e n t i r e t y .  T h e  g e n e r a l  t y p e s  
of  A P T  l a n g u a g e  s t a t e m e n t s  s t i l l  a p p l y  t o d a y ,  w i t h  
t h e  u s e  of m o d i f i e r  w o r d s  s e p a r a t e d  f r o m  p a r a m -  
e t e r s  b y  a s l a s h  a n d  the  i n c o r p o r a t i o n  of  u s e f u l  
d e f a u l t  c a s e s ,  ( w h i c h  w e  a l w a y s  h a v e  p r e f e r r e d  to  
c a l l  " n o r m a l "  c a s e s . ' }  

M A S S A C H U S E T T S  I N S T I T U T E  O F  
T E C H N O L O G Y  

S e r v o m e c h a n i s m s  L a b o r a t o r y  
C a m b r i d g e  39, M a s s a c h u s e t t s  

M e m o r a n d u m  2D A P T  I I - 2  

SUBJECT: A Proposed Basic Language For 
The 2D APT II 

FROM: Douglas T. Ross 

DATE: June 14, 1957 
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The following pages present the 
format and vocabulary of a proposal language 
for the 2D APT II System. The format is 
defined by the types of statements which can 
be made in the language. Notice that the 
character space is completely ignored and 
that use is made of space in the vocabulary 
to provide easy readability. Since card 
format is to be variable field, the double 
dollar sign indicates the termination of a 
s t a t e m e n t ,  a n d  a c o m p l e t e  s t a t e m e n t  n e e d  
n o t  a p p e a r  on a s i n g l e  c a r d .  T h e  f o r m  of  
i n s t r u c t i o n s  h a v e  b e e n  c h o s e n  f o r  g e n e r a l i t y  
a n d  f o r  e a s e  in  c o n v e r t i n g  in to  t h e  c o d e d  f o r m  
r e q u i r e d  f o r  t h e  i n i t i a l  c o n t r o l  e l e m e n t  p r o -  
g r a m .  N o t i c e  t h a t  t he  t y p e  of c u r v e  w h i c h  i s  
to b e  f o l l o w e d  i s  d e r i v e d  f r o m  the  d e f i n i t i o n s  
of  t he  s y m b o l s  u s e d .  T h e  m o d i f i e r s  DNT C T  
a n d  T E R M  p e r m i t  s y m b o l i c  p o s i t i o n i n g  of  a 
t o o l  a n d  e s t a b l i s h  m e a n i n g s  of  l a t e r  m o d i f i e r s .  
F o r  t h e  i n i t i a l  s y s t e m  a t  l e a s t  i t  w i l l  n o t  b e  
p o s s i b l e  to u s e  N E A R  a n d  F A R  in d e f i n i t i o n s  
s i n c e  t h e  p r e p r o c e s s i n g  p r o g r a m s  w i l l  n o t  
h a v e  a n y  m e a n s  f o r  d e t e r m i n i n g  the  c u r r e n t  
o u t p u t  p o s i t i o n  so  t h a t  t h e  w o r d s  N E A R  a n d  
F A R  w o u l d  h a v e  no  m e a n i n g /  N o t e  t h a t  i t  i s  
p o s s i b l e  to  i n c l u d e  a n u m b e r  w h i c h  s p e c i f i e s  
f e e d r a t e  in  a n y  s t a t e m e n t  i m m e d i a t e l y  p r e -  
c e d i n g  the  d o u b l e  d o l l a r  s i g n .  In o r d e r  to 
s i m p l i f y  the  e x a m i n a t i o n  of  t h e  n u m b e r  of  
p a r a m e t e r s  f o r  a u t o m a t i c  s e l e c t i o n  of p r e -  
p r o c e s s i n g  r o u t i n e s  i t  m a y  be  d e s i r a b l e  to 
p r o c e e d  f e e d r a t e  b y  a n  a d d i t i o n a l  " / "  so  t h a t  
f e e d r a t e  i s  u n i q u e l y  s h o w n .  To  a s s i s t  in t he  
i n t e r p r e t a t i o n  of  t h e  l a n g u a g e  an  e x a m p l e  i s  
g i v e n  on the  l a s t  p a g e .  T h e  p r o g r a m m i n g  f o r  
the  e x a m p l e  w o u l d  r e a d  in E n g l i s h  a s  f o l l o w s :  

" E x e c u t e  t he  f o l l o w i n g  i n s t r u c t i o n s  a t  a 
f e e d r a t e  of  80 i n c h e s  p e r  m i n u t e .  F r o m  p o i n t  
P ,  d o n ' t  r e c o r d  c u t t e r  c o o r d i n a t e s ,  b u t  go to 
p o i n t  Q.  W i t h  the  t o o l  on  t h e  l e f t ,  d o n ' t  r e c o r d  
c u t t e r  c o o r d i n a t e s ,  b u t  go l e f t  on  A to t h e  n e a r  
i n t e r s e c t i o n  of  A a n d  B.  T h e n  go l e f t  on B to  
C, go r i g h t  on C to  D, go l e f t  on D to  E " .  
( N o t i c e  t h a t  t h e  n e a r  i n t e r e s e c t i o n  h a s  b e e n  
u s e d  in  a l l  c a s e s  b e c a u s e  i f  no  s p e c i f i c a t i o n  of  
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N E A R  o r  F A R  i s  g i v e n ,  N E A R  i s  a s s u m e d  b y  
d e f i n i t i o n ) .  " C r o s s  c u r v e  E a n d  go a l o n g  F to  
t he  f a r  i n t e r s e c t i o n  of  G. T h e n  go c l o c k w i s e  
on  G to t h e  n e a r  i n t e r s e c t i o n  of  G a n d  H,  a n d  
c o u n t e r c l o c k w i s e  on  H to  t h e  ( N E A R )  i n t e r -  
s e c t i o n  of  H a n d  I. C o n s i d e r i n g  t he  ~ool to be  
on t h e  r i g h t ,  t e r m i n a t e  a s  t h o u g h  y o u  w e r e  to 
go l e f t  on I, t h e n  s t o p .  T h i s  i s  t he  e n d  of  t he  
p r o g r a m " .  

LANGUAGE FORMAT 

A. TYPES OF S T A T E M E N T S  

D e f i n i t i o n  

S y m b o l  = M o d i f i e r  . . . . .  M o d i f i e r ,  
N a m e / P a r a m e t e r  . . . . .  
Parameter $$ 

= , , , , I  . . . .  $$ 

Non-Definition 

Symbol ) Modifier ..... Modifier, 
Instruction / Parameter ..... Parameter 
$$ 

) . . . .  / . . . .  $$  

P a r a m e t e r  D e f i n i t i o n  

S y m b o l  ) M o d i f i e r  . . . . .  M o d i f i e r ,  
Parameter Name = Parameter,..., 
Parameter $$ 

) . . . .  = . . . .  $$  

S p e c i a l  W o r d s  

S y m b o l  ) M o d i f i e r  . . . . .  M o d i f i e r ,  W o r d  
$$ 

) . . . .  $$  

Synonyms 

Symbol = ~ a r a m e t e r  or Symbol $$ 

= $$ 

B. INSTRUCTIONS 

Terminated by ", " or "/" 

FROM S 
Defines c u r r e n t  c u t t e r  l o c a t i o n  S. S m u s t  
b e  a p o i n t  

GO TO S 
Move cutter center to S. S must be a 
point ~X 

o~o sL oL~ s, 

GO LFT SI, S2 ,, x~/,~ 
GO RGT SI,$2 
Go left or Right on curve S1 until $2 is 
reached. 

( T h e s e  i n s t r u c t i o n s  a r e  u s u a l l y  u s e d  to  
go f r o m  o n e  c u r v e  to t h e  n e x t .  If  o n l y  
one  s y m b o l  i s  g i v e n ,  i t  i s  i n t e r p r e t e d  
a s  t he  n e w  $2 ,  a n d  S1 i s  t a k e n  to  be  
t h e  p r e v i o u s  $2 .  ) o sz 

owDva ~ s z  
GO Fw ...... S I, $2 ,,,4..~ [ 
Go SAK BACI< Sl, S2 /o,,f~ . . . .  

[in o r i g i n a l ] C r o s s  o n t o  S1 a n d  go f o r w a r d  u n t i l  SZ i s  
r e a c h e d .  B a c k  up o n t o  S1 a n d  go in  
r e v e r s e  d i r e c t i o n  u n t i l  $2 i s  r e a c h e d .  
( T h e s e  i n s t r u c t i o n s  a r e  u s e d  w h e n  c u r v e s  
a r e  t a n g e n t  o r  i n t e r s e c t  a t  s m a l l  a n g l e s .  
T w o  s y m b o l s  a r e  a l w a y s  r e q u i r e d .  ) 

G O  C L W  S 1 , $ 2  
G O  C G W  S 1 , S Z  
Go c l o c k w i s e  o r  c o u n t e r c l o c k w i s e  on  S1 
u n t i l  $2 i s  r e a c h e d .  ( T h e s e  i n s t r u c t i o n s  
a r e  t r e a t e d  a s  t h e  a p p r o p r i a t e  o n e  o f  t h e  
p r e v i o u s  f o u r  i n s t r u c t i o n s .  ) If o n l y  o n e  
s y m b o l  i s  g i v e n  i t  i s  i n t e r p r e t e d  a s  t h e  
n e w  $2 ,  a n d  S1 i s  t a k e n  to  be  t h e  p r e v i o u s  
$2 i f  G O  LFFT o r  G O  R G T  a r e  a p p r o p r i a t e ;  
a n  a l a r m  i s  g i v e n  if  C R O S S  o r  B A C K  a r e  
a p p r o p r i a t e .  ) 

P S  IS S 1 
DS IS S 1 
CS IS S1 
P a r t ,  d r i v i n g ,  o r  c h e c k  s u r f a c e  i s  S1 

C. MODIFIERS 

Terminated by ", " or "/" 

TL RGT ~ 
TL LFT e 
C u t t e r  ( too l )  to r i g h t  o r  l e f t  of  c u r v e  
w h e n  l o o k i n g  in  d i r e c t i o n  of  m o v e m e n t .  
T h e s e  w o r d s  a l s o  m o d i f y  a l l  f o l l o w i n g  
i n s t r u c t i o n s .  

D N T  C T  
D o n ' t  c u t  f o r  t h i s  i n s t r u c t i o n  o n l y .  
( T h i s  m o d i f i e r  i s  u s e d  to  p r e v e n t  s t o r a g e  
of  c u t t e r  c o o r d i n a t e s ,  e t c . ,  f o r  t he  i n -  
s t r u c t i o n  w h i c h  i t  m o d i f i e s .  T h e  i n s t r u c -  
t i o n ,  t h e r e f o r e ,  h a s  t h e  s o l e  f u n c t i o n  of  
e s t a b l i s h i n g  c u t t e r  p o s i t i o n  a n d  d i r e c t i o n  
f o r  l a t e r  l e f t ,  r i g h t ,  e t c . ,  i n s t r u c t i o n s . )  

T E R M  
T e r m i n a t e  t h e  s e q u e n c e  of  c u t t e r  m o t i o n s  
a s  t h o u g h  t h i s  i n s t r u c t i o n  w e r e  to  be  
e x e c u t e d  n e x t .  A p p l i e s  o n l y  to  t h i s  
i n s t r u c t i o n .  ( T h i s  m o d i f i e r  i s  t he  cQn-  
v e r s e  to D N T  C T  s i n c e  i t  d e f i n e s  t h e  e n d  
p o s i t i o n  of  t h e  c u t t e r .  If  o n l y  o n e  s y m b o l  
i s  u s e d  in  t h e  i n s t r u c t i o n  b e i n g  m o d i f i e d  
t he  m o d i f i e r  T E R M  c a u s e s  i t  to be  i n t e r -  
p r e t e d  a s  S1 n o t  a s  $2 a s  in  t h e  u s u a l  
c a s e .  ) 

N E A R  
F A R  
G o  on S1 u n t i l  t h e  n e a r  o r  f a r  i n t e r s e c t i o n  
o f  S1 a n d  $2 i s  r e a c h e d ,  w i t h  r e s p e c t  to  
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the specified direction of motion. "NEAR" 
will give the first intersection, "FAR" 
will give the second intersection, "FAR, 
FAR" will give the third intersection, etc. 
(If no specification of NEAR or FAR is 
given, NEAR is assumed. "NEAR, FAR" 
or "NEAR, NEAR" will give a translation 
alarm, but will be treated as NEAR alone.) 

D. DEFINITION NAMES 

Terminated by ", " or "/" 

C I R C L  C i r c l e  
E L I P  S E l l i p s e  
P A R A B  P a r a b o l a  
H Y P R B  H y p e r b o l a  
LINE Line 
pOINT Point 
CURVE Curve 
INT OF Intersection of 

TAN TO Tangent to 
SpHER Sphe re 
PLANE Plane 
QDRC Quadric 
SURFC Surface 
ZFNX[ Z = F(X,Y) 
Y FN X Y = F(X) 
CONE Right circular cone 
C YLNR Right circular cylinder 
CTR OF Center of 

Note: Each of these names has an 
associated canonical form, 
hut preprocessing allows data 
to be given in other forms in 
many cases• 

E. DEFINITION MODIFIERS 

Terminated by ", " or "/" 

1 
T 

F .  

I n t e g e r s  t e l l  w h i c h  of  s e v e r a l  p r e p r o c e s s .  
i n g  p r o g r a m s  to  u s e  w i t h  t h e  n a m e  b e i n g  
m o d i f i e d .  N o t  n e e d e d  if  d a t a  f o r m a t  
d i s t i n g u i s h e s  c a s e s .  

L A R G  X ( o r  Y o r  Z)  
S M A L  X ( o r  Y o r  Z) 
P O S  X ( o r  Y o r  Z) 
N E G  X ( o r  Y o r  Z) 
T h e s e  m o d i f i e r s  a r e  u s e d  w i t h  I N T  O F  o r  
T A N  T O  to t e l l  w h i c h  of  m u l t i p l e  i n t e r -  
s e c t i o n s  o r  t a n g e n t s  to  u s e .  A s  m a n y  
m a y  be  u s e d  a s  n e c e s s a r y .  

P A R A M E T E R  N A M E S  

Terminated by " = "  

T O L  N 
M a x i m u m  a l l o w a b l e  d e v i a t i o n  f r o m  t h e  
d e f i n e d  c u r v e  = N 

T L  DIA N 
T L  R A D  N 
D i a m e t e r  o r  r a d i u s  of  c u t t e r .  
o r  f a c e  o r  e n d  m i l l )  

( F o r  b a l l ,  

CR  R A D  N 
C o r n e r  r a d i u s  of  c u t t e r  

G.  

T L  1 ( o r  2 o r  . . . )  N 1 ,  N2 . . . . .  
N 1 ,  N 2 ,  . . .  a r e  t h e  p a r a m e t e r s  f o r  a t o o l  
of  t y p e  1 ( o r  2 o r  . . . )  

F E D  R T  N 
F e e d r a t e  = N i n c h e s  p e r  m i n u t e .  

SPECIAL WORDS 

H. 

Terminated by "$$" 

DNT CT 
Don't cut any of the following instructions. 

CUT 
Cut all of the following instructions. 
(Used only to over-ride a previous 
DNT CT Special Word) 

TL RGT 
TL LFT 
NEAR 
FAR 
Same as Modifiers, but apply to all 
following instructions (NEAR assumed if 
not specified) 

STOp 
Planned machine stop where all pro- 
grammed motions are stopped, including 
the tape transport. 

END 
End of program or tape• 

OTHER WORDS which depend on auxiliary 
functions of the particular machine tool 
being used• 

EXAMPLE 

P E " 

FED RT = +80. $$ 

FROM / P $$ 

DNT CT, GO TO / Q $$ 

TL LFT, DNT CT, GO LFT, NEAR / A,B $$ 

GO LFT / B. C $$ 

GO ROT / C, D $$ 

GO LFT / D, E $$ 

FAR. CROSS / F,G, $$ 

NEAR,GO CLW / G,H $$ 

0o ccw /H.I$$ 
TL ROT, TERM,GO LFT / I $$ 

STOP $$ 

END $$ 

NOTE: ANY INSTRUCTION 
HERE CAN HAVE FEEDRATE 
GIVEN BEFORE i.$$. 

IF ONLY ONE SYMBOL IS 
USED IT IS THE DESTINATION 
CURVE (EXCEPT FOR "TERM") 
I.E. COULD HAVE 

GO LFT / B, C $$ 
GO ROT / D $$ 

INSTEAD OF 

GO LFT I B, C $$ 
GO RGT / C, D $$ 
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DIAGNOSTIC 
BOEING" 

SEATTLE ~' 

ERROR 
DESCRIPTION 

S 
SUMMARY 
RESULTS 

(HUMAN APT LANGUAGE) 

DATA PROCESSING IN 2 D -  APT II SYSTEM 

PHASE I PROJECT COORDINATION- M. I. T. "~ 
PHASE # PROJECT COORDINATION- NORTH AMERICAN AVIATION 

NUMERICAL CONTROL MANUSCRIPT 
(HUMAN APT~LANGUAGE ) 

/ ~ AUXILIARY TOOL FUNCT ONS) 
-- -- INPUT TRANSLATION 

C" -- '~ ONVAI - Ol ~ ~ - ~  FEED RATEB, E T D ) "  1 t .  c R ~AN EGO L--'(,NSTRUCT,ONS)~ 
I RAW DATA J 
I 1 r 
I PRE-PROCESSING | 
I / CONTROL SURFACE I | 
] ~ E L E M E N T  SOLUTIONS / 
' | 1  M I T "  CONVAR E W ' ~  / CANONICAL DATA 
I I ' " CHANCE VOUGH 4' • J I UNTED A,RC~FT ,MART,N-DENV~ I L,SRARY o~ I ~ I-~ SURFACE SOLUTJONS I 

- - - - J  TRANSLATED INSTRUCTIONS NORTH AMERICAN- L,A~" 
OOUGLAS- LONG BEACH • - - ~  ¢ 

MARTIN- BALTIMORE ~" - I CONTROL ELEMENT 
I I M I T "W I "-SETUP-I i CHANCE VOUGHT ~ 
I [ UNITED AIRCRAFT J [ NORTHROPW 

i contROL [ 
-- NORTH AMERICAN - L. A~ W 

MARTIN-BALTIMORE DIRECTED DISTANCES 
I 

TOOL CENTEF~ COORDINATES 

- - - - - - -~  TOOL CENTER DUMP 

I 
FINAL TOOL DATA 

¢ 
} 

• POST PROCESSING S OUTPUT , J 

[ E CS  l CINC,NNATI I BENDIX 
CONVAIRRo~R W- S D~ NORTH AMERICAN -COL LOCKHEED- MAR~ 

t 
TOOL CONTROL TAPE 

( MACHINE TOOL LANGUAGE) 
W INDICATES ORIGINAL 

ASSIGNMENTS 

OTHER CARD DECK HOLDERS 
MCOONNELL- ST, LOUIS GOODYEAR - AKRON 
IBM -WHITE PLAINS ~ MAROUARDT-VAN NUYS 
SELL- BUFFALO REPUBLIC-LONG ISLAND 
LOCKHEED - BURBANK GRUMMAN-LONG IGLAND 
UNION CARBIDE - OAK RIDGE NORTH AMERICAN - ROCKET DYNE 

F i g u r e  3 The  Z D - A P T  II 

So i t  l i t e r a l l y  i s  t r u e  t h a t  I d e s i g n e d  the  
A P T  l a n g u a g e  o v e r  a w e e k e n d  and  t h a t  i t s  p r i n c i -  
pa l  s y n t a c t i c  f e a t u r e s  w e r e  d e t e r m i n e d  b y  the  
r e q u i r e m e n t  t h a t  i t s  t r a n s l a t i o n  be  c o n t r o l l e d  
e n t i r e l y  b y  the  s t a t e m e n t  f o r m a t  p u n c t u a t i o n .  The  
b a s i c  s i m p l i c i t y  of the  c o r e  of the  l a n g u a g e  h a s  
m a d e  i t  e a s y  f o r  p a r t  p r o g r a m m e r s  to l e a r n .  As  
we wi l l  s e e ,  l a t e r  d i f f i c u l t i e s  w i t h  the  c a l c u l a t i n g  
p o r t i o n s  of  A R E L E M ,  as  w e l l  a s  the  m o r e  s o p h i s -  
t i c a t e d  r e q u i r e m e n t s  of e l a b o r a t e  g e o m e t r i c  
d e f i n i t i o n s  and  t r a n s f o r m a t i o n s ,  e n r i c h e d  the  
l a n g u a g e  c o n s i d e r a b l y  (and m a d e  c e r t a i n  p o r t i o n s  
m o r e  of a c h a l l e n g e  to use  c o r r e c t l y )  b u t  the  
b a s i c  s e n s e  of the  l a n g u a g e  h a s  s tood  the  t e s t  of 
t i m e  w e l l .  

