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K O L  -  A B S t T F A C T  

I  A  T h i s  r e p o r t  i s  a  r e f e r e n c e  m a n u a l  f o r  a  p r o g r a m m i n g  l a n g u a g e  
d e v e i O l p e d  a t  S t a n f o r d  R e s e a r c h  I n s t i t u t e  f o r  t h e  S c i e n t i f i c  D a t a  
S y s t e m s  9 4 0  c o m p u t e r .  T h e  c o m p i l e r  i s  f u i  l y ,  o p e r a t i o n a l ;  i t  i s  
w r i t t e n  i n  i t s  o w n  l a n g i a g e .  c o m p i l e s  1 1  s e l T .  a n d  i s  i n  d a i l y  u s e  f o r  
d e v e l o p m e n t  o f  o u r  C R T - d i s p l a y  s e r v i c e  s y s t e m .  

I B  T h e i  r a m e  M 0 L 9 4 C  ( o r  s i m p l y  M 0 L ) »  i s  a n  a c r o n y m  f o r  
"  M a c f i i l n e - O r  i  e n t e  d  L a n g u a g e . "  M Q L  i s  a n  A L G O L - l i k e  l a n g u a g e  w i t h  
n a t u r a  1  e x t e n s i o n s  f o r  o i t  m a n  i p u l a t i o n .  T h e  a d d e d  s y n t a x  s t r o n g l y  
r e f l e c t s  t h e  i n t e r n a l  d e s i g n  o f  t h e  S D S  9 4 Q »  i n  a c c o r c a n c e  w i t h  t h e  
n a m e  K O I .  

I C  T t i e i  i n t r o d u c t i o n  t c  t h i s  r e p o r t  i n c l u d e s  a  b r i e f  s u m m a r y  o f  o t h e r  
p r o j e c t s  o f  t h e  s a m e i  r a t u r e  w h i c h  w e r e  k n o w n  t o  t i e  a u t h o r s .  T h e r e  
i s  a l s o  a  d i s c u s s i o n  c f  t h e  d e s i  g r  c r i t e r i a  t h a t  s h a p e d  t h e  M O L .  T h e  
m a  j o r  t o p i c s  a r e  t h e  c o m p r e  h e n s  i  b  i  1  i  t  y  o f  p r o g r a m s  w r i t t e n  i n  t h e  
l a n g u a ; g e <  t h e  n e e a s  o f  s y s t e m  p r o g r a m m e r s  w o r x i n g  i w i t f i r  a  
t i m e - s  h i r  i n g  s y s t e m ,  a n d  t h e  e f f e c t s  o n  c o d i n g  t h a t  r e s u l t  f r o m  u s i n g  
a n  o n - i l  i n e  C R T .  

I D  A  c o m p l e t e  d e f i n i t i o n  o f  t h e  l a n g u a g e  i s  g i v e n ,  u s i n g  a n  e x t e n d e d  
b a c k u s !  F o r m a l  t o r n ;  i n c l u d e d  a r e  s e m a n t i c  e x p l a n a t i o n s  a n d  e x a i p t e s .  
a  s a m p i l e  p r o g r a m ,  a n d  s e m e  e x a m p l e s  o f  c o d e  p r o d u c e d  o y  t h e  M Q L  
comp 11 er  .  
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r O l  -  A 8 S S T F A C T  

2 A  A O s  t r a c t  

2 B  F o r  e u o r d  

2 C  C o n t t e n t s  

2 0  I n t r o d u c t i o n  

2  £  D e  f i i r  i  t  i o n s  

2F  S i m t  sk  

2 G flpc witi^ws 

2 H  S a m p l e  p r o g r a m s  a n d  c o m p i l a t i o n s  

21 List ing 

2  J  S u p p o r t  L i b r a r y  

2 K  B  i a i l  l o g r a p h y  
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M O L  -  F O R E W O R D  

,A<L 
3 A  D e v e l o p m e n t  o f  t h e  M O L  ( M a c h i n e - O r i e n t e d  L a n g u a g e )  i n i t i a l l y  O e g a n  
i n  i J c i t c o e r  1 9 6 6  u n c e r  A R N A S - N A S A  s p o n s o r s h i p .  A l t h o u g h  c o m p l e t i o n  
t o o k  a p p r o x i m a t e l y  o n e  y e a r *  o n l y  s i x  m a n  m o n t h s  h a v e  o e  e n  i n v e s t e d  
i n  t h e  p r o  j e c  t .  T h e  A u g m e n t e d  H u m a n  I n t e l l e c t  ( A H I )  P r o  y r  a m  
( E N G £ L » B A R T 7 >  i s  u s i n g  t h e  M O L  a s  t h e  h a s e  l a n g u a g e  f o r  i t s  s o f t w a r e  
e f f o r t .  T h e  l a n g u a g e  a n a  c o m p i l e r  h a v e  o e e n  e x p l i c i t l y  d e s i g n e d  t o  
f a c i l i t a t e  c o n c u r r e n t  m o d i f  i c a t i o n  a n d  d e v e l o p m e n t  o f  A H I  p r o g r a m / n i  n y  
t  e c h o  i q t e s  .  