7. PERIOD 5: EVOLUTION OF THE SYSTEM 
(May 1957 through May 1958) 

7. 1 P r o j e c t  O r g a n i z a t i o n  

T he  L a n g u a g e  M e m o  w a s  w r i t t e n  i m m e d i -  
a t e l y  f o l l o w i n g  the  K icko f f  M e e t i n g  a s  the  p r o j e c t  
w a s  j u s t  g e t t i n g  u n d e r w a y .  The  f i r s t  H I T  C o o r -  
d i n a t o r ' s  R e p o r t  w a s  i s s u e d  by  C l e m e n t s  ffune 21, 
1957 [ C l e m e n t s  1957] ,  and  r e p o r t s  p r o g r e s s  in  
s o m e  a r e a s ,  and  n o t  in o t h e r s .  T h e r e  i s  n e i t h e r  
t i m e  n o r  s p a c e  to go in to  d e t a i l s  h e r e ,  b u t  F i g u r e  
3, the  P r e s s  C o n f e r e n c e  v e r s i o n  of a d i a g r a m  
e x t r a c t e d  f r o m  the  f i r s t  p a p e r  on A P T  [ R o s s  
1957d] ( w r i t t e n  b e t w e e n  S e p t e m b e r  13 and  27, and  
p r e s e n t e d  O c t o b e r  24, 1957, a t  the  T h i r d  A n n u a l  
C o n t o u r  M a c h i n i n g  C o n f e r e n c e  in L o s  A n g e l e s )  

J o i n t  P r o g r a m m i n g  E f f o r t  

s h o w s  b o t h  the  s y s t e m  s t r u c t u r e  an d  the  c o m p a n y  
a s s i g n m e n t s ,  o r i g i n a l l y  an d  in F e b r u a r y  1959. 
The  k e y  e l e m e n t s  to n o t e  c o n c e r n i n g  the  l a n g u a g e  
a s p e c t s  a r e  t h a t  I npu t  T r a n s l a t i o n  ( INTRAN) ,  
D e f i n i t i o n  P r e p r o c e s s i n g  ( D E F P R E ) ,  and  I n s t r u c -  
t i on  P r e p r o c e s s i n g  ( I N S P R E )  c o n s t i t u t e  the  t r a n s -  
l a t o r  p r o p e r .  T h e y  s e r v e d  to c o m p i l e  i n t e r p r e t i v e  
code  f o r  C O N T R O L  and  A R E L E M ,  in w h i c h  r e s i d e d  
the  r e a l  s e m a n t i c s  o f  the  l a n g u a g e .  A R E L E M  
t u r n e d  ou t  a c u t t e r  l o c a t i o n  t ape  ( C L T A P E )  f o r m a t  
to a c h a n g e a b l e  P o s t p r o c e s s i n g  and  O u t p u t  p r o g r a m .  
M a c h i n e - t o o l - d e p e n d e n t  v o c a b u l a r y  w a s  p a s s e d  
d i r e c t l y  t h r o u g h ,  in  s e q u e n c e ,  f o r  h a n d l i n g  b y  the  
c h o s e n  p o s t p r o c e s s o r .  A l i b r a r y  of U n i t  N o r m a l  
and  D i r e c t e d  D i s t a n c e  s u b r o u t i n e s ,  w i t h  one 
c a n o n i c a l  f o r m  f o r  the  d a t a  of e a c h  s u r f a c e  t ype ,  
an d  the  D i a g n o s t i c  s y s t e m  c o m p l e t e d  the  s y s t e m  
a r c h i t e c t u r e  s t i l l  f o l l o w e d  p r e t t y  m u c h  today .  
T h e s e  c o m p a n y  a s s i g n m e n t s  r e a l i z e d  the  m o d u -  
l a r i t y  c i t e d  in p r e m i s e s  2 an d  3 of m y  t h e m e  
(Section I. I). 

7 . 2  S y s t e m a t i z e d  S o l u t i o n s  

The basic idea that a systematized solution 
provides the semantic framework for a specialized 
application language, therebypermitting an inte- 
grated, cohesive approach still seems not to be 
widely recognized even in the nineteen seventies, 
although it is in many ways the essence of any 
strong argumentation based on abstract data types. 
Twenty years ago the concept really was difficult 
for people to grasp, evenwith our simulated com- 
puter analogy. 
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T h e  q u e s t i o n  of  s y s t e m a t i z e d  s o l u t i o n  w a s  c o n -  
s i d e r e d  of  s u c h  i m p o r t a n c e  t h a t  t h e  m a j o r i t y  of  
C h a p t e r  1 in  I n t e r i m  R e p o r t  N u m b e r  T h r e e ,  
c o v e r i n g  t h e  p e r i o d  f r o m  J a n u a r y  1 to M a r c h  31 ,  
1957 [ M I T  1 9 5 7 a ] ,  i s  d e v o t e d  to  i l l u s t r a t i n g  t h e  
p r i n c i p l e  b y  g e n e r a l i z i n g  a p r o g r a m  to  f i n d  t h e  
i n t e r s e c t i o n  of  a p a r a b o l a  w i t h a  c i r c l e  ( f r o m  the  
S p e c i a l  C o u r s e )  to  a p r o g r a m  to f i n d  t h e  i n t e r -  
s e c t i o n  b e t w e e n  t w o  a r b i t r a r y  p l a n e  c u r v e s .  

" J u s t  a s  t h e  e x a m p l e  of t h e  p r e v i o u s  s e c t i o n  
s o l v e d  f o r  t h e  i n t e r s e c t i o n  of  a n y  t w o  c u r v e s  
p r o v i d i n g  t h e  d e f i n i n g  f u n c t i o n s  w e r e  k n o w n ,  
t he  t w o  s y s t e m s  to b e  d e s c r i b e d  [ f o r  A P T  II 
a n d  A P T  III]  m o v e  a c u t t e r  a l o n g  a s p a c e  
c u r v e  o r  o v e r  a n  e n t i r e  r e g i o n ,  p r o v i d i n g  
t h e  a n a l a g o u s  d e f i n i n g  q u a n t i t i e s  a r e  
a v a i l a b l e  . . .  A s  [ i s ]  d e s c r i b e d  m o r e  f u l l y  
in  t h e  l a s t  c h a p t e r  of  t h i s  r e p o r t ,  i t  i s  
p l a n n e d  to  a t t e m p t  t h e  s a m e  t y p e  of  s y s -  
t e m a t i z e d  s o l u t i o n  to  t h e  p r o b l e m  of  t r a n s -  
l a t i o n  of  l a n g u a g e s ,  s o  t h a t  t h e  t r a n s l a t i o n  
p o r t i o n s  of  t h e  A P T  c o m p u t e r  c a n  h a v e  t h e  
s a m e  g e n e r a l i t y  a n d  f l e x i b i l i t y  a s  t h e  c a l c u -  
l a t i n g  p o r t i o n s  of  t h e  c o m p u t e r .  T h e  r e s u l t -  
i n g  s y s t e m a t i z e d  a p p r o a c h  to  t h e  p r o b l e m s  
of  A P T  s y s t e m  d e s i g n  w i l l ,  i t  i s  h o p e d , ,  
r e s u l t  i n  a b a s i c  s t r u c t u r e  a n d  a n  a c c o m -  
p a n y i n g  m e t h o d o l o g y  w h i c h  w i l l  a l l o w  A P T  
s y s t e m s  to c o n t i n u e  to  g r o w  a n d  c h a n g e  to  
m e e t  t h e  v a r y i n g  n e e d s  of  t h e i r  u s e r s ' . '  [ p 1 3 ] .  

In f a c t ,  t h e  l a s t  c h a p t e r  of  t h a t  r e p o r t  c o n -  
c l u d e s  w i t h  " A t  t h e  p r e s e n t  t i m e ,  i t  s e e m s  
p o s s i b l e  t h a t  t h e  t w o  r e s e a r c h  e f f o r t s  o u t -  
l i n e d  a b o v e  - -  d e t e r m i n i n g  t h e  p r i n c i p l e s  
of  l a n g u a g e  d e s i g n  a n d  l a n g u a g e  t r a n s l a t i o n - -  
m a y  p r o v i d e  s u f f i c i e n t  c r o s s  f e r t i l i z a t i o n  to 
m a k e  i t  p o s s i b l e  to  d e v i s e  a s p e c i a l  m e t a -  
l a n g u a g e  w h i c h  c a n  b e  u s e d  to  d e s c r i b e  
s p e c i a l - p u r p o s e  l a n g u a g e s  of  t h e  t y p e  u n d e r  
c o n s i d e r a t i o n .  I f  t h i s  i s  i n d e e d  p o s s i b l e ,  
t h e n  i t  m a y  p r o v e  f e a s i b l e  a n d  d e s i r a b l e  to  
d e v i s e  a p r o g r a m  to  w r i t e  t r a n s l a t i o n  p r o -  
g r a m s  b a s e d  u p o n  a d e s c r i p t i o n  in  t h e  m e t a -  
l a n g u a g e ,  of  t he  r u l e s  a n d  v o c a b u l a r y  of  t h e  
s u b j e c t  l a n g u a g e .  S u c h  a p r o g r a m  w o u l d  
r e p r e s e n t  a n  i m p o r t a n t  a d v a n c e  in  A P T  
s y s t e m  d e s i g n ,  s i n c e  t h e  i n d i v i d u a l  p r o -  
g r a m m e r  c o u l d  a d d  to t h e  l a n g u a g e  of  t h e  
s y s t e m  a t  w i l l "  [ p 5 2 ] .  

A c c o r d i n g  to  m y  r e s u m e  t h a t  w a s  p r o b a b l y  
w r i t t e n  M a y  15, 1957 ,  a g o o d  f o u r  y e a r s  b e f o r e  I 
d e v e l o p e d  m y  A l g o r i t h m i c  T h e o r y  of  L a n g u a g e  
[ R o s s  1 9 6 2 ] ,  a n d  s e v e n  y e a r s  b e f o r e  t h e  i n i t i a l  
v e r s i o n  of  m y A E D  J R  s y s t e m ,  [ R o s s  1964]  w h i c h  
a c t u a l l y  d i d  w h a t  w a s  s u g g e s t e d  h e r e .  T h e  p r o s -  
p e c t  w a s  v e r y  r e a l  to  m e  a t  t h e  t i m e ,  h o w e v e r ,  
a n d  I s u s p e c t  t h a t  i t  w a s  t h i s  i n i t i a l  c o n n e c t i o n  
b e t w e e n  s y s t e m a t i z e d  s o l u t i o n  a n d  m e t a L l a n g u a g e  
w h i c h  c a u s e d  m e  to  e m p h a s i z e  in  t h e  A l g o r i t h m i c  
T h e o r y  of  L a n g u a g e  t h a t  l a n g u a g e  d e s i g n  w a s  
p r i m a r i l y  s e m a n t i c  r a t h e r  t h a n  s y n t a c t i c .  T h i s  
a l s o  w a s  t h e  r e a s o n  w h y  w h e n  we  f i n a l l y  d i d  d e -  
v e l o p  t h e  A E D  l a n g u a g e  w e  d i d  n o t  go b e y o n d  
A E D - 0  [ R o s s ,  R o d r i g u e z ,  a n d  F e l d m a n n  1 9 7 0 ] ,  
a n d  i n s t e a d  e x t e n d e d  t h e  l a n g u a g e  b y  " i n t e g r a t e d  
p a c k a g e s "  of  f u n c t i o n s  ( c o r r e s p o n d i n g  to t h e  
a b s t r a c t  d a t a  t y p e s  of  t o d a y )  so  t h a t  t h e  l a n g u a g e  
w a s  e x t e n d e d  s e m a n t i c a l l y  w i t h o u t  s y n t a c t i c  e x -  
t e n s i o n s .  T h i s  e n a b l e d  A E D  to p o s s e s s  in  t h e  

m i d d l e  1 9 6 0 s ,  f e a t u r e s  t h a t  o t h e r  h i g h  l e v e l  l a n -  
g u a g e s  o n l y  a c h i e v e d  m a n y  y e a r s  l a t e r .  

A s  we  w i l l  s e e ,  e v e n  t h o u g h  t h e  t r e m e n -  
d o u s  t u r m o i l  of  p r a c t i c a l i t i e s  of  A P T  s y s t e m  
d e v e l o p m e n t  c a u s e d  m a n y  of t h e s e  r i c h  c o n c e p t s  
to  b e  s e t  a s i d e  i n i t i a l l y ,  s o m e  of  t h e m  d id  c o m e  
to t h e  s u r f a c e  a n d  h a d  a n  e f f e c t  l a t e r  in  t h e  
D e f i n i t i o n  P r e p r o c e  s s i n g  a n d  M a c r o  f e a t u r e  s ,  
w h i c h  w e r e  m y  l a s t  c o n t r i b u t i o n s  to  A P T  l a n -  
g u a g e  d e v e l o p m e n t  in  1960 ,  p r e d a t i n g  s i m i l a r  
f e a t u r e s  in  o t h e r  h i g h  l e v e l  l a n g u a g e s .  

7 . 3  E v o l u t i o n  of  t h e  T r a n s l a t o r  

A s  I h a v e  m e n t i o n e d ,  t h e  s t a r t i n g  i d e a  f o r  
t h e  I n p u t  T r a n s l a t o r  ( i n c l u d i n g  t h e  f u n n y  p u n c t u a -  
t ion}  c a m e  o u t  of  t h e  M a y  23 ,  1957 s e s s i o n  of  t he  
K i c k o f f  M e e t i n g .  " T h e  t r a n s l a t i o n  p r o g r a m  
a c t u a l l y  c o u l d  b e  m a d e  q u i t e  s t r a i g h t  f o r w a r d  b y  
s t e a l i n g  t h e  s y m b o l i c  s e c t i o n  o u t  of  t h e  S h a r e  
a s s e m b l y  p r o g r a m  a n d  m a k i n g  t h e  l a n g u a g e  
e n t i r e l y  a f u n c t i o n  of  p u n c t u a t i o n .  C o n v a i r ,  S a n  
D i e g o  f e e l s  t h e y  c a n  h a n d l e  t h e  j o b  in  i t s  p r e s e n t  
f o r m "  [ R 5 7 5 2 0 - 2 4 ] .  B u t  b y  J u n e  10 C o n v a i r  
d r o p p e d  o u t  of  t h e  p r o j e c t  [ K i n n e y  1 9 5 7 ] ,  a n d  n o t  
u n t i l  a m o n t h  l a t e r  w e r e  t h e y  c a j o l e d  to  r e t u r n .  
F i n a l l y ,  C h a r l i e  S w i f t  d i d  v i s i t  w i t h  m e  a t  M I T  
f o r  t h e  w h o l e  d a y  of  A u g u s t  14 [ R 5 7 8 1 4 ]  a t  w h i c h  
t i m e  we  w o r k e d  o u t  t h e  b a s i c  t r a n s l a t i o n  s c h e m e  
i n v o l v i n g  a d a t a  t a b l e  f i l l e d  f r o m  c a r d  r e a d i n g ,  a 
s y l l a b l e  t a b l e  f o r  w o r d s ,  a s y m b o l  t a b l e ,  a n d  
c o m m u n i c a t i o n  to  t h e  p r e p r o c e s s i n g  p r o g r a m s  - -  
a l l  c o n t r o l l e d  b y  t h e  s t a t e m e n t  p u n c t u a t i o n .  

T h i n g s  w e r e  p r o g r e s s i n g  v e r y  e r r a t i c a l l y  
in  t h e  w i d e l y  d i s p e r s e d  p r o j e c t ,  so  b y  A u g u s t  30 
I j o i n e d  D o n  C l e m e n t s  in  p r e p a r i n g  t h e  C o o r d i n a -  
t o r ' s  R e p o r t s .  T h e  " n e w  s t y l e "  ( i . e . ,  n o - h o l d s -  
b a r r e d  c o m m e n t a r y  on  a n y  a n d  a l l  a s p e c t s  of  t h e  
p r o j e c t )  C o o r d i n a t o r ' s  R e p o r t  [ R o s s  a n d  C l e m e n t s  
1957]  b e g i n s  to  s h o w  f u r t h e r  e v o l u t i o n  of  t h e  l a n -  
g u a g e  i d e a s .  T h e  d i s c u s s i o n  of  t h e  i n p u t  t r a n s -  
l a t i o n  p r o c e s s  s h o w s  t h a t  i t  w a s  w h a t  w o u l d  t o d a y  
b e  c a l l e d  a " l e x i c a l  s c a n n e r " .  

The fact that the APT language at this 
point in time had only four statement types which 
were determined entirely by their punctuation had 
a profound influence on the evolution of the lan- 
guage at this early stage. The September 27 
Coordinator's Report discusses various modifica- 
tions to the input translation process to allow 
transient modifiers to both precede and follow 
words which they modify, and in the next Coor- 
dinator's Report, October 22nd, I made what 
became the final design evolution for this early 
stage of INTRAN by suggesting that a table for 
m o d i f i e r s  s i m i l a r  to  t h a t  f o r  p a r a m e t e r s  s h o u l d  
b e  u s e d  s o  t h a t  t h e  s e q u e n c e  of  w o r d s  w o u l d  b e  
p a s s e d  a l o n g  i n t a c t  to  I N S P R E  a n d  D E F P R E .  T h i s ,  
i n  e f f e c t  m a d e  t h e  i n p u t  t r a n s l a t i o n  p r o g r a m  i n t o  a 
p r o p e r  l e x i c a l  s c a n n e r  w h i c h  m e r e l y  r e c o g n i z e d ,  
t r a n s l a t e d  i n t o  i n t e r n a l  f o r m ,  a n d  t y p e - c l a s s i f i e d  
t h e  w o r d s  in  t h e  s e q u e n c e  t h e y  w e r e  e n c o u n t e r e d  
in  t h e  i n p u t  s t r i n g .  T h i s  g r e a t l y  s i m p l i f i e d  t h e  
s c h e m e  a n d  I s a i d  " T h i s  r a t h e r  m a j o r  c h a n g e  [ m a y  
m a k e  C o n v a i r ]  f e e l  t h a t  t h e i r  t a s k  i s  b e c o m i n g  t oo  
s i m p l e  a n d  t h a t  t h e i r  t a l e n t  i s  n o t  b e i n g  m a d e  u s e  
o f "  [ R o s s  a n d  C l e m e n t s  - 1957  O c t o b e r  2 2 ] .  
I n t e r e s t i n g l y  e n o u g h ,  o n  O c t o b e r  31 ( a f t e r  t h e  
a b o v e  s i m p l i f i c a t i o n s )  I r e c e i v e d  a c o p y  of  a n  
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O c t o b e r  24 th  l e t t e r  f r o m  C h a r l i e  S w i f t  to E d  
C a r l b e r g  [ S w i f t  1957] s a y i n g  t h a t  i t  w a s  u s e l e s s  
f o r  t he  C o n v a i r  p r o g r a m m e r s  to  a t t e m p t  to  c o n -  
t i n u e  t h e i r  t a s k  u n t i l  the  l a n g u a g e  w a s  m o r e  p i n n e d  
d o w n .  T h e r e f o r e ,  t he  s u g g e s t i o n  w h e n  i t  w a s  
r e c e i v e d ,  w a s  w e l l  r e c e i v e d .  

T h e  f i n a l  c h a n g e  to t he  t r a n s l a t o r  s t r u c -  
t u r e  w h i c h  f o r m e d  the  f r a m e w o r k  f o r  f u r t h e r  
l a n g u a g e  d e s i g n  d e v e l o p m e n t s  a l s o  w a s  r e c o m -  
m e n d e d  in t h e  O c t o b e r  22 C o o r d i n a t o r ' s  R e p o r t .  
T h i s  c o n s i s t e d  of  t h e  s p e c i f i c a t i o n  t h a t  I N S P R E  
s h o u l d  be  a l l o w e d  to c a l l  D E F P R E  a s  a s u b -  
r o u t i n e .  T h e  I n s t r u c t i o n  P r e p r o c e s s o r  h a n d l e d  
a l l  w o r d s  to t he  l e f t  of  the  s l a s h  ( / )  w h i l e  t he  
D e f i n i t i o n  P r e p r o c e s s o r  w a s  i n v o k e d  o n l y  w h e n -  
e v e r  t h e r e  w a s  an  e q u a l  s i g n  (=) in c o l u m n  s e v e n .  
B y  a l l o w i n g  I N S P R E  to c a l l  D E F P R E ,  the  l a n -  
g u a g e  w a s  c o n s i d e r a b l y  e n r i c h e d  a n d  m a d e  m u c h  
c l o s e r  to m y  o r i g i n a l  d e s i r e s  f o r  the  l a n g u a g e  
b e c a u s e  t h e  p r o g r a m m e r  n o w  c o u l d  w r i t e ,  f o r  
e x a m p l e ,  " T L  L F T ,  GO R G T ,  L I N E / P 1 ,  PZ $ $ " ,  
i .  e .  , g e o m e t r i c  d e f i n i t i o n s  d i d  n o t  h a v e  to be  
g i v e n  s e p a r a t e  s y m b o l i c  n a m e s  b u t  c o u l d  be  
n e s t e d  in  t he  m o t i o n  i n s t r u c t i o n  i t s e l f .  

The  f i n a l  c l i n c h e r  to the  t r a n s l a t i o n  
s c h e m e  i s  c o n t a i n e d  in t he  f o l l o w i n g  l e t t e r  of  
N o v e m b e r  Z7th [ R o s s  1957e]  to  B.  J .  M c W h o r t e r  
of C o n v a i r  w h i c h  I q u o t e  in  i t s  e n t i r e t y  to  g ive  a 
f i r s t  h a n d  f e e l  f o r  b o t h  t h e  m e t h o d s  we  w e r e  u s i n g  
a n d  the  f l a v o r  of  the  i n f o r m a l  c o m m u n i c a t i o n  
w h i c h ,  in t h o s e  d a y s ,  t o o k  the  p l a c e  of  " f o r m a l  
s p e c i f i c a t i o n s  ": 

" W e  j u s t  r e c e i v e d  y o u r  p r o g r e s s  r e p o r t  of  
O c t o b e r  20 a n d  a l t h o u g h  I h a v e  n o t  g i v e n  i t  
v e r y  c a r e f u l  p e r u s a l ,  t h e r e  a r e  a c o u p l e  of  
t h i n g s  I t h o u g h t  I w o u l d  b r i n g  to  y o u r  a t t e n -  
t i o n  a n d  s e e  i f  you c a n  g e t  t h e m  in to  t he  
d e c k  t h a t  you  w i l l  s e n d  us b y  D e c e m b e r  1. 
T h e  c h a n g e  i s  s l i g h t  a n d  c o m e s  a b o u t  
b e c a u s e  of  t he  f a c t  t h a t  w e  p l a n  to h a n d l e  
s u r f a c e  d e f i n i t i o n s  a s  i n s t r u c t i o n s  in P h a s e  
I, a n d  a l s o  s i n c e  y o u r  p r o g r e s s  r e p o r t  d o e s  
n o t  s e e m  to h a v e  q u i t e  a s  m u c h  f l e x i b i l i t y  
a s  you  s a i d  you  n e e d e d  w h e n  you w e r e  h e r e .  
T h e  c h a n g e  i s ,  t h e r e f o r e ,  t h a t  t he  m o d i f i e r s  
on p a g e  7 of  y o u r  r e p o r t ,  X L R G ,  e t c . ,  
s h o u l d  go to  t he  r i g h t  of  t he  m a j o r  p u n c t u a -  
t i o n ,  / , a s  w e l l  a s  t he  T A N  TO e t c . ,  
m o d i f i e r s  on p a g e  8. In o t h e r  w o r d s ,  a l l  
of  y o u r  i m p o r t a n t  m o d i f i e r s  w i l l  a p p e a r  in  
the  t r a n s l a t e d  p a r a m e t e r  t a b l e .  I w o u l d  
s u g g e s t  t h a t  t he  c o d e d  f o r m  f o r  TAN TO e t c . ,  
be  c h a n g e d  to r e a d  (1, 0, 2) e t c . ,  w h e n  
c o d e d  in  S A P .  O r  i f  you do n o t  n e e d  to 
d i s t i n g u i s h  the  two  c l a s s e s  of  m o d i f i e r s ,  
t h e n  j u s t  n u m b e r  t h o s e  on p a g e  8 f r o m  9 
t h r o u g h  14. T h e s e  c o d e d  f o r m s  w i l l  t h e n  
a l l  a p p e a r  in the  s y m b o l  t a b l e  a n d  n o t  in  t h e  
s y l l a b l e  t a b l e  w h i c h  i s  r e s e r v e d  f o r  w o r d s  
to t he  l e f t  of the  m a j o r  p u n c t u a t i o n .  Y o u r  
e x a m p l e ,  t h e n ,  w o u l d  b e  c h a n g e d  to  r e a d  
a s  f o l l o w s :  

L IN 1 = L I N E ,  3 /  L A R G E  Y, TAN TO,  
CIR 1, S M A L L  Y, T A N  TO,  
CIR Z $$ 

"I  s h o u l d  a l s o  p o i n t  ou t  to  you  t h a t  t h e  
g e o m e t r i c  t y p e  o f  t he  f i g u r e  w h i c h  a p p e a r s  
in t he  d e c r e m e n t  of  s y m b o l  t a b l e  e n t r i e s  
a s  you g i v e  t h e m  on p a g e  7 w i l l  o n l y  u s e  
t he  r i g h t  h a n d  6 b i t s  of the  d e c r e m e n t .  You  
s h o u l d  m a s k  ou t  t h e s e  6 b i t s  s i n c e  we  m a y  
v e r y  s o o n  h a v e  j u n k  in  t he  l e f t  h a n d  h a l f  o f  
the  d e c r e m e n t .  If you  c a n  d e s c r i b e  a n y  of  
t he  s p e c i a l  c a s e s  f o r  w h i c h  you  w a n t  a d d i -  
t i o n a l  i n f o r m a t i o n  in  t h e  d e c r e m e n t  in a 
r o u g h  w a y ,  p l e a s e  l e t  us k n o w  s i n c e  we  a r e  
a t  p r e s e n t  p l a n n i n g  to a s s i g n  t h e s e  a d d i t i o n a l  
p o s i t i o n s  on t h e  b a s i s  o f  c o n t r o l  e l e m e n t  
r e q u i r e m e n t s .  

" O n e  f u r t h e r  t h i n g ,  i s  t h a t  t y p e  1 m o d i f i e r s ,  
i . e . ,  n u m b e r s ,  s t i l l  m a y  a p p e a r  in t he  
t r a n s l a t e d  m o d i f i e r  t a b l e  a s  m o d i f i e r s  
to t he  p r i n c i p a l  w o r d ,  in  c a s e  y o u n e e d  
t h i s  i n f o r m a t i o n  f o r  s e l e c t i n g  a m o n g  p r e -  
p r o c e s s i n g  r o u t i n e s .  If c o n t r o l  i s  p a s s e d  
to  y o u r  p r o g r a m  b y  the  i n s t r u c t i o n  p r e -  
p r o c e s s o r ,  t h e n  we  w o u l d  p r e f e r  to  h a v e  
the  n u m e r i c a l  m o d i f i e r  f o l l o w  the  p r i n c i p a l  
w o r d ,  i . e . ,  l i n e ,  3 i n s t e a d  of  3, l i n e  in 
y o u r  e x a m p l e .  S i n c e  w e  w i l l  h a v e  r e c o g -  
n i z e d  t h e  w o r d  L I N E  a s  c a l l i n g  f o r  y o u r  
p r e p r o c e s s o r ,  we  c a n  s t i l l  p a s s  t h a t  a l o n g  
to you  a s  t he  p r i n c i p a l  w o r d  in w h i c h  c a s e  
t he  3 w i l l  b e  t he  l a s t  e n t r y  in the  t r a n s -  
l a t e d  m o d i f i e r  t a b l e .  

"I  h o p e  t h i s  l e t t e r  i s  n o t  t oo  h a s t i l y  w r i t t e n  
a n d  t h a t  you c a n  m a k e  s e n s e  ou t  of  i t .  T h e  
n e w  l a n g u a g e  m e m o  i s  a l m o s t  c o m p l e t e d  
a n d  so  f a r  I p l a n  to p u t  in  o n l y  c a n o n i c a l  
f o r m s  f o r  s u r f a c e  d e f i n i t i o n s  b u t  i f  you  
h a v e  a n y  a d d i t i o n a l  s u g g e s t i o n s  to  p a s s  
a l o n g  a t  t h i s  t i m e  p l e a s e  do so  i m m e d i a t e l y .  
We a r e  l o o k i n g  f o r w a r d  to g e t t i n g  a d e c k  of  
c a r d s  f r o m  you  s o o n  f o r  P h a s e  I. H o p e  
you h a d  a h a p p y  T h a n k s g i v i n g .  " 

W i t h  t h e s e  c h a n g e s ,  t he  e v o l u t i o n a r y  p a t h -  
w a y  f o r  t he  l a n g u a g e  e n r i c h m e n t  w a s  e s t a b l i s h e d .  
F r o m  t h i s  p o i n t  on ,  t h e  i n t e r a c t i o n s  of  t he  s e m a n -  
t i c s  of t he  l a n g u a g e ,  in t e r m s  of  o u r  a b i l i t y  to  
c a r r y  ou t  the  g e o m e t r i c  c o m p u t a t i o n s ,  c o u l d  be  
r e f l e c t e d  d i r e c t l y  in  a s i m p l e  c h o i c e  of  a n e w  
s y n t a c t i c  w o r d  a n d  t h e  c o r r e s p o n d i n g  c o n t r o l  
e l e m e n t  a c t i o n .  E v e n  t h o u g h  t h e r e  w a s  no f o r m a l  
m e t a - l a n g u a g e  d e f i n i t i o n ,  t h e  (now) w e l l -  
u n d e r s t o o d  r e l a t i o n s h i p  b e t w e e n  the  I n p u t  T r a n s -  
l a t i o n  l e x i c a l  s c a n n e r ,  I N S P R E ,  a n d  D E F P R E ,  
a n d  t h e  C o n t r o l  E l e m e n t  p r o g r a m  a n d  A R E L E M  
p r o v i d e d ,  in an  i n f o r m a l  w a y ,  t he  m e c h a n i s m  f o r  
a f a i r l y  c l e a n  e n r i c h m e n t  of  t he  l a n g u a g e  ( t a k i n g  
the  p l a c e  of  a f o r m a l  l a n g u a g e  t h e o r y ) .  T h e  n e x t  
s t a g e s  of  e v o l u t i o n  h a d  to do w i t h  t h e  s e m a n t i c  
v o c a b u l a r y  a r e a s  - -  a p r o c e s s  t h a t ,  due  to t he  
c o m p l e x i t y  of  b o t h  t h e  s u b j e c t  m a t t e r  a n d  t h e  
p r o j e c t  o r g a n i z a t i o n ,  w a s  to  c o n t i n u e  f o r  a n o t h e r  
t h r e e  y e a r s .  

7 . 4  T h e  A R E L E M  P r o b l e m  

My p r i m a r y  c o n t e n t i o n  in t h i s  p a p e r  i s  
t h a t  i t  i s  o r d e r s  of  m a g n i t u d e  m o r e  d i f f i c u l t  to 
c r e a t e  t r u l y  n e w ,  d e e p ,  a p p l i c a t i o n - o r i e n t e d  
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l a n g u a g e s  s u c h  a s  A P T .  In o r d e r  to  b e  s u c c e s s f u l ,  
t h e y  m u s t  b e  b a s e d  u p o n  a w o r l d  v i e w  t h a t  b o t h  
m a t c h e s  t h e  t h o u g h t  p r o c e s s e s  of t he  i n t e n d e d  e n d  
u s e r s  a n d  a l s o  i s  a m e n a b l e  to  e f f i c i e n t ,  r e l i a b l e ,  
a n d  c o m p r e h e n s i v e  c o m p u t a t i o n s .  O n l y  i f  t h e  
c o v e r a g e  of  t he  w o r l d  v i e w  i s  c o m p l e t e ,  c o m p r e -  
h e n s i v e ,  a n d  r e l i a b l e  c a n  t h e  u s e r  h i m s e l f  t h i n k  
c o m p l e t e l y ,  c o m p r e h e n s i v e l y ,  a n d  r e l i a b l y  in  
t e r m s  of  t h e  l a n g u a g e .  T h i s  i s  w h y  t h r o u g h o u t  t h e  
a c t u a l  h i s t o r i c a l  d e v e l o p m e n t  of  A P T  a s  w e l l  a s  
t h r o u g h o u t  t h i s  p a p e r ,  I h a v e  r e p e a t e d l y  r e t u r n e d  
to t h e  t h e m e  of  t h e  " s y s t e m a t i z e d  s o l u t i o n " ,  f o r  i t  
e m b o d i e s  t h i s  a b s t r a c t i o n  of  t he  e s s e n c e  of  t h e  
e n t i r e  p r o b l e m  a r e a  in  ~ e n e r i c  f o r m  so  t h a t  e a c h  
s p e c i f i c  p r o b l e m  t h a t  i s  p o s e d  in  t h e  l a n g u a g e  i n  
f a c t  h a s  a w o r k a b l e  s o l u t i o n .  In t h e  c a s e  of  A P T ,  
t h i s  r e q u i r e d  t h e  e s t a b l i s h m e n t  of  a m e t h o d o l o g y  
f o r  s o l v i n g  t h e  d y n a m i c  t h r e e - d i m e n s i o n a l  g e o -  
m e t r i c  p r o b l e m  of a p p r o x i m a t i n g  a r b i t r a r i l y  
c l o s e l y ,  t h e  s c u l p t u r i n g  of  a r b i t r a r y  t h r e e  d i m e n -  
s i o n a l  p a r t s  c o m p o s e d  of  a r b i t r a r y  s u r f a c e s  b y  
m e a n s  of  b r o k e n - l i n e  m o t i o n s  of  r o t a t i n g  t o o l s ,  
d e s c r i b e d  b y  a r b i t r a r y  s u r f a c e s  of  r e v o l u t i o n ,  
w i t h  f i v e  d e g r e e s  of  f r e e d o m  - -  t h r e e  of  p o s i t i o n  
a n d  two  of  t i l t .  

To  a p p r e c i a t e  t h e  i n t e l l e c t u a l  d i f f i c u l t y  of  
t h e  t a s k  you  m u s t  r e a l i z e  t h a t  t he  " m i n d ' s  e y e  
v i e w "  of  A R E L E M  i s  c o m p l e t e l y  d i f f e r e n t  f r o m  
t h a t  of  a p e r s o n  c o n s i d e r i n g  t h e  p r o b l e m .  A p e r -  
s o n  c a n  a p p r e c i a t e  t h e  f a c t  t h a t  t he  t a s k  i s  d i f f i c u l t  
i f  h e  i s  t o l d  t h a t  t h e  p r o b l e m  i s  to  c o n s i d e r  a n  
a r b i t r a r y - s h a p e d  t o o l  (a s u r f a c e  of  r e v o l u t i o n )  
w h i c h  c a n  b e  s t e e r e d  t h r o u g h  s p a c e ,  a n d  h i s  p r o b -  
l e m  i s  to  do  t h a t  s t e e r i n g  in  s u c h  a w a y  a s  to  c u t  
a n  a r b i t r a r y - s h a p e d  p a r t  o u t  of  a c h u n k  of m a -  
t e r i a l .  B o t h  t h e  s p e e d  a n d  d i r e c t i o n  of  a p p r o a c h ,  
a s  w e l l  a s  t h e  a c t u a l  p o i n t  of  c o n t a c t ,  m u s t  b e  
v e r y  p r e c i s e  s o  t h a t  t h e r e  i s  n o  c h a t t e r  o r  g o u g i n g ,  
e t c .  C l e a r l y  t h e  p r o b l e m  i s  n o n - t r i v i a l .  

W i t h  t h e  c o n c e p t  of  a r b i t r a r y  s h a p e s  s o m e -  
h o w  f l o a t i n g  a n d  m o v i n g  i n  s p a c e  i n  a p r e c i s e  a n d  
c o o r d i n a t e d  f a s h i o n  f i r m l y  in  m i n d ,  n o w  c o n s i d e r  
t h e  p r o b l e m  o n c e  a g a i n  f r o m  t h e  " m i n d ' s  e y e v i e w "  
of  t h e  a c t u a l  A R E L E M  c o m p u t a t i o n .  In  t h i s  c a s e ,  
t h e r e  i s  n o  d i r e c t  c o n c e p t  of  s h a p e s ,  s u r f a c e s ,  
a n d  s m o o t h n e s s  of  s u r f a c e s  a n d  m o t i o n s .  I n s t e a d ,  
t h e r e  a r e  o n l y  s e t s  of  t h r e e - d i m e n s i o n a l  c o o r -  
d i n a t e s  m a k i n g  s h a r p  a n g u l a r  c o n s t r u c t i o n s  of  
v e c t o r s ,  v e c t o r s ,  a n d  m o r e  v e c t o r s .  E v e r y t h i n g  
i s  e x t r e m e l y  d i s c r e t e ,  j u m p y ,  a n d  d i s j o i n t e d .  
T h e r e  i s  o n l y  a s t a g g e r i n g l y  c o m p l e x  c o n s t r u c t i o n  
of  p o i n t s  a n d  s t r a i g h t  l i n e s  c o n n e c t i n g  t h o s e  
p o i n t s .  E v e n  s u c h  a s i m p l e  c o n c e p t  a s  c u r v a t u r e  
(a s m a l l  s e g m e n t  of  a c i r c u l a r  a r c  in  s o m e  
o r i e n t e d  p l a n e ,  w i t h  a p o i n t  i n  t h e  c e n t e r  of  t h a t  
a r c )  i s  n o t  d i r e c t l y  k n o w n  b u t  m u s t  b e  a p p r o x i -  
m a t e d  b y  a n  a p p r o p r i a t e  c o n s t r u c t i o n  w h i c h  
i n c l u d e  s 

1) t h e  s e l e c t i o n  of  t h e  o r i e n t a t i o n  of  
t h e  p l a n e  s p e c i f y i n g  t h e  d i r e c t i o n  
i n  w h i c h  c u r v a t u r e  i s  to  b e  m e a s u r e d ,  

z) t h e  s e l e c t i o n  of s o m e  a p p r o p r i a t e  
b a s e  p o i n t  f r o m  w h i c h  t w o  d i r e c t i o n s  
c a n  s o m e h o w  b e  s e l e c t e d  

3) f r o m  w h i c h  two  a p p l i c a t i o n s  of  t h e  
d i r e c t e d  d i s t a n c e  s u b r o u t i n e  f o r  t he  
s u r f a c e  c a n  b e  i n v o k e d  to p r o v i d e  

4) two  p o i n t s  e x a c t l y  on  t he  s u r f a c e  in  
que  s t i o n  

5) a t  w h i c h  t h e  u n i t  s u r f a c e  n o r m a l  
v e c t o r s  c a n  e x a c t l y  b e  c a l c u l a t e d  

6) f r o m  w h i c h  s u i t a b l e  p r o j e c t i o n s  i n t o  
t h e  p l a n e  c a n  b e  m a d e  to a l l o w  

7) t h e  c o n s t r u c t i o n  of  t w o  c i r c l e  r a d i i  
a n d  t h e  c h o r d  b e t w e e n  t h e m  so  t h a t  

8) t h e  c u r v a t u r e  c a n  b e  e s t i m a t e d .  

(And  t h r o u g h o u t  t h e  p r o c e s s ,  r e m e m b e r  t h a t  t h e  
d i r e c t i o n s  f o r  t h e  d i r e c t e d  d i s t a n c e s  m u s t  y i e l d  
p o i n t s  o.... 5 t h e  c u r v e  of  i n t e r s e c t i o n  b e t w e e n  t he  
p l a n e  a n d  t h e  u n k n o w n  s u r f a c e ,  i f  t h e  w h o l e  
a p p r o x i m a t i o n  p r o c e s s  i t s e l f  i s  to  h a v e  a n y  
v a l i d i t y .  ) So i t  t a k e s  a l l  t h a t  m e r e l y  to  a p p r o x i -  
m a t e  a s i n g l e  c u r v a t u r e  i n  a s i n g l e  d i r e c t i o n .  
F r o m  t h i s  h o r r i b l e  d e s c r i p t i o n  of  t h e  s i m p l e s t  of  
a l l  A R E L E M  o p e r a t i o n s  you  c a n  p e r h a p s  a p p r e c i -  
a t e  t h e  d i f f e r e n c e  b e t w e e n  t h e  h u m a n  a n d  
A R E L E M v i e w p o i n t s .  P o i n t s  a n d  v e c t o r s  b e t w e e n  
p o i n t s  ( r e l a t i o n s  b e t w e e n  p o i n t s )  - -  t h a t  i s  a l l  
A R E L E M  h a s  to  go on .  T h a t  i s  a l l  t h a t  u n i t  
n o r m a l s  a n d  d i r e c t e d  d i s t a n c e s  s u p p l y .  T h e r e  
a r e  n o  a n a l y t i c  f u n c t i o n s  k n o w n  to  A R E L E M ,  f o r  
w h a t e v e r  t h e i r  f o r m ,  t h e y  w o u l d  l i m i t  i t s  g e n e r -  
a l i t y  a n d  a p p l i c a b i l i t y  a t  i t s  m o s t  b a s i c  l e v e l .  
T h e  A P T  w o r l d  i s  p r i m i t i v e  i n d e e d .  

T h i s  p a p e r  i s  a b o u t  l a n g u a g e  d e s i g n ,  a n d  
t h i s  b r i e f  b e l a b o r i n g  of  t h e  c o m p u t a t i o n a l  d i f f i -  
c u l t i e s  i s  i n c l u d e d  o n l y  to p i n  d o w n  t h e  f a c t  t h a t  
u l t i m a t e l y  e v e r y  a s p e c t  of  t h e  A P T  l a n g u a g e  m u s t  
b e  r e d u c e d  to  t h e s e  s a m e ,  v e r y  p r i m i t i v e  t e r m s .  
F u r t h e r m o r e ,  w h e n ,  b e c a u s e  of  t h e  m a t h e m a t i c a l  
v e c t o r  c o n s t r u c t i o n s  w i t h i n  A R E L E M ,  m u l t i p l e  
c a s e s  m u s t  b e  s e l e c t e d  f r o m ,  w o r d s  w i t h  m e a n -  
i n g s  s u i t a b l e  to  t h e  m i n d  of t h e  p a r t  p r o g r a m m e r  
m u s t  b e  i n c l u d e d  w i t h i n  t h e  l a n g u a g e  so  t h a t  h e  
c a n  s u p p l y  t h e  a p p r o p r i a t e  c o n s t r a i n t  to  t h e  
d e g r e e s  of  f r e e d o m  of  t h e  v e c t o r  c o m p u t a t i o n .  
S e v e r a l  A P T  w o r d s  a r o s e  f r o m  t h i s  s o u r c e .  

7 . 5  E v o l u t i o n  of  A R E L E M  

It  s h o u l d  n o t  b e  s u r p r i s i n g  t h a t  t h e  s o l u -  
t i o n  to  t h i s  p r o b l e m  r e q u i r e d  s e v e r a l  y e a r s ,  a n d  
t h a t  t h e  v i e w p o i n t  a n d  t e r m i n o l o g y  of  t h e  A P T  
l a n g u a g e  w e n t  t h r o u g h  a n  e v o l u t i o n a r y  d e v e l o p -  
m e n t  d u r i n g  t h i s  p e r i o d ,  c o r r e s p o n d i n g  to  t h e  
s u c c e s s e s  a n d  n u m e r o u s  f a i l u r e s  of  A R E L E M  
c a l c u l a t i o n s .  

T h r o u g h o u t  t h e  e a r l y  p e r i o d  f r o m  1957 to  
1959 ,  t h e  p r i m a r y  d i f f i c u l t i e s  d r i v i n g  t h i s  e v o l u -  
t i o n  h i n g e d  o n  t h e  g r a d u a l  w e a n i n g  f r o m  t h e  h o l d -  
o v e r s  of  t h e  m e t h o d s  t h a t  w e r e  s u c c e s s f u l  i n  t h e  
m u c h  s i m p l e r  t w o - d i m e n s i o n a l  c a s e  i n  w h i c h  t o o l  
c e n t e r  o f f s e t s  a r e  a p p l i e d  s e p a r a t e l y  a f t e r  t h e  
a p p r o x i m a t i o n  to  t h e  d e s i r e d  c u r v e  h a s  b e e n  
e s t a b l i s h e d .  In t h e  c a s e  of  t w o  d i m e n s i o n s ,  e v e n  
f o r  a r b i t r a r y  c u r v e s ,  t o o l  c e n t e r  o f f s e t  r e q u i r e s  
m e r e l y  t he  e x p a n s i o n  of  t h e  c u r v e  in  t h e  d i r e c t i o n  
of  t h e  s u r f a c e  n o r m a l  t h e  f i x e d  a m o u n t  of  a t o o l  
r a d i u s .  T o  b e  s u r e ,  s u c h  a d d i t i o n  of  a n o r m a l  
d i r e c t i o n  t h i c k n e s s  to  a c o n v e x  c u r v e  c a n  l e a d  to  
c u s p s  a n d  o t h e r  d i f f i c u l t i e s ,  b u t  e x c e p t  f o r  t h e  d e -  
t e c t i o n  of  t h e s e  a n o m a l i e s  ( a n d  t h e  c o r r e s p o n d i n g  
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p r o b l e m  t h a t ,  of  c o u r s e ,  a n  i n s i d e  c u r v e  c a n  
h a v e  n o  s h a r p e r  r a d i u s  t h a n  t h e  t o o l  r a d i u s )  t h e  
p r o b l e m  i s  q u i t e  t r a c t a b l e .  T h e r e f o r e ,  a c o m -  
p l e t e l y w o r k a b l e ,  c o m p r e h e n s i v e ,  a n d  r e l i a b l e  
t w o - d i m e n s i o n a l  s y s t e m  c a n  b e  c r e a t e d  w i t h  t h i s  
u n d e r l y i n g  v i e w p o i n t  of  a z e r o - r a d i u s  " p o i n t  
c u t t e r "  f o l l o w e d  b y  a s e p a r a t e  " t o o l  c e n t e r  o f f s e t "  
c o m p u t a t i o n .  