3 B  T h i s  r e p o r t  h a s  b e e n  p r e p a r e d  w i t h  t h e  O n - L i r e  T e x t  M a n i p u l a t i o n  
S y s t  e m  •  a n d  c o n s e q u e n t l y  i t  d i f f e r s  i n  a  f e u  r e s p e c t s  f r o m  o t h e r  
t e c l r i c i l  r e p o r t s .  A l l  p a r a g r a p h s  a r e  h i e r a r t f i  c a  I  l y  n u m b e r e d ;  
c e r t a i n  p a r a g r a p h s  b e a r  " n a m e s * "  a n d  r e f e r e n c e s  a p p e a r  a s  a n  a u t h o r ' s  
n a m e *  i p e r h a p s  w i t h  a  s e q u e n c e  n u m b e r *  e n c l o s e d  i n  p a r e n t h e s e s .  
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M O L  -  I A I T I R C D U C T  I O N  

4 A  O r i g i n a l  c o . P u t e r  . a n 9 u a , e  d . v . l o P . e d t  . . s  . u i d a d  b p  _ l « e  

„ U t l n t  p « - ^ i e n ^ d  i ' a ^ s  
" e U  l u I m L c  a n d  a i . e o r a i c  n a t . r e .  d u e  d e s t r o y e d  

t h e i r  u s e f u l n e s s  a s  s y s t e m  p r o g r a m  l a n g u a g e s .  

4 A I .  I  h e  c o n c e r n s  o f  s y s t e .  p r  o s r a . m  e r  s  s u c h  a s  I  r f  f  i  c i  e n c p .  t  i , h  t  

c o d e ,  a n d  u i t  » a n i p u l a t i o n s  r e q u i r e  a  o l  P f  a r  e n t  n r i e  n  •  
M a c h i n e  i n d e p e r d e n c e  a n d  a l g e b r a i c  c o n s t r u c t s  a r e  n o t  d i s c a r d e d  
b u t  a r e  e n h a n c e  d ;  a d d i t i o n a l  f e a t u r e s  a r e  i n c l u d e d  t o  p e r .  t  

s u c c i n c t ,  e x p l i c i t  r e f e r e n c e s  t o  h a r d w a r e  f u n c t i o n s  n e c e s s a r y  
s y s l t  e n s  p r o g r a m  m i  n g  o n  a  d  i  s P  1  a y - o r  i  e n  t  e d  t i m e - s h a r i n g  c o m p u t e r .  

4 B  E r w . i r  B o o k  ( S e e  B O C K I  )  o f  S y s t t e m  D e v e l o p m e n t  C o r p o r a t  i o n  s " p p £ * *  
J i a i n a l  i m p e t u s  f o r  o u r  n e w  l a n g u a g e  w i t h  h i s  U  3 1  

t h e  01 i g  N i k l a u s  W i r l h  s i m u l t a n e o u s l y  m a c h i n e - o r i e n t e d  l a r g u a g e  ( M O L ) .  N i k l a u s  w i r e  p - i f e O  
u n d e r t o o k  a  s i . l i a r  p r o j e c t  u h i l e  a t  S t a n f o r d  U n i v e r s  t p .  ;  
T s e e  W l f T H I .  - a s  c e s i s n e d  a s  a  p r e c e d e n c e  - S e e  - I R I H 2  
u s e d  t o  i m p l e m e n t  a  v e r s i o n  o f  A L G O L  o n  t h e  I B M  3 6 0  .  

4 C  O u r  a i m  t h r o u g h o u t  t h e  d e v e l o p m e n t  o f  M O L  9 4 0  w a s  t o  d e s i g n  a  
coord ina te  1  a n u u a ,  e  -  to  . P  i l  e r  pa ir  tna t  P e n . i t s  the  o f  
c l e a r .  c o n c i s e  a l g o r i t h m s  a n d  t h e  p r o d u c t i o n  o f  e f f i c i e n t .  t i g h t  
c o d e  W i t h  s u c h  a  l a n g u a g e ,  f e w e r  b u g s  s l i p  i r  < d u r i n g  « c o d i n g ,  
p r o g r a m m e r s  c a n  s a y  w h a t  t h e y  w a n t  i n  f e w e r  w o r c s .  a n d  ( w i t h  a  U  
l u c k i  o r e  c a n  p i c k  U P  - s c m e  o f  h i s  y e a r -  o l d  c o d e  a n c  u n d e r s t a n d  i t .  