E v e n  t h o u g h  t he  i n i t i a l  A I A  j o i n t  e f f o r t  
A P T  s y s t e m  w a s  to b e  " 2 D  A P T  I I "  t h i s  a l w a y s  
w a s  r e c o g n i z e d  a s  a m e r e  w a y s t o p ,  a n d  f r o m  t h e  
b e g i n n i n g  A R E L E M  w a s  to  b e  t h r e e - d i m e n s i o n a l  
[ R o s s  1 9 5 7 b ] .  T h e  d i f f i c u l t y  w a s  t h a t  we  d i d  n o t  
r e a l i z e  a t  t h a t  t i m e  t h a t  t h e  c o n c e p t  of  a s e p a r a t e  
t o o l  c e n t e r  o f f s e t  f o r  t h r e e  d i m e n s i o n s  i s  e s s e n -  
t i a l l y  u n w o r k a b l e .  F u r t h e r m o r e ,  t he  u r g e  to  
c r e a t i v i t y ,  c o u p l e d  w i t h  t h e  f a c t  t h a t  we  h a d  o n l y  
i n c o m p l e t e  d o c u m e n t a t i o n  on  o u r  W h i r l w i n d  A P T  
I I p r o g r a m s  [ M I T  1 9 5 7 a ,  R 5 7 1 2 2 , 3 ]  t h e n  b e i n g  
d e b u g g e d ,  c a u s e d  O. D a l e  S m i t h ,  of  N o r t h  
A m e r i c a n  A v i a t i o n  (NAA) to m a k e  t h e  f i r s t  I B M  
704  A R E L E M  w i t h  a n e w  a n d  d i f f e r e n t  s e t  of  e q u a -  
t i o n s  [ S m i t h  a n d  C o r l e y ] .  T h i s  b o t h  i n t r o d u c e d  
n e w  p r o b l e m s  a n d  m a d e  i t  i m p o s s i b l e  to  e x c h a n g e  
r e s u l t s  b e t w e e n  t h e  t w o  e f f o r t s  - -  b o t h  of w h i c h  
suffered from the deadly "point cutter with cutter 
center offset" syndrome: Thus there was a long 
period of "improvements" in the basic ARELEM 
computation in which case after case of anomalous 
behavior was corrected for by the application of 
special treatments [R580114, AIA 1959]. Interest- 
ingly enough, most of the linguistic aspects of 
these problems were of a general enough nature 
to last. Even when I finally devised the successful 
MIT ARELEM (with the assistance of Clarence 
Feldmann, see Section 12, from late 1959 through 
1961), both the situations and viewpoints for the 
proper application of the words FROM, INDIR, 
MAXDP, and TNCKPT remained valid. Quite 
probably most current users of the language are 
unaware that those terms entered the thought 
framework of APT at such an early and rudimen- 
tary stage. 

7 . 6  E v o l u t i o n  of  S e m a n t i c s  

M y  v o l u m i n o u s  r e c o r d s  w o u l d  p e r m i t  a l -  
m o s t  a b l o w  b y  b l o w  a c c o u n t  of  t h e  e v o l u t i o n  of  
t he  m e a n i n g s  of  a l m o s t  e v e r y  A P T  l a n g u a g e  w o r d  
a n d  c o n s t r u c t .  B u t  s u f f i c e  i t  to  s a y  t h a t  w i t h  m u c h  
t r a v a i l ,  a n d  m a n y  C o o r d i n a t o r ' s  R e p o r t  e x h o r t a -  
t i o n s ,  p r o g r e s s  w a s  l a b o r i o u s l y  m a d e  o n  a l l  f r o n t s  
d u r i n g  t h e  s u m m e r  a n d  f a l l  of  1957 [ R o s s  a n d  
C l e m e n t s  1 9 5 7 ] .  A t  t h e  O c t o b e r  3 a n d  4 m e e t i n g  
of  t he  AIA  S u b c o m m i t t e e  f o r  N u m e r i c a l  C o n t r o l  I 
r e q u e s t e d  t h a t  t h e  c o o p e r a t i n g  c o m p a n i e s  " t a k e  a 
r e l a t i v e l y  s i m p l e  p a r t  t h a t  t h e y  p l a n  to  p r o d u c e  b y  
n u m e r i c a l l y  c o n t r o l l e d  m a c h i n e s  a n d  t r y  to  p r o -  
g r a m  i t  b y  u s i n g  t he  l a n g u a g e  w h i c h  w a s  s u p p l i e d  in  
t he  2D A P T - I I  M e m o r a n d u m  2, a n d  to s e n d  t he  
r e s u l t  t o  M I T  b y  N o v e m b e r  1. T h i s  w o u l d  s h o w  
up a n y  i n a d e q u a c i e s  in  t h e  c u r r e n t  l a n g u a g e  p r o -  
p o s a l  a n d  e n a b l e  M I T  to p r o v i d e  a m o r e  u s a b l e  
l a n g u a g e "  [ A I A  1 9 5 7 c ,  p 4 ] .  A l s o  a t  t h a t  m e e t i n g  
i t  w a s  d e c i d e d  t h a t  s i n c e  t he  O c t o b e r  d a t e  c o u l d  
n o t  b e  m e t ,  t h e  n e w  t a r g e t  w o u l d  b e  a J a n u a r y  1, 
1958 d i s t r i b u t i o n  of  a s y s t e m ,  i f  t h e  c o m p a n i e s  
s e n t  t h e i r  p r o g r a m  d e c k s  to M I T  b y  D e c e m b e r  1. 
A s  i t  t u r n e d  ou t ,  t h i s  d a t e ,  t oo ,  c o u l d  n o t  b e  m e t ,  
f o r  t h e  l a s t  d e c k  r e a c h e d  M I T  F e b r u a r y  3, 1958 
[ R 5 8 2 3 ] ,  a n d  t he  F e b r u a r y  4 C o o r d i n a t o r ' s  R e p o r t  

s t a t e s  " I t  i s  h o p e d  t h a t  a w o r k i n g  s y s t e m  c a n  b e  
p e r f o r m i n g  b e f o r e  t h e  n e x t  SNC M e e t i n g  on  
F e b r u a r y  2 0 . "  T h e  M a r c h  13 C o o r d i n a t o r ' s  
R e p o r t  s a y s  

" A t  t h e  (SNC]  m e e t i n g  i t  w a s  r e p o r t e d  t h a t  
a s u c c e s s f u l  p a r t  p r o g r a m  h a d  b e e n  r u n  
u s i n g  t h e  2 D . A P T  II  p r o g r a m  a n d  t h a t  t he  
d e b u g g i n g  o p e r a t i o n  w a s  s t i l l  in  p r o g r e s s . . .  
On  t h i s  n o t e ,  SNC a r r a n g e d  [ t h a t ]  a ' f i e l d  
t r i a l '  d i s t r i b u t i o n  of  t h e  p r o g r a m  w a s  to  b e  
m a d e  in t h e  e a r l y  p a r t  of M a r c h  a s  a s o r t  
of s h a k e d o w n  b e f o r e  a f o r m a l  d i s t r i b u t i o n  
of  t he  p r o g r a m . . .  T h e  t a r g e t  d a t e  f o r  t h e  
d i s t r i b u t i o n  of  t h e  m o r e  f i n i s h e d  v e r s i o n  of  
P h a s e  I w a s  s e l e c t e d  a s  t he  f i r s t  of  M a y .  
D u r i n g  t he  i n t e r v a l  b e t w e e n  t he  M a r c h  d i s -  
t r i b u t i o n  a n d  t h e  M a y  d i s t r i b u t i o n ,  M I T  
a g r e e d  to p r o d u c e  a n  e d i t e d  a n d  c o m p r e h e n -  
s i v e  v e r s i o n  of  t h e  d o c u m e n t a t i o n  a n d  to 
f u r n i s h  a c o r r e c t e d  c a r d  d e c k  to  t h e  A P T  
P r o j e c t  C o o r d i n a t i n g  G r o u p  [ h e a d e d  b y  O. 
D.  S m i t h  of  N o r t h  A m e r i c a n ]  f o r  d i s t r i b u -  
t i o n  to t h e  i n d u s t r y .  T h e r e  w i l l  b e  i n c l u d e d  
in t h e  M a y  d i s t r i b u t i o n ,  t h r e e  i t e m s :  A 
p a r t  p r o g r a m m e r ' s  m a n u a l ,  a c o m p u t e r  
p r o g r a m m e r ' s  m a n u a l  a n d  d e s c r i p t i v e  
b r o c h u r e .  T h i s  w i l l  c o m p l e t e  M I T ' s  
f o r m a l  p a r t i c i p a t i o n  in  t h e  j o i n t  e f f o r t .  
A f t e r  M a y ,  t h e  M I T  p r o j e c t  w i l l  r e v e r t  to  
a c o n s u l t a n t  s t a t u s  a n d  c o n c e n t r a t e  o n  
f u r t h e r  r e s e a r c h  e f f o r t s  f o r  A M C  [ A i r  
M a t e r i e l  C o m m a n d ]  " [ R o s s  a n d  C l e m e n t s  
1957]. 

T h u s  w a s  t h e  F i e l d  T r i a l  f i r s t  v e r s i o n  o f  A P T  
d e f i n e d .  We  n o w  m o v e  b a c k  a g a i n  in  t i m e  to  p i c k  
up t h e  l a n g u a g e  d e f i n i t i o n  t h r e a d  t h a t  l e d  to t h e  
c o r r e s p o n d i n g  F i e l d  T r i a l  P a r t  P r o g r a m m e r ' s  
M a n u a l .  

8. PERIOD 6: THE FIELD TRIAL APT 
LANGUAGE 
(November 1957 through April 1958) 

8. I Two Papers on APT 

T o  s e t  t h e  b a c k g r o u n d ,  o n  A u g u s t  15, 1957 
I h a d  r e c e i v e d  a n  i n v i t a t i o n  f r o m  G e o r g e  F r y ,  
P r e s i d e n t  of  T r u T r a c e  (who h a d  g i v e n  t h e  d e m o n -  
s t r a t i o n  p r i o r  to  t h e  A I A  d e c i s i o n  to s t a r t  A P T )  
to  p r e s e n t  a p a p e r  a t  t h e  T h i r d  A n n u a l  C o n t o u r  
M a c h i n i n g  C o n f e r e n c e  to b e  h e l d  a t  L o s  A n g e l e s  
O c t o b e r  23 t h r o u g h  25 .  S i n c e  t h i s  w o u l d  b e  t h e  
f i r s t  c h a n c e  to  d e s c r i b e  A P T  a n d  t h e  AIA  J o i n t  
E f f o r t ,  i n  a p u b l i c  f o r u m ,  I a c c e p t e d  [ C 5 7 8 1 9 ] .  
T h e  p a p e r  w a s  a c t u a l l y  w r i t t e n  s o m e t i m e  b e t w e e n  
S e p t e m b e r  13 a n d  27 ,  d i s r u p t e d  b y  v a r i o u s  a c t i -  
v i t i e s  i n c l u d i n g  a w e e k  l o n g  d e b u g g i n g  t r i p  to  
E g l i n  A . F . B .  [ R 5 7 9 1 3 - 9 2 7 ] .  F i g u r e  3 f r o m  t h a t  
p a p e r  [ R o s s  1957d]  h a s  a l r e a d y  b e e n  p r e s e n t e d .  
F i g u r e s  4 a n d  5, a l s o  f r o m  t h a t  p a p e r ,  s h o w S i e g e l  
l a n g u a g e  a n d  A P T  l a n g u a g e  v e r s i o n s  of  a s a m p l e  
p a r t  p r o g r a m .  A t  t h e  t i m e ,  t h i s  w a s  t h e  m o s t  
c o m p l e t e  p a r t  p r o g r a m m i n g  e x a m p l e  I h a d  w r i t t e n  
s i n c e  t h e  o r i g i n a l  J u n e  14 L a n g u a g e  M e m o  [ R o s s  
1 9 5 7 c ] .  C o m p a r e  t h e  p l a c e m e n t  of  t he  m o d i f i e r s  
w i t h  t he  s a m p l e  l i n e  in  t h e  l e t t e r  to  M c W h o r t e r  
( S e c t i o n  7 . 3 ) .  ( N o t i c e t h a t t h e  O c t o b e r  22 C o o r -  
d i n a t o r ' s  R e p o r t  w i t h  t h e  i m p r o v e d  t r a n s l a t i o n  
s c h e m e  w a s  c o m p l e t e d  j u s t  b e f o r e  I d e p a r t e d  f o r  
t h i s  L o s  A n g e l e s  p a p e r  p r e s e n t a t i o n . )  
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~2 

PI • 0,0 
P2 • 6,7 
CI =P212 
P3 • 15,16 
C2 =P315 
SI = PI} 45" 
P4 = NSI I CI 
52 = TCI I TC2 
P5 • FSI I C2 

O,PI 
15,P4 
15,C1,S2 
15, $2,C2 
15,C2,P5 

Figure 4 Sample Part Program, 
Siegel Language 

6 16 

~ H N ~  JIM = PO[NT/+6., + 7. ~ JANE =CIRCL/JIM,+2. ~ 
JOHN :POINT/+I6.,+IS. ~ ,  
JUNE = CIRCL / JOHN,+5. SS 

j ~ / / / N E ~  BILL = LINE/+0., +0.,+45. ~ START = SMAL Y, INT OF/BILL,JANE ~ 
WALDO : SMAL X, LARG Y, TAN TO/JANE,JUNE ~ 

FROM /+0.  , +0. ~ 
FED RT = +15. ~fl 
GO TO /START ~S 
GO LEFT/JANE,WALDO ~ 
GO FWO/ WALOO,JUNE S~ 

NEAR,GO CLW/JUNE,BILL ~S 

Figure 5 Sample Part Program, 
2D-APT-II Language 

Upon my return from Los Angeles, the 
November 8 resume says "We have got some 
sample parts programmed in APT language from 
some of the companies, some very good and some 
really sad" [R57118, p2]. So I also had those 
examples with their high incidence of tangent 
check surfaces as stimulation. According to the 
resume of November 12 through 18, 

"Harry Pople has returned from his stint 
in the Air Force ... I also described to 
him briefly the use of the Scope Input 
Program as a possible flexible input 
language for APT programming. He 
seemed quite taken with the idea. We 
will save this for a little bit in the future, 
however, and only try to do a very pilot 
model to begin with .... I will start work- 
ing on the draft of the language memo today 
[ R 5 7 1 1 1 2 - 1 8 ] .  

As I mentioned earlier (Section 2), I had written 
the first computer graphics input program in 
1954, and here Iwas suggesting its use for part 
programming, even though it was to come only 
many years later. 

The November draft of the APT language 
memo (which I have) [N5711?] never was com- 
pleted because it was interrupted by the activities 
of other projects, but in particular, another paper- 
writing stint. On October 7 I received an invita- 
tion to present a paper on APT at the ACM- 
sponsored session at the annual meeting of the 
American Association for the Advancement of 
Science in Indianapolis in late December 
[C57107]. On October 9 Iwas further informed 
that "The paper you are to present ... has been 
selected by the Association's Public Information 
Committee as one which should be reported widely 
to the general public. For your own protection I 
trust that you will cooperate with us . . . " and 
requesting I00 copies of a non-technical abstract 
of the paper by December 15 [C57109]. 

I started thinking about the paper December 
2, sent the abstracts in on December 12, and 
"Most of the time before Christmas was spent in 
writing the AAAS paper and taking a week's vaca- 
tion from December 23 on. The paper finally 
came out quite well and was well received at the 
meeting" [R57123-58019]. It made the frontpage 
of the Indianapolis Star as I got on the airplane 
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Sunday m o r n i n g ,  D e c e m b e r  29, and u p s t a g e d  
C r a w f o r d  G r e e n w a l t  15 c o l u m n  i n c h e s  to two in 
the nex t  d a y ' s  Wal l  S t r e e t  J o u r n a l ,  e t c .  [ R 5 7 1 2 3 -  
58019] .  But  the p a p e r  was  l a t e r  r e j e c t e d  fo r  
pub l i ca t i on  in the C o m m u n i c a t i o n s  of the ACM.  
"Whi le  v e r y  i n t e r e s t i n g  [ it] is too h igh ly  e x p o s i -  
t o r y  fo r  pub l i ca t i on  . . .  The C o m m u n i c a t i o n s  
would ,  h o w e v e r ,  be i n t e r e s t e d  in pub l i sh ing  a 
d e s c r i p t i o n  of the p r o g r a m m i n g  l anguage  and a 
s m a l l  e x a m p l e  of i ts  use .  The  p h i l o s o p h y  of p r o -  
g r a m  c o n s t r u c t i o n ,  whi le  i n t e r e s t i n g ,  p a r a l l e l s  
that  in any o t h e r  d e v e l o p m e n t  of a s p e c i a l i z e d  p r o -  
g r a m m i n g  l a n g u a g e .  What  would  r e a l l y  be w o r t h  
wh i l e  would  be a d i s c u s s i o n  of the s t eps  by wh ich  a 
l anguage  fo r  your  p a r t i c u l a r  c l a s s  of p r o b l e m s  has  
been  d e v e l o p e d "  [ P e r l i s  1958].  I c e r t a i n l y  did not  
a g r e e  wi th  th is  p u t - d o w n  and was  s t i l l  in the t h r o e s  
of l anguage  d e s i g n  and t h e r e f o r e  I made  no f u r t h e r  
e f f o r t s  w i t h A C M .  P e r h a p s  th is  p a p e r  twenty  
y e a r s  l a t e r  w i l l  f i l l  the b i l l .  T h r o u g h o u t  my  
c a r e e r  e d i t o r s  and r e v i e w e r s  have  r e a c t e d  p o o r l y  
to the s a m e  w o r k  tha t  o t h e r s  (often y e a r s  l a t e r  ) 
g ive  me a w a r d s  o r  a c c o l a d e s  fo r .  

The e m p h a s i s  in the AAAS p a p e r  [ R o s s  
1957f, 1958a] was  on the " s y s t e m a t i z e d  so lu t ion  
[wh ich ]  g r e a t l y  c l a r i f i e s  the o b s c u r e  p r o b l e m s  
wh ich  a r i s e  in s p a t i a l  g e o m e t r y ,  l a n g u a g e  de s ign ,  
l anguage  t r a n s l a t i o n ,  and s y s t e m  o r g a n i z a t i o n .  
It is not  i m p r o b a b l e  that  con t inued  w o r k  a long  
t h e s e  l i ne s  can l ead  to a d e s i g n  m a c h i n e  which  
wi l l  a s s i s t  in the d e s i g n  p r o c e s s  i t s e l f  and then 
a u t o m a t i c a l l y  p r o d u c e  a p a r t  to m e e t  the s p e c i f i e d  
c o n d i t i o n s "  [ p 1 6 ] .  A l though  the l anguage  a s p e c t  
is  on ly  m e n t i o n e d  in the AAAS p a p e r ,  I i l l u s t r a t e d  
f o r  the f i r s t  t i m e ,  the idea of " i g n o r a b l e  w o r d s "  
wi th  the s a m p l e  s t a t e m e n t  "GO RGT,  WITH, T L  
F T ,  ON, C I R C L E / C E N T E R ,  P N T  3A, RADIUS,  
+5. 025 $$" [ p 2 6 ] .  I a l s o  d i s c u s s  s o m e  of the 
g round  r u l e s  fo r  " app ly ing  the p r i n c i p l e s  of 
s y s t e m a t i z e d  so lu t ion  to the p r o b l e m  of l anguage  
t r a n s l a t i o n "  [ p 2 8 ] .  My y e l l o w - p a g e  hand w r i t t e n  
n o t e s  fo r  the p a p e r  a r e  of i n t e r e s t  to me b e c a u s e  
they  say  "Man is p r o g r a m m e d  by the l anguage  we 
d e s i g n  fo r  h im to use ,  s ince  o n l y w a y h e  can ge t  
the s y s t e m  to p e r f o r m  is  to e x p r e s s  his  w i s h e s  in 
the s p e c i f i e d  l anguage  f o r m "  [ N 5 7 1 2 7 ,  p7 ] ,  wh ich  
is the e a r l i e s t  t r a c e  I have  of my s tock  s t a t e m e n t  
tha t  a l anguage  d e s i g n e r  b e a r s  a h e a v y  b u r d e n  of 
r e s p o n s i b i l i t y  b e c a u s e  he p r o v i d e s  the m a j o r  p a r t  
of the so lu t ion  of any p r o b l e m  that  e v e r  w i l l  be 
s o l v e d  wi th  h is  l anguage  b e c a u s e  he p r o g r a m s  
( c o n s t r a i n s )  the thought  p r o c e s s e s  of the human  
who wi l l  use the l anguage  to so lve  a p r o b l e m .  

In any c a s e ,  t h e s e  w e r e  the s o u r c e s  of 
b a c k g r o u n d  l e ad ing  up to the A p r i l ,  1958 F i e l d  
T r i a l  P a r t  P r o g r a m m e r s  Manua l  fo r  A P T .  The 
o r i g i n a l  June  1957 l anguage  m e m o ,  the c l a r i f i c a -  
t ion of s e m a n t i c  con ten t  b r o u g h t  out by r e f i n e m e n t s  
of input  t r a n s l a t i o n ,  i n s t r u c t i o n  and de f in i t i on  p r o -  
p r o c e s s i n g ,  and c o n t r o l  and A R E L E M  i n t e r a c t i o n ,  
a long  wi th  the s a m p l e  p a r t  p r o g r a m s  of the Co n tou r  
M a c h i n i n g  C o n f e r e n c e  p a p e r ,  t e s t  p r o g r a m s  f r o m  
the c o m p a n i e s ,  p h i l o s o p h i c a l l y - b a s e d  f i r s t  d r a f t  
a t t e m p t  at  a f i e ld  t r i a l  l anguage  m e m o ,  and f i n a l l y  
the A A A S  p a p e r  a l l  t aken  t o g e t h e r  c o n s t i t u t e d  the 
b a c k g r o u n d  s o u r c e  fo r  the f i r s t  t rue  A P T  P a r t  
P r o g r a m m e r '  s Manua l  e m b o d g i n g  the de f i n i t i on  of 
a c o m p l e t e  A P T  l a n g u a g e .  

8 .2  The F i e l d  T r i a l  L a n g u a g e  

W h e r e a s  the June  14, 1957 2D A P T  I I -2  L a n -  
guage  M e m o  [ R o s s  1957c] c o n s i s t e d  of s ix  p a g e s ,  
the A p r i l  29, 1958 2 D . A P T  II P a r t  P r o g r a m m e r ' . _ s  
Manua l  ( F i e l d  T r i a l  V e r s i o n )  [ R o s s  1958e] was  50 
p a g e s  long.  The f l a v o r  of the l anguage  at  tha t  
s t age  is c o n c i s e l y  c o n v e y e d  by the n o w - f a m o u s  
"MIT T e a r d r o p "  s a m p l e  p a r t ,  see  F i g u r e  6, (a 
c o m b i n a t i o n  of F i g u r e s  1, 2, 3 f r o m  the Manual ) .  
P a g e  21 a l so ,  h o w e v e r ,  i l l u s t r a t e s  the m o r e  c o m -  
p l e x  n e s t i n g  of a g e o m e t r i c  de f in i t ion  in a c o m p l e x  
mot ion  i n s t r u c t i o n ,  wi th  p o s t - p r o c e s s o r  c o n t r o l ,  by 

TL  L F T ,  ON KUL,  F A R ,  2, GO FWD, 

E L I P S / + 4 . 5 ,  +5 . . . . .  $$ 

But  page 36 po in t s  out  that  in th i s ,  m o r e  c o m p l e x  
f o r m ,  " f e e d r a t e  m a y  not  be added b e f o r e  the $$" ,  
w h e r e a s  it could  be in the s i m p l e r  f o r m s .  (Sev-  
e r a l  o t h e r  r e s t r i c t i o n s  e v i d e n c e  v a r i o u s  g ro wing  
pa ins  in the c o o r d i n a t i o n  b e t w e e n  the p r o g r a m  
m o d u l e s ,  in th is  c a s e ,  b e t w e e n  I N S P R E ,  D E F P R E ,  
and C O N T R O L .  Once I N S P R E  p a s s e d  c o n t r o l  to 
D E F P R E ,  it  could  not  send f e e d r a t e  to C O N T R O L ,  
as it  u s u a l l y  did, and D E F P R E  would only  r e t u r n  
c o n t r o l ,  not  the va lue  of f e e d r a t e  i t  could  have  
found! ) 

E x a m i n a t i o n  of F i g u r e  6 a l s o  shows that  
at th is  po in t  the f l a t  p lane  of the t w o - d i m e n s i o n a l  
p a r t  was  c o n s i d e r e d  the D r i v e  S u r f a c e  (DS), 
w h e r e a s  l a t e r  th is  was  made  the P a r t  S u r f a c e  
(PS). The e x a m p l e  is m i s s i n g  a c r u c i a l  c o m m a  in 
l ine  17, but  n e a t l y  s i d e - s t e p s  the s t a r t u p  p r o b l e m  
c o v e r e d  in d e t a i l  on pages  28 and 29 of the manua l ,  
w h e r e  a s e q u e n c e  of t h r e e  DNT CT,  GO TO i n s t r u c -  
t ions  d e m o n s t r a t e s  how " I l l e g a l  Use  of V e r t i c a l  
Mot ion"  can be a v o i d e d  by a s l an t ing  dodge s e e n  by  
A R E L E M ,  but r e s u l t i n g  in a s i m p l e  v e r t i c a l  
p lunge by the m a c h i n e  tool .  S ince  s ense  of d i r e c .  
t ion c a m e  f r o m  c o m p a r i s o n  of the m o s t  r e c e n t  
m o t i o n  wi th  the d i r e c t i o n  of the tool  ax i s ,  a p lunge  
was  i m p o s s i b l e  fo r  A R E L E M !  

9. PERIOD 7: THE POSTCOORDINATOR 
REPORT 
( Ju ly  1958) 

It was  a lo t  of w o r k  put t ing  t o g e t h e r  the 
f i r s t  A P T  F i e l d  T r i a l  S y s t e m .  C l a r e n c e  F e l d m a n n ,  
who was  to w o r k  c l o s e l y  wi th  me fo r  the nex t  
twen ty  F e a r s ,  had j o i n e d  the p r o j e c t  as  a R e s e a r c h  
A s s i s t a n t ,  June  28, 1957 [R57628]  and had been  
r e s p o n s i b l e  fo r  M I T ' s  I N S P R E  and C O N T R O L  
m o d u l e s ,  as  he r a p i d l y  l e a r n e d  the r o p e s .  He,  
H a r r y P o p l e ,  J e r r y  W e n k e r ,  and Bob Johnson ,  
l oaned  to the p r o j e c t  by IBM, w e r e  the p r i m e  
m o v e r s ,  a l t hough  a w e e k ' s  v i s i t  to MIT by Dale  
Smi th  in F e b r u a r y  [ R 5 8 2 1 0 - 1 7 ]  a l s o  he lped  g r e a t l y  
wi th  A R E L E M  i n t e g r a t i o n ,  a t  the s t a r t .  

The April 15, 1958 Coordinator's Report 
[Ross and Clements 1958] says "Accompanying 
this memorandum are the rest of the computer 
program writeups for the field trial of the 2D-APT 
II Phase 1 system... The IBM Service Bureau, 
shipped the field trial card decks [some 8000 cards 
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Figure 6 "MIT Tear Drop" Sample Part 

t o  16 c o m p a n i e s ]  v i a  R a i l w a y  E x p r e s s  o n  A p r i l  10, 
1 9 5 8 . "  F i n a l l y ,  t he  M a y  1 C o o r d i n a t o r ' s  R e p o r t  
s a y s  t h a t  " T h e  p r o g r a m m e r ' s  m e m o  of i n s t r u c t i o n s  
f o r  t he  f i e l d  t r i a l  v e r s i o n  of  t he  2 D - A P T  II P h a s e  1 
s y s t e m  w a s  m a i l e d  on  A p r i l  30.  On  M a y  6, 1958 
a n o t h e r  m a i l i n g  w i l l  o c c u r  w h i c h  w i l l  c o n t a i n  a 
d e c k  of c a r d s  f o r  t h e  s a m p l e  p a r t  p r o g r a m  den  
s c r i b e d  in  d e t a i l  in  t h e  r e p o r t ,  i n s t r u c t i o n s  f o r  
r u n n i n g  t h i s  t e s t  p a r t  t h r o u g h  t h e  s y s t e m  a n d  u p -  
t o - d a t e  d e c k  c o r r e c t i o n s .  I t  i s  h o p e d  t h a t  t h i s  
m a n u a l  a n d  t h i s  t e s t  p a r t  w i l l  a l l o w  t h e  r e c i p i e n t  
c o m p a n i e s  to  s t a r t  a c t u a l  f i e l d  t r i a l  t e s t s  f o r  t h e  
s y s t e m  on  t h e i r  own .  " F r o m  t h a t  p o i n t  on ,  t h e  
o f f i c i a l  d e b u g g i n g  of  t h e  A P T  S y s t e m  w a s  i n t e n d e d  
to  t a k e  p l a c e  in  i n d u s t r y  w i t h  c o o r d i n a t i o n  b y  D a l e  
S m i t h  of  N o r t h  A m e r i c a n .  

A l t h o u g h  o s t e n s i b l y  M I T  w a s  to  c o n c e n t r a t e  
o n  t h e  d o c u m e n t a t i o n ,  f o l l o w i n g  t h e  d i s t r i b u t i o n  of  
t h e  A P T  F i e l d  T r i a l  d e c k s ,  we  a l s o  c o n t i n u e d  w i t h  
f u l l - s c a l e  d e v e l o p m e n t  a n d  d e b u g g i n g  r u n s  on  A P T  
II  a n d  A P T  III  on  W h i r l w i n d ,  a l o n g  w i t h  i n t e n s i v e  
d e b u g g i n g  of  t h e  704  A P T  s y s t e m .  U n i t e d  A i r -  
c r a f t  h a d  j o i n e d  t h e  A I A  J o i n t  E f f o r t ,  a n d  b y  
M a r c h  4,  D a l e  S m i t h  s u g g e s t e d  t h a t  t h e y  t a k e  
o v e r  t h e  I n s t r u c t i o n  P r e p r o c e s s o r  a n d  C o n t r o l  
E l e m e n t  r e s p o n s i b i l i t y  f r o m  M I T  [ C l e m e n t s  1958] .  
B 7 t h i s  t i m e  a l s o  S a m  M a t s a ,  n o w  a t  I B M ,  h a d  
o b t a i n e d  a g o - a h e a d  to  d e v e l o p  a n  A P T  I I I  r e g i o n  
p r o g r a m m i n g  s y s t e m  f o r  t he  I B M  704 [ R 5 8 3 1 Z - 1 7 ] ,  

a n d  U n i t e d  A i r c r a f t  w a s  g o i n g  to  c o l l a b o r a t e  w i t h  
I B M  on t h i s  e f f o r t ,  w h i c h  s h o r t l y  w a s  c h r i s t e n e d  
A U T O P R O M T  ( f o r  a u t o m a t i c  p r o g r a m m i n g  of  
m a c h i n e  t o o l s ) .  I t  w a s  d e c i d e d  t h a t  I B M  w o u l d  
c o n c e n t r a t e  on  t h e  r e g i o n  p r o g r a m m i n g  a s p e c t s ,  
w h i l e  U n i t e d  A i r c r a f t  c o n c e r n e d  i t s e l f  w i t h  t h e  
i n c o r p o r a t i o n  of  2D A P T  II f o r  t he  c u r v e  p r o g r a m -  
m i n g  n e c e s s a r y  f o r  i n i t i a l  p a s s e s  a n d  t r e a t m e n t  
of  r e g i o n  b o u n d a r i e s .  

A f t e r  v a r i o u s  i n t e r c h a n g e s ,  a f r u i t f u l  
m e e t i n g  b e t w e e n  M I T  a n d  U n i t e d  A i r c r a f t  p r o -  
g r a m m e r s  t o o k  p l a c e  a t  M I T  on I u l  7 2,  1958.  K e n  
K a y n o r  a n d  R i c h a r d  L e a v i t t  m e t  w i t h  m y s e l f  a n d  
C l a r e n c e  F e l d m a n n ,  a n d  a n u m b e r  of  s y n t a c t i c  
a n d  s e m a n t i c  l a n g u a g e  i s s u e s  w e r e  f i n a l l y  s e t t l e d  
[ K a y n o r  1 9 5 8 ] .  

T h e r e  w a s  a m e e t i n g  of  t h e  N u m e r i c a l  
C o n t r o l  P a n e l  ( t h e  n e w  n a m e  of  t h e  SNC)  in  S e a t t l e  
J u l y  16 t h r o u g h  18 a t  w h i c h  b o t h  D a l e  a n d  I m a d e  
p r e s e n t a t i o n s  on  t h e  s t a t u s  of  t h e  F i e l d  T r i a l  d i s -  
t r i b u t i o n  a n d  r e w o r k .  A p o l l i n g  of  t h e  c o m p a n i e s  
r e p r e s e n t e d  s h o w e d  t h a t  g r e a t  d i f f i c u l t i e s  w e r e  
b e i n g  e n c o u n t e r e d ,  b u t  t h a t  m o s t  w e r e  s t i l l  c o u n t -  
i n g  o n  A P T  b e i n g  s u c c e s s f u l  a n d  s w i t c h i n g  to  i t  
o n c e  i t  w a s  [ A I A  1958]  . I a l s o  m e t  w i t h  t h e  p e o p l e  
a t  B o e i n g  " g o i n g  o v e r  t h e  g r e a t e s t  p a r t s  of  t h e  
P h a s e  I s y s t e m  w h i c h  i s  n o w  d e f i n e d  a s  t h a t  s y s t e m  
w h i c h  M I T  w i l l  n o w  w r i t e  up .  D i s c u s s i o n  w a s  
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Care To Match Wits With A G i a n t  Bra in?  

Marvelous new APT System, u s i n g  l a r g e  
~oomputers and automatic machine t o o l s  
l e t s  you cut ou t  complex metal  p a r t s  
Just  by writing down the i n s t r u c t i o n s .  
Read the  "APT language"  p a r t  program 
above,  comparing w i t h  t h e  p i c t u r e ,  and 
see how brainy these brains are getting 
t o  be.  Abbreviat ions  are TL - t o o l ,  

A • 

B • 

C = 

SET PT = 

S l O E  • 

J ILL  = 

JOE = 

JIM = 

JACK = 

I X 
7 

POINT/ I, 5 

POINT/2, 3 

POINT / 6, 4 

TL DIAl +l.O, INCH 

FEDRAT/50, IPM 

FROM, POINT/2, 0 

IN OIR, POINT/C 

GO TO, LINE/ THRU, A, AND, D 

WITH, TL LFT, GO LFT, ALONG/SIDE 

GO RGT, ALONG, CIRCLE/WITH, CTR AT, 8, THRU, A 

LINE/THRU, A, AND, C 

POINT/X LARGE, INT OF, JOE, WITH, JILL 

LINE/ THRU, JIM, AND, 8 

GO RGT, ALONG/JACK, UNTIL, TOOL, PAST, SIDE 

GO TO/SET PT 

STOP, END, FINI 

DIA = diameter, FEDRAT - feedrate, 
IN DIR = in dlreetion of, LFT - left, 
RGT - r i g h t ,  CTR AT " c e n t e r  a t ,  
INT OF = i n t e r s e c t i o n  o f .  MIT s c i e n -  
t i s t s  workir~ for  Air  Force developed 
new Automat i ca l l y  Progra~aad Tool 
(APT) system w i t h  c o o p e r a t i o n  o f  A i r -  
c r a f t  I n d u s t r i e s  A s s o c i a t i o n  companies .  

F i g u r e  7 S a m p l e  P a r t  P r o g r a m  

c o n c e r n e d  p r i m a r i l y  w i t h  p o s t  p r o c e s s i n g  a n d  t h e  
t r a n s l a t i o n  a n d  p r e p r o c e s s i n g "  [ R 5 8 1 4 - Z 1 ] .  

U p o n  r e t u r n i n g  to  M I T ,  on  T u e s d a y ,  5u17 
22 ,  I " H a d  a l o n g  go  a r o u n d  w i t h  H a r r y  a n d  C l a r e  
c o n c e r n i n g  t h e  s h o r t c o m i n g s  of  t he  A P T  II s y s t e m  
a n d  t h e  A P T  d o c u m e n t a t i o n . . .  A f t e r  m u c h  h a s h i n g  
a r o u n d ,  we  f i n a l l y  d e c i d e d  t h a t  we  w o u l d  i s s u e  a 
p o s t c o o r d i n a t o r s  r e p o r t  d e s c r i b i n g  a l l  t h e  c h a n g e s  
t h a t  a r e  n e c e s s a r y  to  m a k e  t h e  f i e l d  t r i a l  v e r s i o n  
i n t o  a P h a s e  I s y s t e m . . ,  a n d  a t  t h e  s a m e  t i m e  
r e q u e s t  c h a n g e s  in  t he  S H A R E  w r i t e u p s " [ R 5 8 7 2 2 ] .  

On 5 u l y  24 ,  " D o n  a n d  I c a l l e d  D a l e  S m i t h  
a n d  a l t h o u g h  h e  s e e m e d  s o m e w h a t  t a k e n  a b a c k  a t  
f i r s t ,  a f t e r  we  e x p l a i n e d  w h a t  we  m e a n t  b y  a p o s t -  
c o o r d i n a t o r s  r e p o r t  h e  s e e m e d  to  t h i n k  i t  w a s  a 
g o o d  i d e a "  [ R 5 8 7 2 4 ] .  T h e  r e p o r t  i t s e l f  w a s  i s s u e d  
J u l y  25 [ R o s s  1958f]  a n d ,  in  e f f e c t ,  i t  c o n s t i t u t e d  
t h e  s p e c i f i c a t i o n s  f o r  t h e  p r o g r a m  c h a n g e s  n e c e s -  
s a r y  to  a l l o w  m e  to  a c t u a l l y  g e t  d o w n  to w o r k  c o m -  
p l e t i n g  t h e  P a r t  P r o g r a m m e r ' s  M a n u a l .  

T h e  r e m a i n i n g  p o r t i o n s  of  t he  c r y s t a l i z a t i o n  
of  A P T  l a n g u a g e  i d e a s  t o o k  p l a c e  in  m y  w r i t i n g ,  
c o r r e s p o n d e n c e ,  a n d  d i s c u s s i o n  o v e r  t he  n e x t  f e w  
m o n t h s .  B y  N o v e m b e r  14 " D r a f t i n g  a n d  t y p i n g  a r e  
w e l l  u n d e r w a y "  [ R 5 8 1 1 1 3  + 1 4 ] ,  b u t  i t  w a s  n o t  
a c t u a l l y  r e c e i v e d  b a c k  f r o m  t he  p r i n t e r s  f o r  m a i l i n g  
u n t i l  m i d - F e b r u a r y  1959 [ R 5 9 2  10-  18] : 

10. P E R I O D  8: T H E  F I R S T  R E A L  A P T  
L A N G U A G E  
( A u g u s t  1958 t h r o u g h  N o v e m b e r  1958) 

10. 1 T h e  P h a s e  I P a r t  P r o g r a m m e r ' s  M a n u a l  

F o r  a l l  t h e  ups  a n d  d o w n s  in  d e c i d i n g  h o w  
to h a n d l e  t h e  s y n t a c t i c  a n d  s e m a n t i c  p r o c e s s i n g ,  

t h i s  f i r s t  r e a l l y  c o m p l e t e  v e r s i o n  of  t h e  A P T  
l a n g u a g e  [ R o s s  1959a ]  e n d e d  up w i t h  a n u m b e r  of  
v e r y  i n t e r e s t i n g  f e a t u r e s  w h i c h  n o t  o n l y  s t r o n g l y  
i n f l u e n c e d  t h e  s u b s e q u e n t  d e v e l o p m e n t  of  A P T ,  
b u t  w e r e  s t r o n g l y  i n f l u e n c i a l  on  m y  t h i n k i n g  in  
t h e  d e s i g n  of t he  p h r a s e  s u b s t i t u t i o n  a n d  o b j e c t -  
o r i e n t e d - l a n g u a g e  f e a t u r e s  of  A E D .  T h e y  do  
c o m e  q u i t e  c l o s e  " e x c e p t  f o r  t h e  f u n n y  p u n c t u a -  
t i o n "  to t h e  o b j e c t i v e  of  h a v i n g  A P T  b e  a n  
" E n g l i s h - l i k e "  l a n g u a g e .  T h e  P r e s s  C o n f e r e n c e  
h a n d o u t  e x a m p l e ,  F i g u r e  7, i l l u s t r a t e s  t h i s  b e s t .  

B y  t h e  t i m e  t h e  i n s t r u c t i o n  p r e p r o c e s s o r  
w a s  a l l o w e d  to  h a n d l e  a l l  t r a n s l a t i o n  a n d  c a l l  on  
t h e  d e f i n i t i o n  p r e p r o c e s s o r  w h e n  n e c e s s a r y ,  a n d  
w h e n  t h e  s a m e  w o r d s ,  s u c h  a s  TO,  ON,  P A S T ,  
w e r e  a l l o w e d  to  a p p e a r  e i t h e r  a s  m o d i f i e r s  in  t h e  
m a j o r  s e c t i o n  o r  a s  p a r a m e t e r s  in  t h e  m i n o r  
s e c t i o n ,  v e r y  E n g l i s h - l i k e  i d e a  f l o w  w a s  m a d e  
p o s s i b l e ,  e s p e c i a l l y  i f  i g n o r a b l e  w o r d s  w e r e  
u s e d ,  t oo .  

T h e  m a n u a l  s t a t e s  [ p l - 7 ] ,  

" T h e r e  a r e  f o u r  t y p e s  of  A P T  s t a t e m e n t s  
c o n t a i n i n g  o n e ,  t w o ,  o r  t h r e e  p r i n c i p l e  
s e c t i o n s ,  s e p a r a t e d  b y  d i s t i n g u i s h i n g  
p u n c t u a t i o n  c h a r a c t e r s " .  T h e s e  a r e :  

D e f i n i t i o n  s t a t e  m e n t  

S y m b o l  = m a j o r  s e c t i o n / m i n o r  s e c t i o n  

I n s t r u c t i o n  s t a t e m e n t  

M a j o r  s e c t i o n / m i n o r  s e c t i o n  

S y n o n y m  s t a t e m e n t  

S y m b o l  = m i n o r  s e c t i o n  
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Symbol Major Section Words (Separated by Commas) 

Symbols 
(~p~r~) 
A1 
ZS3Z 
SET PT 
Y AXIS 
LINE 5 
JOHN 

Special Words 

REMARK 

Motion Instructions 

FROM O 
IN DIR 0 
GO TO 0 
GO ON O 
GO PAST O 
GO TAN O 
GO D ELTA O 
GO RGT O 
GO L F T  0 
GO FWD O 
GO BAC L O 
GO BAC R O 
GO UP O 
GO DOWN O 

Special Instructions 
Z SURF M 
TN CK PT M 
LOOK TN M 
LOOK DS M 

[ LOOK PS M 
ZD CALC 
3D CALC M M 
PS IS M 
FINI O 

Ignorables 
WITH AND 
ALONG 
INCH 
D EG 
IPM 
THRU 
UNTIL 
JOINT 
TOOL 

Modifiers Geometric Names 

I T L  L F T  M POINT O 
T L  RGT M LINE O 
T L  ON M CIRCLE O 
CUT O-M E L L I P S  O 
DNT CUT O-M H Y P E R B  O 
NEAR O-M PARAB 0 
FAR O-M PLANE O 

l i T SPHERE 0 
T CONE O 
T CYLNDR O 

D i r e c t o r  Words E L L  CON O 
(Concord Control) E L L  CYL O 

PAR CYL O 
MODE I M HYP CYL O 
MODE Z M TAB CYL O 

[ MODE 4 M ELLPSE O 
I P STOP O ELL PAR O 
STOP O HYP PAR O 
HEAD 1 M HYPLD 1 O 
HEAD Z M HYPLD Z O 
HEAD 3 M QAD RIC 0 
OF KUL M VECTOR O 

[ ON KUL M 
END O Parameter Names 

LOKX M T O L E R  M 
ULOKX M FEDRAT M 

MAX DP M 
TL RAD M 
TL DtA M 
COR BAD M 
COR DIA M 
BAL RAD M 
BAL DIA M 
GNRL T L  M 

Minor' Section Words 
/ (Separat ed byCommas)  

Definition Modifiers 

f TO O ON O 
PAST O 
TAN 0 
CTR AT O 
AT ANGL O 
RADIUS O 
INT OF T 
TAN TO T 
X LARGE T 
X SMALL T 
Y LARGE T 
Y SMALL T 
Z LARGE T 
Z SMALL T 
RIGHT T 
LEFT T 
LARGE T 
SMALL T 

Numbers 
(Examples) 

+123.4 
-0 .  01234 
+IZ3 
-123 

123 

Pre-Defined S~rm I:~ls 

I 
F i g u r e  8 - C o m p l e t e  I n i t i a l  V o c a b u l a r y  f o r  t he  A P T  II S y s t e m  

S p e c i a l  s t a t e m e n t  

M a j o r  s e c t i o n  

" E a c h  w o r d  e x h i b i t s  a c e r t a i n  m o d i f y i n g  
p o w e r  w i t h  r e s p e c t  to  t he  o v e r a l l  m e a n i n g  
of  t h e  e n t i r e  p a r t  p r o g r a m . . ,  c a l l e d  
M o d a l  (M),  O n e - s h o t  (O),  T r a n s i e n t  
(T) ,  a n d  v a r i a b l e  O n e - s h o t  o r  M o d a l  
(0 -M). 