4  t h  A  I g o r  i t  h a  i c  c l a r i t y  i s  m a i n l y  d u e  t o  t h e  s t r u c t u r e  i m p l i c i t  i n  
t . h e  s y n t a x  o f  t h e  l a n g u a g e .  

4 C I A  I t  i s  s i g n i f i c a n t  i n  t h i s  r e g a r d  t h a t  l a b  e l s  h a  v e  £  
. d i s a p p e a r e d  i n  e x i s t i n g  M O L  c o d e .  I n s t e a d  t h e  C A S E  a n d  W H I L E  
s t a t e m e n t s  a r e  t h e  p r i m a r y  m e a n s  o f  c o n t r o l l i n g  P ^ a m  f l °  
( < e e  W I R I H 3 ) .  T h e  p r o g r a m  i s  n o t  i n t e r l e a v e d  w i t h  m a n y  G O T O  
s t a t e m e n t s  t r a n s f e r r i n g  i n t o  a n d  o u t  o f  s e c t i o n s  » '  
. t h a t  o n l y  t h e  o r i g i n a l  p r o g r a m m e r  c a n  r e m e m o e r  a l l  t h e  
I c e r t a i n  s t a t e m e n t  m a y  o e  r e a c h e d .  J u s t  t h e  w a y  M O L  c o d e  
a p p e a r s  o n  a  p a g e  m a k e s  t h e  a l g o r i t h m i c  f l e w  c l e a r  ( S e e  

•  S C H O R R E  I  ) -

; 4  C I B  T h e  s u c c i n c t n e s s  o f  i n f i x  n o t a t i o n  r a t h e r  t h a n  
l a n g u a g e  a l s o  a d d s  c l a r i t y .  I t  i s  o f t e n  o u i t e  d l f ^ e l t  c  

. P i c k  U P  a  r a n d o m  p a g e  o f  m a c h i n e  c o d e  a n d  r e c c g n i z e  t h a t  m  s e t  
• o f  f i v e  l i n e s  d o i n g  v e r y  s t r a n g e  t h i n g s  a r e  a c t u a l l y  t e s  g  
f o r  a  f l a g  i n  a » w c r o ,  b u t  i t  i s  v e r y  e a s y  l o  r e c o g n i z e  a  l i n e  
o f  M O L  a n d  " s e e "  a  t e s t  b e i n g  m a d e .  

4 C z l  C u r  c o n c e r n  f o r  t h e  p r o d u c t i o n  o f  t i g h t  c o c e  l e d  u s  t o  b e l i e v e  
t h a t  p r o g r a m m e r  l a r d  . c o m p i l e r  m u s t  w o r k  t o g e t h e r .  t h e  c o m p i l e  
a l o n e  c a n n o t  d o  t h e  j o b .  
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M O L  -  I J i T i R C D U C T  I O N  

' . 4 C 2 A  W h i l e  t h e  p r o g r a m m e r  c a n  d o  t h e  j o b  a l c n e ,  i b  i s  u s u a l l y  
i t c o  t i m e  a o r s u m i n g .  T h e  i d i o s y n c r a s i e s  o f  t h e  S D S  9 4 0  a r e  
r e f l e c t e d  i n  t h e  s p e c i a l  c o n s t r u c t s  i n c o r p o r a t e d  i n  t h e  M O L  
i w f i c h  a l l o w  t h e  p r o g r a m m e r  c o n t r o l  o f  t h e  c o d e  t h a t  i s  
I g e n e r a t e d  a r d  t h e  w a y  i n  w h i c h  r e g i s t e r s  a r e  u s e d .  

4 C J  W e  h a v e  a l s o  i n c l u d e d  r a t h e r  g e n e r a l  e x p r e s s i o n s  a n d  
a s s i g n m e n t  s t a t e m e n t s  i n  t h e  M O L .  A t  t i m e s  t h e  p r o g r a m m e r  h a s  n o  
n e e d  f o r  t i g h t  c o d e  a n d  s h o u l d  b e  a b l e  t o  u s e  t i h e  M O L  o n  a  h i g h e r  
i e v : e l *  l e a v i n g  a l l  t h e  w o r r y i n g  a b o u t ,  f i n a l  c o n s t r u c t s  t o  t h e  
c o m i p i  i e r .  