"Figure 8 [pl-ll] lists the entire present 
vocabulary of the APT system and shows 
whether each word is to be placed in the 
major or minor section of an APT state- 
ment... The words are arranged into 
classes with appropriate headings such 
a s  ' m o t i o n  i n s t r u c t i o n s '  a n d  ' p a r a m e t e r  
n a m e s ' ,  a n d  w i t h i n  s o m e  of  t he  c l a s s e s ,  
w o r d s  a r e  f u r t h e r  g r o u p e d  i n t o  s e t s  b y  
m e a n s  of  b r a c k e t s .  O n l y  one  w o r d  f r o m  
a n y  s e t  (o r  i f  t h e r e  i s  no  b r a c k e t ,  o n l y  
one  w o r d  f r o m  t h e  e n t i r e  c l a s s )  m a y  
a p p e a r  in a n y  s i n g l e  A P T  s t a t e m e n t ,  
u n l e s s  a c l a s s  c o n t a i n s  s e v e r a l  b r a c k e t e d  
s e t s ,  in  w h i c h  c a s e  o n e  w o r d  f r o m  e a c h  
s e t  m a y  a p p e a r .  T h e r e  a r e  of  c o u r s e  
m a n y  e x c l u s i o n s  f r o m  t h i s  g e n e r a l  r u l e ,  
e . g . ,  if  one  w o r d  i s  c h o s e n  a t  r a n d o m  
f r o m  e a c h  of  t h e  c l a s s e s  and  s e t s ,  t h e n  a 
m e a n i n g l e s s  s t a t e m e n t  w i l l  r e s u l t .  O n c e  
t h e  m e a n i n g  [ s i c ~  of  t he  i n d i v i d u a l  w o r d s  
a r e  u n d e r s t o o d ,  h o w e v e r ,  if  t he  w o r d s  
a r e  s e l e c t e d  s u c h  t h a t  t h e y  m a k e  g o o d  
E n g l i s h  s e n s e ,  t h e n  t h e  r e s u l t i n g  A P T  
s t a t e m e n t  w i l l  b e  a c c e p t a b l e .  

"A w o r d  w h i c h  h a s  m o d a l  m e a n i n g  n e e d  
b e  w r i t t e n  o n l y  o n c e  in  t h e  p a r t  p r o g r a m ,  
a f t e r  w h i c h  i t s  m e a n i n g  a p p l i e s  to  a l l  
s u c c e e d i n g  s t a t e m e n t s  u n t i l  a n o t h e r  w o r d  

f r o m  t h e  s a m e  s e t  i s  g i v e n . . .  O n e - s h o t  
w o r d s  a p p l y  o n l y  to  t he  s t a t e m e n t  in  w h i c h  
t h e y  o c c u r  a n d  do n o t  m o d i f y  the  m e a n i n g  
of  w o r d s  in  o t h e r  A P T  s t a t e m e n t s . . .  O n e -  
s h o t - o r - M o d a l  w o r d s  h a v e  e i t h e r  o n e - s h o t  
o r  m o d a l  m e a n i n g  d e p e n d i n g  upon  w h a t  k i n d  
of  s t a t e m e n t  t h e y  a r e  u s e d  in .  If  t h e y  a r e  
u s e d  in a s p e c i a l  s t a t e m e n t  t h e y  h a v e  m o d a l  
m e a n i n g  w h e r e a s  if  t h e y  a r e  u s e d  in  a d e f i -  
n i t i o n  o r  i n s t r u c t i o n  s t a t e m e n t  (i. e .  , a 
s t a t e m e n t  p u n c t u a t e d  w i t h  a /) t h e i r  m e a n -  
ing  i s  o n e - s h o t .  O n c e  a o n e - s h o t  m e a n i n g  
h a s  b e e n  e x e c u t e d ,  t he  m e a n i n g  w i l l  r e v e r t  
to  t he  m o d a l  s e t t i n g . . .  T r a n s i e n t  w o r d s  
m o d i f y  o n l y  the  w o r d  i m m e d i a t e l y  p r e c e d -  
i ng  o r  the  w o r d  i m m e d i a t e l y  f o l l o w i n g  
t h e i r  o c c u r r e n c e .  T h u s  the  c o m b i n a t i o n  
F A R ,  3, m e a n s  t h e  t h i r d  f a r  i n t e r s e c t i o n ;  
w h e r e a s  t he  c o m b i n a t i o n  X S M A L L ,  INT 
O F ,  m e a n s  t h e  i n t e r s e c t i o n  w i t h  t he  s m a l l -  
e s t  X c o o r d i n a t e .  W h e n  t r a n s i e n t  m o d i f i e r s  
a r e  b r a c k e t e d  i n t o  s e t s  in F i g u r e  8, i t  
m e a n s  t h a t  t w o  w o r d s  f r o m  the  s a m e  s e t  
m a y  n o t  be  u s e d  to m o d i f y  the  s a m e  s i n g l e  
w o r d ,  e v e n  t h o u g h  s e v e r a l  s e t  u s e s  m a y  
a p p e a r  in  a s i n g l e  s t a t e m e n t "  [ p p l - 1 0 ,  
lz, 13J. 

It  i s ,  of  c o u r s e ,  e s s e n t i a l  to  k n o w  the  m e a n -  
i ng  of  e a c h  i n d i v i d u a l  w o r d  a s  w e l l .  F o r  e x a m p l e ,  
F R O M  a p p l i e s  o n l y  to a p o i n t  in s p a c e  a n d  t e l l s  
A R E L E M  t h e  l o c a t i o n  of t h e  t o o l  f o l l o w i n g  a m a n u a l  
s e t  up p r o c e d u r e  b y  t h e  m a c h i n e  o p e r a t o r .  T h u s ,  
F R O M / L I N E  w o u l d  be  m e a n i n g l e s s  a n d  u n a c c e p t a -  
b l e .  S i m i l a r l y ,  IN D IR ,  m e a n i n g  " i n  t h e  d i r e c t i o n  
o f " ,  w o r k s  o n l y  w i t h  p o i n t s  o r  v e c t o r s ,  n o t  t he  
o t h e r  g e o m e t r i c  q u a n t i t i e  s .  

The first-glimmerings of the need for INDIR 
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[ R 5 8 2 2 5 ] ,  b u t  t h e  w o r d  i t s e l f  i s  f i r s t  r e f e r e n c e d  
i n  t h e  r e s u m e  f o r  A p r i l  2 a n d  3 [ 5 8 4 2 , 3 ] ,  e v e n  
t h o u g h  i t  w a s  e x c l u d e d  f r o m  t h e  F i e l d  T r i a l  l a n -  
g u a g e  [ R o s s  1 9 5 8 e ] .  A l o n g  w i t h  G O  T O ,  ON,  
P A S T ,  T A N  a s u r f a c e ,  I N D I R  f i n a l l y  s o l v e d  t h e  
s t a r t  up p r o b l e m  ( a l t h o u g h  A R E L E M  c o u l d  n o t  do  
G O  T A N ,  a n d  p r o b a b l y  s h o u l d  n o t  h a v e  b e e n  a s k e d  
to ) .  S i m i l a r l y ,  a l l o w i n g  TO,  ON,  P A S T ,  a n d  T A N  
to b e  p a r a m e t e r s  on  t h e  r i g h t  of  t he  s l a s h  in  a 
m o t i o n  i n s t r u c t i o n ,  g a v e  c o m p l e t e  c o n t r o l  o v e r  
t e r m i n a t i o n  of  c u t t i n g  c o n d i t i o n s ,  t h e r e b y  e l i m i n a t -  
i n g  t h e  w o r d  T E R M  f r o m  t he  l a n g u a g e .  To e l i m i -  
n a t e  a n  i l l e g a l  j o g  m o t i o n  w h e n  b a c k i n g  up f r o m  a 
t a n g e n t  c h e c k  s u r f a c e  c o n d i t i o n ,  G O  B A C  b e c a m e  
GO B A C R  o r  GO B A C L  to c o n v e y  t h e  p a r t  p r o g r a m -  
m e r ' s  i n t e n t i o n  so  t h a t  a n  a l a r m  c o u l d  b e  g e n e r a t e d  
in  t h e  i l l e g a l  c a s e s .  

Z S U R F ,  w h i c h  f o r  a l o n g  t i m e  w a s  r e -  
s t r i c t e d  to  b e i n g  e q u i v a l e n t  to  Z P L A N E  [ R 5 8 8 2 7 -  
Z9] , s p e c i f i e d  a s u r f a c e  o n  w h i c h  a l l  i m p l i c i t l y  
d e f i n e d  p o i n t s  s h o u l d  l i e .  I r e c o g n i z e d  t h e  n e e d  
f o r  i t  a s  e a r l y  a s  A u g u s t  30,  1957 [ R o s s  a n d  
C l e m e n t s  1 9 5 7 ] ,  b u t  i t  n e v e r  w a s  p r o p e r l y  s p e c i -  
f i e d ,  so  t h a t  t h e  i n i t i a l  p r e p r o c e s s i n g  p a c k a g e  
[ C 5 8 3 2 4 ,  M c W h o r t e r  1 9 5 8 ]  s e t  t h e  Z c o o r d i n a t e  
of  e v e r y  p o i n t  d e f i n e d  e q u a l  to  z e r o  - -  h a r d l y  
t h r e e  d i m e n s i o n a l .  

I i n v e n t e d  t h e  " t a n g e n t  c h e c k  p o i n t " ,  T N  
C K  P T ,  s o l u t i o n  to  t he  t a n g e n t  c h e c k  s u r f a c e  
p r o b l e m  J u l y Z 2 ,  1958 [ R 5 8 7 2 2 ] .  If  t h e  s t e p  
s i z e  w e r e  s e l e c t e d  s m a l l  e n o u g h  ( l i m i t e d  b y  
M A X D P  [ R 5 8 4 1 7 - 5 5 ] )  t he  t a n g e n t  c h e c k  s u r f a c e  
c a l c u l a t i o n  w o u l d  b e  g u a r a n t e e d  to  s e e  t h e  c h e c k  
s u r f a c e  i f  i t  l o o k e d  f r o m  t h e  c u r r e n t  t o o l  p o s i t i o n  
to t h e  t a n g e n t  c h e c k  p o i n t  r a t h e r  t h a n  l o o k i n g  in  
t h e  s u r f a c e  n o r m a l  d i r e c t i o n .  T h u s ,  f o r  e x a m p l e ,  
a s i n g l e  c h e c k  p o i n t  i n t e r i o r  to  a c o n v e x  p a r t  
w o u l d  i n s u r e  t h a t  a l l  s u r f a c e s  of  t h a t  p a r t  c o u l d  
p r o p e r l y  b e  f o u n d .  T h e  t h r e e  L O O K  i n s t r u c t i o n s  
t e l l  w h e t h e r  to  u s e  t h a t  o r  t h e  d r i v e  s u r f a c e  o r  
p a r t  s u r f a c e  n o r m a l  f o r  t a n g e n t  c h e c k  s u r f a c e  
c a l c u l a t i o n s .  T h e s e  a r o s e  w h e n  i t  w a s  f o u n d  t h a t  
t h e  o l d  u n r e l i a b l e  s u r f a c e  n o r m a l  m e t h o d  w a s  in  
f a c t  p r e f e r a b l e  f o r  c e r t a i n  c l a s s e s  of  p a r t s  in  
w h i c h  t a n g e n t  c h e c k  p o i n t s  w o u l d  n e e d  to b e  
c h a n g e d  r e p e a t e d l y  a n d  ye t  t h e  n o r m a l  v e c t o r  
m e t h o d  w o u l d  w o r k  s a t i s f a c t o r i l y .  H e n c e  t h e  
p a r t  p r o g r a m m e r  w a s  g i v e n  t h i s  c o n t r o l .  

2D C A L C  a n d  3D C A L C  w e r e  i n t e n d e d  to 
s w i t c h  A R E L E M  c a l c u l a t i o n s  f r o m  3 to  2 d i m e n -  
s i o n s  a n d  b a c k  [ R o s s  a n d  C l e m e n t s  1957,  A u g u s t  
3 0 ] .  T h i s  c a p a b i l i t y  w a s n ' t  a c t u a l l y  i m p l e m e n t e d  
u n t i l  c o n s i d e r a b l y  l a t e r .  

A n  i n t e r e s t i n g  p h e n o m e n o n  i s  t h a t  P S  IS 
i s  a l l  t h a t  r e m a i n s  in  t h e  2D A P T  II s y s t e m  in  t h i s  
i n i t i a l  o f f i c i a l  l a n g u a g e .  DS IS a n d  CS IS w e r e  
l a t e r  r e i n s t a t e d ,  b u t  a t  t h i s  p o i n t  irr t i m e ,  t h e  
a d d i t i o n  of TO,  ON,  P A S T ,  a n d  T A N  a s  d e f i n i t i o n  
m o d i f i e r s  a l l o w e d  t h e m  to  b e  c o m p l e t e l y  r e p l a c e d  
f o r  t w o - d i m e n s i o n a l  w o r k ,  in  a d d i t i o n  to d o i n g  
a w a y  w i t h  w o r d  T E R M ,  a s  h a s  p r e v i o u s l y  b e e n  
d e s c r i b e d  [ I K a y n o r  1 9 5 8 ] .  L i t e r a l l y  t h e  l a s t  w o r d  
in  A P T ,  d e c i d e d  on  a t  t h e  J u l y  2 M I T / U A C  m e e t .  
i n g ,  i s  t h e  w o r d  F I N I  w h i c h  i n d i c a t e s  t he  v e r y  e n d  
of  e a c h  p a r t  p r o g r a m  so  t h a t  t h e  A P T  p r o c e s s i n g  

p r o g r a m s  c a n  r e s e t  to  t h e i r  o r i g i n a l  c o n d i t i o n  
K a y n o r  1 9 5 8 ] .  

E a c h  g e o m e t r i c  n a m e  h a s  a c o r r e s p o n d i n g  
c o l l e c t i o n  of  " p r e p r o c e s s i n g  f o r m a t s "  w h i c h  p r e -  
s c r i b e  t h e  w o r d i n g  a n d  p u n c t u a t i o n  of  t he  m i n o r  
s e c t i o n  of  a s t a t e m e n t  [ R o s s  1 9 5 9 a ,  Ch .  7 ] .  B y  
m e a n s  of  t he  = s i g n ,  a s y m b o l i c  n a m e  c a n  b e  give1 
to  t h e  g e o m e t r i c  q u a n t i t y  t h u s  p r o p e r l y  d e f i n e d .  
B y  m e a n s  of  s y n o n y m  s t a t e m e n t s ,  s y m b o l s  m a y  
a l s o  b e  a s s i g n e d  f o r  n u m b e r s  o r  o t h e r  s y m b o l s .  
S y m b o l i c  n u m b e r s  m a y  b e  u s e d  w h e r e v e r  n u m b e r s  
a r e  c a l l e d  f o r  a n d  m a n y  of  t h e  d e f i n i t i o n  f o r m a t s  
c a l l  f o r  t he  u s e  of  s y m b o l i c  g e o m e t r i c  q u a n t i t i e s .  
I f  n o  g e o m e t r i c  n a m e  i s  g i v e n  w i t h  F R O M ,  I N D I R ,  
G O  TO,  o r  G O  ON,  t h e n  p o i n t  i s  a s s u m e d .  S i m i -  
l a r l y ,  G O  D E L T A  ( the  i n c r e m e n t a l  G O  TO)  h a s  
v e c t o r  a s  n o r m a l  case . .  I g n o r a b l e s  c a n  b e  w r i t t e n  
a n y  p l a c e  to  m a k e  t h e  r e a d i n g  m o r e  E n g l i s h - l i k e ,  
b u t  a r e  c o m p l e t e l y  i g n o r e d  b y  t h e  s y s t e m .  

U n d e r  p a r a m e t e r  n a m e s ,  T O L E R  w a s  a 
s i n g l e  m a t h e m a t i c a l  t o l e r a n c e  s p e c i f i c a t i o n  to  
m a t c h  t h e  e x i s t i n g  A R E L E M ,  e v e n  t h o u g h  t h e  
n e e d  f o r  s e p a r a t e l y - s p e c i f i a b l e  i n s i d e  a n d  o u t s i d e  
t o l e r a n c e  h a d  b e e n  r e c o g n i z e d  a t  M I T  s i n c e  a t  
l e a s t  J a n u a r y  1957 w h e n  t h e  " s e c a n t  c u t "  of  m a x i -  
m u m  l e n g t h  a l l o w e d  b y  a c o m p l e t e  t o l e r a n c e  b a n d  
w a s  u s e d  in  A P T  II I  [ R 5 7 0 1 7 ,  8 ] .  

F i g u r e  9 s h o w s  ( t he  P r e s s  C o n f e r e n c e  a s h  
t r a y  v e r s i o n  of) t h e  G e o m e t r i c  D e f i n i t i o n s ,  T o o l  
P a t h ,  a n d  P a r t  P r o g r a m  f o r  t h e  f i r s t  s a m p l e  p a r t  
c o m p l e t e l y  w o r k e d  o u t  in  t h e  m a n u a l .  ( T h e  c e n t e r  
p o r t i o n  w a s  a t h r e e - d i m e n s i o n a l  " s a d d l e  s u r f a c e "  
h y p e r b o l o i d  of  o n e  s h e e t ,  p o c k e t e d  b y  d e c r e a s i n g  
i n d e x e d  e l l i p t i c  c y l i n d e r s ,  w i t h  a s l a n t i n g  g o u g e  
f o r  a c i g a r e t t e  a t  e a c h  u p p e r  c o r n e r . )  T h e  e x a m -  
p l e  i s  i n t e r e s t i n g  b e c a u s e  i t  s h o w e d  t h e  u s e  of t h e  
g e o m e t r i c  d e f i n i t i o n s  to  p e r f o r m  r u l e r - a n d -  
c o m p a s s  c o n s t r u c t i o n s  to  d e f i n e  t h e  c o m p l e t e  
g e o m e t r y  g i v e n  v e r y  s k e t c h y  i n p u t  r e q u i r e m e n t s .  
T h e  s a m e  o u t s i d e  s h a p e  a n d  two  o t h e r  i n s i d e s  of  
t h i s  p a r t  w e r e  a l s o  w o r k e d  o u t  in  t he  m a n u a l .  T h e  
s e c o n d  o u t s i d e  p a r t  p r o g r a m  i l l u s t r a t e d  h o w  t h e  
f l e x i b i l i t y  of  t h e  l a n g u a g e  w o u l d  a l l o w  t h e  p a r t  
p r o g r a m m e r  to  p r o g r a m  a p a t h  d i r e c t l y .  He  
c o u l d  s i m p l y  s t a r t  o u t  f r o m  the  b e g i n n i n g  a n d  
d e f i n e  q u a n t i t i e s  a s  h e  w e n t  a l o n g  b y  a d d i n g  
s y m b o l s  to  e a r l i e r  s t a t e m e n t s  a n d  u s i n g  t h o s e  in  
c o n s t r u c t i n g  d e f i n i t i o n s  f o r  l a t e r  s t a t e m e n t s ,  
r a t h e r  t h a n  d o i n g  a l l  t h e  d e f i n i t i o n s  b e f o r e h a n d  
a s  in  t h e  f i r s t  e x a m p l e .  

1 0 . 2  Phase II E x t e n s i o n s  

I d o n ' t  t h i n k  t h e r e  e v e r  w a s  a c o m p l e t e l y  
f u n c t i o n a l  A P T  s y s t e m  c o r r e s p o n d i n g  to  t h i s  f i r s t  
P a r t  P r o g r a m m e r ' s  M a n u a l .  O n c e  t he  S e a t t l e  
M e e t i n g  d e c i d e d  t h a t  P h a s e  I w o u l d  b e  d e f i n e d  to  
b e  " t h e  s y s t e m  t h a t  M I T  w a s  d o c u m e n t i n g "  I v e r y  
c a r e f u l l y  k e p t  o u t  o f  t h e  P a r t  P r o g r a m m e r ' s  
M a n u a l  a n y  i d e a s  t h a t  m i g h t  s m a c k  of  a p o s s i b l e  
P h a s e  II  [ R 5 8 7 2 5 - 2 9 ] .  In f a c t ,  i t  i s  p r o b a b l y  
t r u e  t h a t  i t  w a s  n o t  u n t i l  w e l l  a f t e r  t h e  S a n  D i e g o  
P r o j e c t  e f f o r t  i n  1961 ,  in  w h i c h  t h e  t r u l y  d e f i n i .  
t i r e  A P T  s y s t e m  w a s  g e n e r a t e d  b y  p r o g r a m m e r s  
f r o m  m a n y  c o m p a n i e s  w o r k i n g  t o g e t h e r  in  t h e  
s a m e  p l a c e  f o r  a n  e x t e n d e d  p e r i o d  o f  t i m e ,  d id  
A P T  e v e r  h a v e  a s e t  of  d o c u m e n t a t i o n  t h a t  a d e .  
q u a t e l y  m a t c h e d  t h e  s y s t e m  t h e n  in  u s e .  T h e  
w h o l e  p r o j e c t  w a s  s o  d i f f i c u l t  a n d  d r a w n  o u t ,  
h o w e v e r ,  t h e  l a c k  of  c u r r e n t  d o c u m e n t a t i o n  s e e m e d  
l i k e  a n o r m a l  s t a t e  of  a f f a i r s  to  A P T  p a r t i c i p a n t s .  
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P A R T  P R O G R A M  NO.  1 
R o c k e r  A r m  C a m  O u t s i d e  C u t  

A f e w  h i s t o r i c  h i g h l i g h t s  a r e  w o r t h  c i t i n g  
e v e n  t h o u g h  t h e y  d o n ' t  s h o w  in  t h e  f i r s t  A P T  P a r t  
P r o g r a m m e r ' s  M a n u a l  b e c a u s e  t h e y  s h o w e d  up 
m u c h  l a t e r  in  s u b s e q u e n t  d e v e l o p m e n t  o r  h a v e  n o t  
b e e n  p i n n e d  d o w n  a s  to  t i m e ,  in  m y  p r e v i o u s  d i s -  
c u s s i o n  h e r e .  

1) T h e  u s e  of  s y m b o l i c  n a m e s  f o r  g e o -  
m e t r i c  q u a n t i t i e s  m i n i m i z i n g  
n u m e r i c a l  p a r a m e t e r s  s o  t h a t  
e n t i r e  f a m i l i e s  of  p a r t  s h a p e s  c a n  
b e  a c c o m m o d a t e d  b y  t h e  a u t o m a t i c  
p r o g r a m m i n g  s y s t e m ,  c o m e s  f r o m  
m y  d i s c u s s i o n s  J a n u a r y  29 t h r o u g h  
31 ,  1957  w i t h  A r n i e  S i e g e l  in  p r e p a -  
r a t i o n  f o r  t h e  N u m e r i c a l  C o n t r o l  
C o u r s e  a t  M I T .  

2) The various check surface types, 
including their use as decision 
surfaces, was seen February 11, 
1957 in Whirlwind APT II 
discussions. 

3) February 12, 1957, again in dis- 
cussions with Siegel regarding the 
course, is the first place that the 
terms "preprocessing" and "post- 
processing" for those major sections 
of t h e  A P T  s y s t e m  s t r u c t u r e  m a k e  a n  
a p p e a r a n c e .  

4) A p r i l  29 ,  1957 I f i r s t  p r o p o s e d  t h e  
t a b u l a t e d  c y l i n d e r  ( w h i c h  l i k e  a n  
a u r o r a  b o r e a l i s  p a s s e s  p a r a l l e l  
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5) 

6) 

7) 

8) 

9) 

io) 

l i n e s  t h r o u g h  a n  a r b i t r a r y  c h a i n  o f  
p o i n t s  in  s p a c e )  a s  t h e  g e n e r a l  w a y  
to  h a n d l e  a r b i t r a r y  t w o - d i m e n s i o n a l  
c u r v e s  in  a w a y  t h a t  p r o p e r l y  f i t s  
i n t o  t h e  t h r e e - d i m e n s i o n a l  c a s e .  

On A u g u s t  15, 1957 N A A  r a i s e d  
q u e s t i o n s  o n  u s i n g  f i l l e t e d  e n d  m i l l  
c u t t e r s  to  c u t  p o c k e t i n g  w i t h  s l o p i n g  
b o t t o m s  a s  in  t h e  A I A  T e s t  P a r t  
No .  1. T h e y  s u g g e s t  t h e  i d e a  of  a 
" l i m i t  s u r f a c e  to  c o n t r o l  t h e  e x t e n t  
to  w h i c h  a n y  of  t h e  o t h e r  s u r f a c e s ,  
p a r t  s u r f a c e ,  d r i v i n g  s u r f a c e ,  c h e c k  
s u r f a c e  a p p l y "  [ R o s s  a n d  C l e m e n t s  
1957 ,  A u g u s t  30,  p l l ] .  We  a c t u a l l y  
d i d  i n c o r p o r a t e  s u c h  l i m i t  s u r f a c e  
c a p a b i l i t i e s  in  o u r  M I T  A R E L E M  
in  1960 ,  b u t  I b e l i e v e  t h a t  t h i s  i s  
s t i l l  a c u r r e n t  t o p i c  to  b e  a c c o m -  
p l i s h e d  in  t h e  c u r r e n t  C A M - I  
A d v a n c e d  ~ P r o j e c t  e v e n  t o d a y .  

T h e  " C L  t a p e "  c u t t e r  l o c a t i o n  t a p e  
s t a n d a r d  of  A P T  c a m e  o u t  of  t a l k s  I 
h a d  a t  N o r t h  A m e r i c a n  w i t h  D a l e  
S m i t h  in  e a r l y  O c t o b e r  1957 a n d  w a s  
s e l e c t e d  b y  m e  a t  C a r l b e r g ' s  u r g i n g  
b y  " s e m i  d e m o c r a t i c  a u t h o r i t y "  in  
p r e f e r e n c e  to a l e s s - f l e x i b l e  s c h e m e  
t h e n  b e i n g  p r o p o s e d  b y  B o e i n g ,  on  
D e c e m b e r  3 r d ,  1957 .  ( I t  w a s  l a t e r  
r e f i n e d  s o m e w h a t .  ) 

T h e  f i r s t  t e s t  r u n  of  C O N T R O L  a n d  
A R E L E M  t o g e t h e r  t o o k  p l a c e  s o m e -  
t i m e  in  J a n u a r y  14 t h r o u g h  16, 1958 
o n  t h e  I B M  704  a t  M I T .  

On  M a r c h  14, 1958 ,  in  h i s  f i r s t  
C o o r d i n a t o r ' s  R e p o r t  [ S m i t h  1 9 5 8 ] ,  
D a l e  S m i t h  p r e s e n t e d  a p r o p o s a l  f o r  
a u t o m a t i c  p o c k e f i n g b a s e d  u p o n  
i n d e x i n g  of  d r i v e  s u r f a c e s .  We  a l s o  
h a d  c o n s i d e r e d  i n d e x i n g  in  o u r  A P T  
w o r k  a t  M I T ,  a n d  t h i s  t y p e  of  o p e r a -  
t i o n  d id  g e t  i n c o r p o r a t e d  in  A P T  in  
t h e  A P T  M a c r o  f a c i l i t y  a b o u t  1961 
[AIA 1961]. 

U n d e r  " L o o p s  a n d  s u b r o u t i n e s  in  t h e  
p a r t  p r o g r a m "  D a l e  a l s o  r e c o g n i z e d  
t h a t  t h e r e  i s  m o r e  to  i n d e x i n g ,  b u t  
e v i d e n t l y  h e  w a s  n o t  a w a r e  of  o u r  
s u g g e s t i o n  [ R 5 7 2 1 1 ]  t h a t  c h e c k  
s u r f a c e s  b e  u s e d  a s  a c t u a l  d e c i s i o n  
s u r f a c e d  f o r  p a r t  p r o g r a m  l o g i c  
c o n t r o l .  I h a d  i n c l u d e d  l a b e l l e d  
i n s t r u c t i o n  s t a t e m e n t s  i n  m y  o r i g i n a l  
J u n e  14, 1957 L a n g u a g e  M e m o  [ R o s s  
1957c ]  f o r  t h i s  p u r p o s e ,  

W e  f i r s t  t a l k e d  a b o u t  i t e r a t i n g  a 
g e n e r a l  t o o l  s h a p e  i n t o  t h e  v a l l e y  
f o r m e d  b y  m u l t i p l e  c h e c k  s u r f a c e s  
o n  A p r i l  7, 1958 .  

11) W h i l e  w r i t i n g  t h e  P o s t  C o o r d i n a t o r ' s  
R e p o r t  3ruly 25 ,  1958 ,  I s a w  ( w i t h  
P o p l e )  t h a t  u s i n g  t h e  t e r m s  N, E ,  S, 
W w o u l d  b e  p r e f e r a b l e  to  t h e  R G T ,  
L F T ,  F W D ,  B A C ,  e s p e c i a l l y  to  go 
w i t h  l a t e r  c o o r d i n a t e  t r a n s f o r m a -  
t i o n s ,  b u t  i t  n e v e r  g o t  i n t o  A P T .  

IZ) On O c t o b e r  1 7 t h  t h r o u g h  20 ,  1958,  
I s a y ,  " T a l k i n g  a l i t t l e  b i t  m o r e  l o n g  
r a n g e  w i t h  C l a r e ,  I p o i n t e d  o u t  t h a t  
we  c o u l d  u s e  t h e  c o n n e c t i v e s  A N D  
a n d  OR r e a l l y  w i t h  n o  n e e d  f o r  
p a r e n t h e s e s  s i n c e  w e  w o u l d  w a n t  to  
f o l l o w  a n y  s u c h  s t a t e m e n t  b y  s u i t a b l e  
I F  c l a u s e s  w h i c h  w o u l d  a u t o m a t i c a l l y  
d e t e r m i n e  t h e  m e a n i n g .  T h i s  i s  
s o m e w h a t  d i f f e r e n t  t h a t  F O R T R A N  
s i n c e  w e  c a n ,  in  o u r  c a s e ,  m a k e  t h e  
s y s t e m  f i g u r e  o u t  w h a t  w e  m e a n  b y  
w h a t  w e  s a y  in  l a t e r  s t a t e m e n t s .  
In  s t r i c t l y  m a t h e m a t i c a l  p r o b l e m s  
t h i s  i s  n o t  p o s s i b l e  . . . .  T h e  p r o b -  
l e m  of  m a c r o c o d i n g  s u c h  a s  i s  
r e q u i r e d  in  t o o l  s h a p e  a n d  d i r e c t o r  
s p e c i f i c a t i o n s ,  [ a l s o  m e n t i o n e d  in  
t h e  M a r c h  14 D a l e  S m i t h  r e p o r t ]  a s  
w e l l  a s  t h e  i n c l u s i o n  of  F O R T R A N  
a n d  S A P  l a n g u a g e  in  A P T  p r o g r a m s  
a l s o  s h o u l d  b e  i n c l u d e d  in  P h a s e  II .  
T h e  w r i t i n g  of  a g e n e r a l  n o r m a l  
v e c t o r  a n d  d i r e c t e d  d i s t a n c e  p r o -  
g r a m  w o u l d  f a c i l i t a t e  t h e  i n c l u s i o n  
of  a r b i t r a r i l y  d e f i n e d  s u r f a c e s .  " 

T h e s e  n o t  o n l y  p r e s a g e  t he  p h r a s e  s u b -  
s t i t u t i o n  of  A E D ,  b u t  w e r e  in  f a c t  
i n c l u d e d  in  m y  l a t e r  r e c o m m e n d a t i o n s  
to t h e  A P T  p r o j e c t  w h i c h  b e c a m e  v i a b l e  
f e a t u r e s  in  s u b s e q u e n t  v e r s i o n s .  I t  m a y  
b e  of  i n t e r e s t  to  A P T  a f f i c i a n a d o s  to 
k n o w  t h a t  t h e i r  c o n s i d e r a t i o n  w a s  d o c u -  
m e n t e d  t h i s  f a r  b a c k  in  t i m e .  

1 0 . 3  M a c r o s  a n d  P h r a s e  S u b s t i t u t i o n  

One of the most interesting aspects of the 
extensions of APT beyond the initial Phase I lan- 
guage was the way in which several of the more 
powerful language and translation features that 
would later become important also in general- 
purpose programming languages arose in a com- 
pletely natural fashion much earlier in APT. I 
believe that the reason this happened is that 
because of its subject matter (and perhaps any 
truly application-oriented language would share 
this property) APT had to be, from the beginning, 
what I now call an "object-oriented language". 
[Ross 1975]; in other words, a language in which 
the viewpoint and terminology reflected in the 
vocabulary, syntax, semantics, and even the 
pragmatics of the language are concerned directly 
with describing and manipulating specific real 
objects of the area of discourse. The attitude of 
the user and of the designer of the language is 
concerned directly with the subject matter and 
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n o t  w i t h  h o w  t h a t  s u b j e c t  m a t t e r  m a y  b e  r e p r e -  
s e n t e d  i n  a c o m p u t e r .  T h i s  m e a n s  t h a t  t h e  l a n -  
g u a g e  i s  c o n c e r n e d  e x c l u s i v e l y  w i t h  o b j e c t s ,  a n d  
w i t h  p r o p e r t i e s  of  o r  o p e r a t i o n s  on  t h o s e  o b j e c t s .  
( T h i s  m e a n s  t h a t  t h e  t y p e s ,  i n  t h e  s e n s e  of  
t o d a y ' s  a b s t r a c t  d a t a  t y p e s  [ L i s k o v  1978,  S h a w  1978,  
e t c . ] ,  a r e  c o n c e r n e d  w i t h  d e s c r i p t o r s  a n d  o p e r a -  
t o r s  of  t h e  t y p e . )  T h e r e  i s  n o  p l a c e  in  e i t h e r  t h e  
t h i n k i n g  o r  t h e  l a n g u a g e  f o r  " p o i n t e r s "  o r  
" r e f e r e n c e s " ,  w h i c h  a r e  s t r i c t l y  r e p r e s e n t a t i o n a l  
m a t t e  r s .  

In  t h e  c a s e  of  A P T ,  t w o  i m p o r t a n t  f e a t u r e s  
c a m e  up e a r l y  a n d  n a t u r a l l y  - -  m a c r o s  a n d  n e s t e d  
d e f i n i t i o n s  ( i . e . ,  p h r a s e  s u b s t i t u t i o n ) .  T h e  f i r s t  
i d e a s  f o r  m a c r o s  in  A P T  ( w h i c h  I h a v e  p r e v i o u s l y  
c i t e d )  h a v e  to  do w i t h  m a k i n g  r e p e t i t i v e  p a t t e r n s  
of  h o l e s ,  ( D R I L L ) ,  o r  in  c a r r y i n g  o u t  t h e  r e l i a b l e  
c o n t r o l  of  f e e d r a t e  in  t h e  d r i l l i n g - l i k e  s t a r t - u p  of  
a p o c k e t i n g  o p e r a t i o n ,  ( P L U N G E ) .  T h e s e  w e r e  
c o n s i d e r e d  m a c r o  i n s t r u c t i o n s  a n d  c a l l e d  " m a c r o -  
i n s t r u c t i o n s "  [ S m i t h  1958;  1, p l 0 ]  b e c a u s e  t h e y  
i n v o l v e d  r e p e t i t i v e  p a t t e r n s  of  t h e  m o r e  e l e m e n t a r y  
G O  t y p e s  of  A P T  i n s t r u c t i o n s .  I t  w a s  t h e n  b u t  a 
s h o r t  s t e p  to s e e  t h a t  t h e  s a m e  p r o c e s s  a p p l i e d  to  
b o t h  r o u g h  a n d  f i n i s h  c u t s  in  p a r t  p r o g r a m m i n g ,  
f r o m  w h i c h  t he  a p p l i c a t i o n  of  t he  m a c r o  p a t t e r n -  
g e n e r a t i o n  c o n c e p t  a p p l i e d  e q u a l l y  w e l l  i n  t h e  
m o t i o n - i n s t r u c t i o n  d o m a i n  in  g e n e r a l .  T h i s  in  
t u r n  b r o u g h t  o u t  t h e  i d e a  t h a t  t h e  s a m e  c o n c e r n  
f o r  s a f e  c o n t r o l  of  f e e d r a t e  d u r i n g  a p l u n g e  o p e r a -  
t i o n  s h o u l d  b e  a p p l i e d  to  t h e  s a m e  c o n c e r n s  f o r  
g e n e r a l  p a r t  p r o g r a m m i n g ,  a n d  t h e  i d e a  of  p a c k -  
a g i n g  s t y l i z e d  p a t t e r n s  of  g e n e r a l  p a r t -  
p r o g r a m m i n g - s t a n d a r d s  m a c r o s  w a s  a n a t u r a l  
c o n s e q u e n c e .  

All of this took place well before the de- 
velopment of the SAP macro facility in 1960 by 
McIlroy of Bell Labs [McIlroy 1960]. (My resume 
of February I0 through 29 [sic:], 1960 says "Got 
a writeup of the new SAP MACRO system just this 
m o r n i n g .  I t  a p p e a r s  that these f a c i l i t i e s  w i l l  s u i t  
v e r y  w e l l  o u r  f l o w  d i a g r a m m i n g  a n d  c o d i n g  c o n -  
v e n t i o n s  a n d  w i l l  m a k e  t h e  g e n e r a t i o n  of t h e  c o m -  
p i l e r  or whatever system I ultimately end up with 
much easier and more powerful. The boys from 
Bell Labs did a very good piece of work here" 
[R60210-29]. In fact, our early APT macro 
thoughts included conditional macros, for that is 
how "loop-logic" was to be exploited for rough and 
f i n i s h  c u t s .  T h i s  w a s ,  in  f a c t ,  t h e  p u r p o s e  of  t h e  
" s y m b o l )  . . . " b e g i n n i n g  of  t h e  s t a t e m e n t  t y p e s  in  
m y  o r i g i n a l  l u n e  14, 1957 L a n g u a g e  M e m o  [ R o s s  
1 9 5 7 c ] ,  a l t h o u g h  i t  w a s  d r o p p e d  f o r  a t i m e  a n d  
d i d  n o t  c o m e  b a c k  u n t i l  D a l e  S m i t h ' s  C o o r d i n a t o r ' s  
R e p o r t  #4  of  A u g u s t  20 ,  1958 [ S m i t h  1958,  4] l i s t s  
" s y m b o l i c  s t a t e m e n t  i d e n t i f i c a t i o n "  a l o n g  w i t h  
" c o m p l e t e l y  v a r i a b l e  f i e l d  c a r d  f o r m a t .  " B u t  i t  i s  
n o t  u n t i l  h i s  " P r o g n o s t i c a t i o n s "  of  r e p o r t  #7 ,  d a t e d  
J a n u a r y  13, 1 9 5 9 [ S m i t h  1959]  t h a t  w e  f i n d  a m o n g  
o t h e r  t h i n g s  " A d d i t i o n  of  l o g i c a l  p a r t  p r o g r a m  
j u m p  i n s t r u c t i o n s "  a n d  " A d d i t i o n  of  m a c r o  i n s t r u c -  
t i o n s "  a s  s e p a r a t e  h e a d i n g s .  I b e l i e v e  i t  w a s  s o m e -  
t i m e  a f t e r  t h a t  t h a t  I f i n a l l y  w a s  a b l e  to  s t a r t  g e t -  
t i n g  p e o p l e  to  s e e  t h a t  f r o m  t he  b e g i n n i n g  I h a d  
i n t e n d e d  t h a t  t h e s e  a l l  b e  o n e  s e t  of  t h i n k i n g .  

The matter of nested definitions or phrase 
substitution, in which any phrase of a given type 
can be substituted wherever any other phrase of 
the same type can occur, may go back as far as 

m y  o r i g i n a l  d i s c u s s i o n s  w i t h  A r n i e  S i e g e l ,  e s p e -  
c i a l l y  in  t h e  c o n t e x t  of  t h e  p r e p a r a t i o n  f o r  t h e  
N u m e r i c a l  C o n t r o l  C o u r s e  w e  g a v e  f o r  A I A  a t  
M I T  [ R 5 7 2 1 2 ]  , b u t  I c a n ' t  r e a l l y  v o u c h  f o r  t h a t .  
T h e  e a r l i e s t  A P T  l a n g u a g e ,  l i k e  S i e g e l ' s  l a n g u a g e ,  
o n l y  a l l o w e d  s y m b o l s  to  b e  g i v e n  to  g e o m e t r i c  
q u a n t i t i e s  a n d  t h e n  t h o s e  s y m b o l s  w e r e  w r i t t e n  in  
instructions or other definitions -- but not the 
definitions themselves. I do know, however, that 
once we had seen that DEFPRE could be called 
from INSPRE [R58930-I07], (and I spoke of it at 
the time as "nesting definitions in instructions") 
the idea of nesting definitions within definitions 
was a natural step. The problem was that the 
definition preprocessor control was not up to that 
task at the time. (It was a simple dispatcher, not 
a compiler.) Therefore it is not until the Septem- 
ber, 1959 Coordinator's Report of Len Austin (who 
followed Dale Smith as Coordinator) that we find 
nested definitions as an assigned APT Phase II 
item [Austin 1959]. I had been pressing for its 
inclusion ever since writing the portion of the 
Phase I Part Programmer's Manual in w]zich in- 
struction statements were converted into definition 
statements after the fact by writing "symbol = . . . " 
at the beginning of an already-written statement in 
the "path-oriented" second program of the rocker 
arm can sample part (see Section I0.2). 

The important thing to notice about these 
macro and nested definition language features is 
that they both became full-blown in concept and 
purpose, if not in practice, at least by early 1959 
and certainly were brewing in 1957. My recollec- 
tion is that they came from the needs of the appli- 
cation area, rather than from any influences of 
g e n e r a l - p u r p o s e  p r o g r a m m i n g  t h i n k i n g  ( a l t h o u g h  I 
can't fully vouch for that). In any case they were 
very influential on my own formulation of plex and 
my Algorithmic Theory of Language which, as I 
have already cited, also had its roots in the same 
period. [Another interesting aside is that my 
resume shows that on April 16 through 18, 1959 a 
symbolic manipulation conference was held at MIT 
(no formal auspices) at which "I talked for a short 
time on multimode control as applied to list 
searches, [Ross 1958d], group control and pro- 
posed a modified list structure which seems more 
appropriate to our design machine application". 
[R59416-511] which was my first public discussion 
of my "n-component element" plex ideas (although 
I did not at that time have the word "plex"). This 
predates by almost exactly one year the May 20-21, 
1960 Philadelphia ACM conference on Symbol 
Manipulation at which my note published in CACM 
March 1961 [Ross 1961] was presented. As I have 
cited here, the start of this thinking was "Milling 
Machine Conference Number One" in 1956 [ Ross 
1956c]. Since most people seem to associate 1961 
(the CACM late publication date) with the start of 
my plex thinking, I thought it would be interesting 
to point out these earlier dates.] 

ii. PERIOD 9: THE PRESS CONFERENCE 
(November 1958 through February 1959) 

T h e  o f f i c i a l  l a u n c h i n g  of A P T  on  t h e  w o r l d  
w a s ,  of  c o u r s e ,  t h e  P r e s s  C o n f e r e n c e  of  F e b r u a r y  
25 ,  1959 [ M I T  1 9 5 9 a ] ,  w i t h  w h i c h  I o p e n e d  t h i s  
p a p e r .  A c c o r d i n g  to  m y  r e s u m e s ,  o v e r  a y e a r  
w e n t  i n t o  i t s  p r e p a r a t i o n  [ R 5 8 0 1 3 1 ] ,  t r i g g e r e d  b y  
t h e  s i g n i f i c a n t  p r e s s  c o v e r a g e  of  m y  A A A S  p a p e r  
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r e v e r b e r a t i n g  t h r o u g h  t h e  m o n t h  of  J a n u a r y  1958.  
N o t h i n g  a c t u a l l y  h a p p e n e d ,  of c o u r s e ,  f o r  a l o n g  
t i m e  a s  t he  F i e l d  T r i a l  e f f o r t  s t r u g g l e d  p a s t  t h e  
p r o j e c t e d  M a y  1 s t  d a t e .  On J u n e  9, 1958 I r e -  
c e i v e d  a n  i n v i t a t i o n  to  p r e s e n t  a p a p e r  a t  t h e  
A S M E  a n n u a l  m e e t i n g  in  N e w  Y o r k  C i t y  D e c e m b e r  
1 t h r o u g h  5, 1958,  in  a s p e c i a l  p r o g r a m  s p o n s o r e d  
b y  t h e  A v i a t i o n  a n d  M a c h i n e  D e s i g n  D i v i s i o n s  
[ C 5 8 6 9 ] .  I a c c e p t e d  a n d  p r o p o s e d  t h e  t i t l e  "A 
Progress Report on the 2D APT II loint Effort for 
Automatic Programming of Numerically Controlled 
Machine Tools" [C58630]. On August 13, I 
s t a r t e d  w r i t i n g ,  a n d  b y  A u g u s t  29 I w a s  p u t t i n g  
t h e  f i n i s h i n g  t o u c h e s  o n  t h e  A S M E  p a p e r  [ R 5 8 8 2 7 -  
2 9 ] .  A f i g u r e  in  t h a t  p a p e r  [ R o s s  1958g]  s h o w s  
t h e  s t a t e  of  m y  t h i n k i n g  a t  t h a t  p o i n t  in  t i m e  w i t h  
r e g a r d  to t h e  F i g u r e  8 l a n g u a g e  c h a r t  of  t h e  f i n a l  
P a r t  P r o g r a m m e r ' s  M a n u a l .  A t  t h a t  p o i n t  in  t i m e ,  
" m i s c e l l a n e o u s "  w o r d s  w a s  a c a t c h - a l l  c a t e g o r y .  
I h a d  n o t  y e t  d e c i d e d  to t r e a t  INDIR a s  a m o t i o n  
i n s t r u c t i o n  b e c a u s e  i t  s e t  t h e  s e n s e  of  d i r e c t i o n  
f o r  a l l  t h e  r e s t .  Z S U R F  w a s  Z P L A N E  a t  t h a t  
p o i n t ,  a n d  d i r e c t  s e t t i n g  of  t h e  d r i v e  a n d  c h e c k  
s u r f a c e s  w a s  i n c l u d e d .  A f e w  s p e l l i n g s  a r e  a l s o  
d i f f e r e n t ,  b u t  t h e  l a n g u a g e  i t s e l f  w a s  a l m o s t  c o m -  
p l e t e  w h e n  t h i s  p a p e r  w a s  s u b m i t t e d  on  A u g u s t  29 ,  
1958.  

B y  m i d  N o v e m b e r  G e o r g e  W o o d  of  M I T  
p u b l i c  r e l a t i o n s  d e p a r t m e n t  t o o k  o v e r  [ R 5 8 1 1 1 3  + 
14 ] .  H i s  p r i m a r y  s u g g e s t i o n  w a s  t h a t  w e  t r y  to  
a r r a n g e  s o m e  s o r t  of  d e m o n s t r a t i o n  a l o n g  w i t h  
t h e  r e l e a s e .  B y  J a n u a r y  9 w e  h a d  d e c i d e d  to m a k e  
s o u v e n i r  a s h t r a y s  f r o m  t he  p a r t  p r o g r a m m i n g  
e x a m p l e  a n d  h a v e  s e n s e  s w i t c h  c o n t r o l  of  s c o p e  
p l o t s ,  e t c .  [ R 5 8 1 2 2 9 - 5 9 0 1 9 ] .  T h e  P r e s s  C o n -  
f e r e n c e  i t s e l f  t o o k  p l a c e  F e b r u a r y  25 ,  1959.  

" W e  h a d  a l i t t l e  o v e r  60 p r e s s  p e o p l e  p r e s e n t ,  
s p l i t  a l m o s t  e q u a l l y  b e t w e e n  p o p u l a r  a n d  
t e c h n i c a l  p r e s s .  T h e  i m p a c t  of  t h e  c o n -  
f e r e n c e  w a s ,  I t h i n k ,  b e y o n d  a n y o n e ' s  
e x p e c t a t i o n s .  We  e v i d e n t l y  m a d e  t he  f r o n t  
p a g e  s e v e r a l  p l a c e s  a n d  r e c e i v e d  s o m e  
r a d i o  a n d  T V  c o v e r a g e  a s  w e l l . . .  L o w e l l  
T h o m a s  a l s o  m a d e  a p u n  on  A P T ,  s a y i n g  
t h a t  w i t h  A P T  a l m o s t  a n y t h i n g  w a s  a p t  to  
h a p p e n . . .  One  of  G e n e r a l  I r v i n e ' s  s t a t e -  
m e n t s  w a s  t a k e n  o u t  of c o n t e x t  s o  t h a t  t h e  
p r e s s  r e l e a s e s  s a i d  t h a t  he  s a i d  t h a t  A P T  
w o u l d  m a k e  p o s s i b l e  a w a r  m a c h i n e  t h a t  
t h e  R u s s i a n s  w o u l d n ' t  d a r e  to  t a c k l e .  
W h e r e a s  a c t u a l l y  w h a t  he  h a d  s a i d  w a s  
m o r e  of  t h i s  k i n d  of  d e v e l o p m e n t  c o u l d  
l e a d  to s u c h  a s i t u a t i o n .  We  h a v e n ' t  y e t  
b e g u n  to  g e t  t h e  t e c h n i c a l  p r e s s  a n d  
m a g a z i n e  c o v e r a g e  w h i c h  s h o u l d  b e  m o r e  
f a c t u a l  t h a n  t h e  n e w s p a p e r  c o v e r a g e . . .  
T h e  a m o u n t  of  n o t o r i e t y  t h a t  h a s  r e f l e c t e d  
on  m e  p e r s o n a l l y  i s  q u i t e  u n n e r v i n g  b u t  I 
s e e m  to b e  s u r v i v i n g  w e l l  e n o u g h  a n d  I 
h o p e  m y  p r o f e s s i o n a l  c o l l e a g u e s  w i l l  t a k e  
m o s t  of  t he  n o i s e  w i t h  a g r a i n  of  s a l t "  
[ R59219-34]. 

I t  w a s ,  h o w e v e r ,  a f i r s t  c l a s s  j o b  a l l  
a r o u n d  vci th a m u c h  h i g h e r  t h a n  u s u a l  c o m m u n i c a -  
t i o n  of v a l i d  t e c h n i c a l  i n f o r m a t i o n  i n t o  t h e  p u b l i c  
c o n s c i o u s n e s s .  I t  w a s ,  I t h i n k ,  m o r e  t h a n  m e r e  
h o o p l a ,  f o r  t he  a d d e d  c r e d i b i l i t y  of  t h i s  w i d e -  
s p r e a d  a t t e n t i o n  h e l p e d  to s e e  t h e  A P T  P r o j e c t  
t h r o u g h  t h e  m a n y  u p s  a n d  d o w n s  in t h e  l a t e r  

m o n t h s  a n d  y e a r s .  ( T h e  r e s u m e  f o r  J a n u a r y  29 - 
F e b r u a r y  5,  1959 s a y s  " W e  a r e  g o i n g  to  c a l l  t h i s  
t h e  A P T  P r o j e c t  r a t h e r  t h a n  t h e  J o i n t  E f f o r t " .  ) 

12. P E R I O D  10: T H E  M I T  A R E L E M  E P I L O G U E  
( J u l y  1959 t h r o u g h  I u l y  1962) 

A l t h o u g h  A P T  w a s  u s e d  f o r  p r o d u c t i o n  
p a r t s  f r o m  m i d - 1 9 5 9  on ,  in  v a r i o u s  p l a c e s ,  t he  
p e r f o r m a n c e  of  A R E L E M  w a s  e x t r e m e l y  e r r a t i c  
a n d  u n r e l i a b l e .  T o  w r a p  up t h e  s t o r y  a n d  p r o v i d e  
a t i e  to  m y  l a t e r  d e v e l o p m e n t  of  p l e x ,  m y  A l g o r i t h -  
m i c  T h e o r y  of  L a n g u a g e  ( t h e  a p p l i c a t i o n  of  p l e x  
to t h e  s u b j e c t  of  l a n g u a g e ) ,  a n d  A E D ,  I w i l l  c i t e  
b r i e f l y  t h e  s u b s e q u e n t  h i s t o r y .  

A s  we  w e r e  f i n i s h i n g  up t h e  P h a s e  I d o c u -  
m e n t a t i o n ,  in  t he  s u m m e r  of  1959,  t h e  ALA A P T  
P r o j e c t  a s k e d  us  to  l o o k  i n t o  t h e  A R E L E M  p r o b -  
l e m  a t  M I T .  E v e n  t h o u g h  we  w e r e  s w i t c h i n g  o u r  
A i r  F o r c e  s p o n s o r s h i p  f r o m  A P T  to  t h e  s u b j e c t  
of  c o m p u t e r - a i d e d  d e s i g n  a n d  c o m p u t e r  g r a p h i c s ,  
w e  c a r r i e d  a l o n g  a n  A P T  c o l l a b o r a t i o n  t a s k  u n t i l  
J u l y  of  1962.  D u r i n g  t h a t  p e r i o d ,  w i t h  C l a r e n c e  G.  
F e l d m a n n  ( a n d  p a r t  of  t he  t i m e  w i t h  J o h n  F .  
W a l s h )  I w o r k e d  o u t  a c o m p l e t e l y  n e w  a p p r o a c h  
w h i c h  b e c a m e  k n o w n  a s  t h e  " M I T  A R E L E M " ,  
w h i c h  s t i l l  f o r m s  t h e  b a s i s  f o r  t he  A P T  s y s t e m  
u s e d  w i d e l y  t o d a y [ M I T  1 9 6 1 ] .  W e  d i d  two  c o m -  
p l e t e  v e r s i o n s  of  t h i s  A R E L E M  a n a l y s i s ,  t h e  
F i r s t - O r d e r  A n a l y s i s  b e i n g  b a s e d  p r i m a r i l y  u p o n  
l i n e a r  a p p r o x i m a t i o n s ,  t h e  S e c o n d - O r d e r  A n a l y s i s  
d i r e c t l y  t a k i n g  i n t o  a c c o u n t  t he  c u r v a t u r e  a p p r o x i -  
m a t i o n s  to  y i e l d  m u c h  m o r e  e f f i c i e n t  r e s u l t s .  
B o t h  a n a l y s e s  g a v e  " g u a r a n t e e d  c u t  v e c t o r s "  in  
t h e  s e n s e  t h a t  u s i n g  t h e  a c t u a l  p o i n t s  of  t a n g e n c y  
to t h e  s u r f a c e s  i n v o l v e d ,  t h e  " d e e p e s t  p o i n t  of  
g o u g e "  w a s  d e t e r m i n e d  w i t h  r e s p e c t  to  i n d e p e n d e n t  
i n s i d e  a n d  o u t s i d e  t o l e r a n c e  b a n d s  a t  b o t h  e n d s  of  
t h e  s t r a i g h t - l i n e  c u t  v e c t o r ,  a s  w e l l  a s  i n  t h e  
m i d d l e  of t h e  c u t .  We a l s o ,  in  o u r  M I T  v e r s i o n ,  
h a d  a s c h e m e  c a l l e d  " p a r a b o l i z a t i o n "  w h i c h  i s  a 
g e n e r a l i z e d  s c h e m e  f o r  d r a s t i c a l l y  s p e e d i n g  up 
a n d  g u a r a n t e e i n g  t h e  c o n v e r g e n c e  of  i t e r a t i v e  
v e c t o r  c o m p u t a t i o n s .  B o t h  v e r s i o n s  of  t h e  p r o -  
g r a m  a l s o  i n c o r p o r a t e d  a d a p t i v e  " l e a r n i n g "  to  
g e n e r a t e  e x c e l l e n t  s t a r t i n g  c o n d i t i o n s  f o r  t h e  c u t  
v e c t o r  i t e r a t i o n s .  T h e  s c h e m e  f o r  e f f i c i e n t l y  
s e l e c t i n g  t he  a p p r o p r i a t e  t o o l  s e g m e n t  f o r  u s e  w i t h  
a g i v e n  c e n t e r  of  c u r v a t u r e  of  a s u r f a c e  i s  i n t e r e s t -  
i n g  b e c a u s e  i t  c o r r e s p o n d s  a l m o s t  e x a c t l y  to  t h e  
g u a r d e d  c o m m a n d s  of  D i j k s t r a  [ 1 9 7 5 ] ,  i n c l u d i n g  
s e v e r a l  v e r y  e f f i c i e n t  a l g o r i t h m s  f o r  e v a l u a t i o n  of  
" s i m u l t a n e o u s  B o o l e a n  e x p r e s s i o n s "  w i t h  a m i n i -  
m u m  n u m b e r  of  s t e p s  [ M I T  1961 ,  pp  6 1 - 6 6 ] .  

A l t h o u g h  w e  h a d  a l l  of  t h e s e  v e r s i o n s  of  t h e  
M I T  A R E L E M  w o r k i n g  a t  M I T  a t  v a r i o u s  t i m e s ,  i t  
w a s  a l e n g t h y  p r o c e s s  a n d  w e n t  t h r o u g h  s e v e r a l  
s t a g e s  of  i n t e r a c t i o n  w i t h  t he  o n - g o i n g  A I A  A P T  
P r o j e c t .  T h e  v e r y  f i r s t  i n c o m p l e t e  v e r s i o n  w a s  
m a d e  m o s t l y  w o r k a b l e  b y  p r o g r a m m e r s  f r o m  
C h a n c e - V o u g h t  a n d  w a s  u s e d  in  A I A  A P T  f o r  a 
s h o r t  t i m e  e v e n  t h o u g h  we  w e r e  c o n t i n u i n g  w i t h  
t h e  d e v e l o p m e n t s  f u r t h e r  a t  M I T .  F e l d m a n n  s p e n t  
m a n y  m o n t h s  a n d  m a n y  t r i p s  w o r k i n g  d i r e c t l y  w i t h  
t h e  S a n  D i e g o  A P T  P r o j e c t ,  f i r s t  h e l p i n g  t h e m  to- 
p r o g r a m  t h e  F i r s t - O r d e r  A n a l y s i s  in  F O R T R A N ,  
a n d  l a t e r  i n c o r p o r a t i n g  p o r t i o n s  of  t h e  S e c o n d -  
O r d e r  A n a l y s i s  a s  w e l l .  T o  o u r  k n o w l e d g e  t he  
AIA  A P T  n e v e r  d i d  i n c o r p o r a t e  t h e  c o m p l e t e  M I T  
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S e c o n d - O r d e r  A n a l y s i s  wi th  p a r a b o l i z a t i o n ,  and 
the w o r k  had d r a g g e d  out  to such  an e x t e n t  and we 
w e r e  so d e e p l y  into the b e g i n n i n g s  of A E D  by 196Z, 
tha t  we n e v e r  did c o m p l e t e  the d o c u m e n t a t i o n  of 
the f ina l  a n a l y s e s  beyond  the qu i te  c o m p l e t e  d e -  
s c r i p t i o n s  that  a p p e a r e d  in our  MIT p r o j e c t  
I n t e r i m  R e p o r t s .  By  tha t  t i m e ,  h o w e v e r ,  the A P T  
Long Range  P r o g r a m  was  b e g i n n i n g  at  A r m o u r  
R e s e a r c h  F o u n d a t i o n  (now IITRI)  [ Dobe 1969] so 
tha t  the A P T  P r o j e c t  m a n a g e d  to ge t  a long  wi thou t  
ou r  f u r t h e r  i n t e n s i v e  a s s i s t a n c e •  

The  p r o g r a m m i n g  and t e s t i n g  of the MIT 
A R E L E M f r o m  1959 t h r o u g h  1961 was  the p l ace  
w h e r e  we f i r s t  w o r k e d  out the i d e a s  and a p p r o a c h e s  
to n - c o m p o n e n t  e l e m e n t  p l e x  p r o g r a m m i n g  us ing  
" r e v e r s e  i ndex  r e g i s t e r s ~ ' .  E a c h  tool  s e g m e n t  
and e a c h  s u r f a c e  had m a n y  p a r a m e t e r s  w h i c h  w e r e  
kep t  t o g e t h e r  in a b l o c k  of con t iguous  s t o r a g e  wi th  
d i f f e r e n t  c o m p o n e n t s  a c c e s s e d  by an a p p r o p r i a t e  
s e t t i n g  of an i n d e x  r e g i s t e r  w h i c h  po in ted  to the 
head  of the b l o c k  and the o f f s e t  wi th  r e s p e c t  to the 
index  p i cked  up the c o m p o n e n t .  We a l s o  used  the 
s a m e  me thod  to e m b e d  t r a n s f e r  i n s t r u c t i o n s  in the 
n - c o m p o n e n t  e l e m e n t s  so tha t  an i ndexed  t r a n s f e r  
j u m p  t h r o u g h  the e l e m e n t  would  ac t  as  a s w i t c h  
in a p r o g r a m •  In th is  way  m e r e l y  by changing  the 
index  r e g i s t e r  p o i n t e r  f r o m  one tool  s e g m e n t  to 
a n o t h e r  o r  one s u r f a c e  to a n o t h e r ,  the e n t i r e  
c o l l e c t i o n  of p r o g r a m s  c o n s t i t u t i n g  A R E L E M  
would  r a d i c a l l y  change  bo th  i ts  da ta  and i t s  f l ow-  
o f - c o n t r o l  b e h a v i o r .  A l though  now c o m m o n p l a c e  
in a d v a n c e d  p r o g r a m m i n g  l a n g u a g e s ,  th is  was  a 
r a d i c a l  i n n o v a t i o n  in 1959. It w a s ,  h o w e v e r ,  v e r y  
n a t u r a l  in the co n t ex t  of our  A R E L E M  a n a l y s i s  and 
the n a t u r e  of the p r o b l e m  we w e r e  so lv ing•  

One th ing  that  has  a l w a y s  d i s a p p o i n t e d  me 
is  tha t  th is  e n t i r e  m a s s i v e  e f f o r t  had so l i t t l e  
d i r e c t  i m p a c t  on the o t h e r  d e v e l o p m e n t s  in p r o -  
g r a m m i n g  l a n g u a g e  and c o m p u t e r  s c i e n c e  d e v e l o p .  
m e n t s .  F o r  the m o s t  p a r t  the (by now) s e v e r a l  
h u n d r e d  c o m p u t e r  p r o g r a m m i n g  peop le  who have  
w o r k e d  on the s y s t e m  h a v e  b e e n  f r o m  i n d u s t r y ,  not  
a c a d e m i a .  P a p e r  w r i t i n g ,  e x c e p t  a d d r e s s e d  to the 
" i n - g r o u p " ,  has  b e e n  a l m o s t  n o n - e x i s t e n t .  The  
con t inua l  e v o l u t i o n  of m o r e  s o p h i s t i c a t e d  f e a t u r e s  
in s y s t e m s  w h i c h  w e r e  in d a i l y  p r o d u c t i v e  use  
m e a n t  that  a l m o s t  n e v e r  was  a c o m p l e t e ,  e l e g e n t  
pa ckage  a v a i l a b l e  f o r  c o n c i s e  d e s c r i p t i o n  and d o c u -  
m e n t a t i o n .  F i n a l l y ,  the s y s t e m  and p r o b l e m  a r e a  
i t s e l f  is  so c o m p l e x  and e l a b o r a t e  that  i t  is  d i f f i cu l t  
to i s o l a t e  a s i n g l e  top ic  in m e a n i n g f u l  f a s h i o n  fo r  
p r e s e n t a t i o n  to those  no t  f a m i l i a r  wi th  the c o m p l e t e  
A P T  and n u m e r i c a l  c o n t r o l  c u l t u r e .  F o r  the m o s t  
p a r t ,  A P T  was  v i e w e d  wi th  r e s p e c t ,  but  f r o m  a 
d i s t a n c e ,  by m e m b e r s  of the c o m p u t e r  s c i e n c e  
c o m m u n i t y ,  e v e n  though  m a n y  of the s i g n i f i c a n t  
d e v e l o p m e n t s  of the '70s  f i r s t  w e r e  t r i e d  out  in 
the '60s  in A P T .  

In any c a s e ,  I hope  tha t  th i s  h i s t o r i c a l  look  
into the b e g i n n i n g s  of A P T  has  he lped  to r e d r e s s  
the b a l a n c e ,  s o m e w h a t .  I b e l i e v e  the h y p o t h e s i s  
of my  t h e m e  - -  tha t  a l t hough  old,  the o r i g i n a l  A P T  
was  " m o d e r n " ,  b e c a u s e  o t h e r w i s e  i t  could  not  
have  b e e n  done - -  i s  s u p p o r t e d  by the f a c t s  f r o m  
w h i c h  I found it  e m e r g i n g •  The one so l id  c o n c l u -  
s ion I have  r e a c h e d  is  tha t  i t  is  m u c h  e a s i e r  to 
make  h i s t o r y  than  to w r i t e  about  it .  I now h a v e  
added  to my A P T  f i l e s  e n d l e s s  n o t e s  and c r o s s  

r e f e r e n c e s  tha t  may ,  s o m e d a y ,  be use fu l  to r e a l  
h i s t o r i a n s •  A l l  I can r e a l l y  say  is  tha t  an awful  
l o t  of peop le  did an awful lo t  of good w o r k  in t hose  
days .  I ' m  glad I w a s  p a r t  of i t  a l l .  
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