4C4- A unique considerat ion within the MOL design cr i ter ia  i s  the 
a c c  o i r  m o  d a  t  i  o n  o f  p o t e n t i a l  c o o r d i n a t i o n  b e t w e e n  t h e  s t r u c t u r e  o f  
t i h e  l a n g u a g e  a n d  a  d i  s p  l a  y - o r  i e n t e d  t i m e -  s h a r i n g  t e x t  e d i t o r .  

• 4C4A With such a  systemi there  may not  exis t  hard copy and the 
p r o g r a m m e r  w o u l d  b e  a b l e  t o  s e e  n o  m o r e  t h a n  s o m e  t w e n t y  l i n e s  
o f  h i s  p r o g r a m  a t  a n y  o n e  t i m e .  

14C48 Mucn can b e  d o n e  t o  e a s e  t h e  p r o g r a m m e r *  s  m o v e m e n t s  w i t h i n  
t h e  c o d e  t o  f a c i l i t a t e  m a n i p u l a t i o n  o f  l o g i c a l  c h u n k s  o f  c o d e  

l a r d  t o  a L l o u  a t  l e a s t  e v e r y t h i n g  t h a t  c a n  b e  d o n e  w i t h  c a r d s  
t a r d  a  i i s t i i r g .  

4C4C We would l ike to  give the programmer ever  more for  we feel  
i t l a t  o u r  t e x t  s t r u c t u r e  c o n v e n t i o n s  a n d  t h e  a s s o c i a t e d  f e a t u r e s  
• o f  N L T S  c a n  b e  u s e d  f o r  a l g o r i t h m  a n a l y s i s ;  t h e s e  t e c h n i q u e s ,  
c c u p  i e  d  w i t h  t h e  d e s i g n  o f  t h e  l a n g u a g e  a n d  o f  t h e  c o m p i l e r ,  
p r o v i d e  g r e a t e r  p o w e r  a n d  f a c i l i t y  f o r  c e a l i n g  w i t h  p r o g r a m  
I d e s i g n  t h a n  m o r e  c o n v e n t i o n a l  m e t h o d s  s u c h  a s  f l o w  c h a r t s .  I n  
E S D I  w e  p r e s e n t e d  i s o m e  b a s i c  d i s c u s s i o n  i n  t h i s  d i r e c t i o n  ( S e e  
E N G E L 8 A R T | )  .  

4 D  i f h e  M O L  9 4 0  c o m p i l e r  u s e s  a  M E T A  c o m p i l e r  p a r s e r  a n d  a  g e n e r a l  
o p e r a t  0 1  o p e r a n d  s t a c k  :  f o r  t h e  c o d e  p r o d u c i n g  a l g o r i t h m .  A d d i t i o n s  
t o  t h e  s y n t a x  t a k e  o n l y  m i n u t e s  t o  i m p l e m e n t .  A s  a  r e s u l t  w e  d o  n o t  
t r y  t o  p l a n  f o r  a l l  f u t u r e  c o n s t r u c t s .  I n s t e a d ,  o u r  a t t i t u d e  o f  
r e s t r a i n t  m e a n s  t h a t  s y n t a x  i s  a d d e d  w h e n  t h e  n e e d  a r i s e s  a n d  t h e  
s t y l e  o f  t h e  c o n s t r u c t  i s  w e l l  t h o u g h t  o u t .  
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M O L  -  D £ F i  I N I T I O  N S  

5A T ernni  no io gy 

5 A J  T h e  s y n t a x  f o r  t h e  M O L  l a n g u a g e  i s  w r i t t e n  i n  * t h e  M E L A  I I  
n o t a t i o n .  T h i s  p r o v i d e s  a n  e a s y  m e a n s  o f  e x p r e s s i n g  t h e  s y n t a *  i n  
a  f o r m  t h a t  i s  r e a d a b l e  b y  b o t h  m a n  a n d  m a c h i n e *  y e t  a l l o w s  g r e a t  
e a s e  a n d  f l e x i b i l i t y  i n  m o d i f y i n g  t h e  c o n s t r u c t s  t h a t  o e s c r i D e  t h e  
l a n  g u a g e  .  

IS A I A  T h e  n o t a t i o n  u s e d  f o r  t h e  M E T A  I I  s y n t a x *  a s  w e l l  a s  f o r  
i t t e  M C L  l a n g u a g e *  i s  q u i t e  s i m i l a r  t o  t h e  n o t a t i o n  u s e d  i  i n  t h e  
A L G O L  6 0  r e p o r t .  

i 5 A I B  T e r m i n a l  s y m b o l s  a r e  r e p r e s e n t e d  a s  s t r i n g s  o f  c h a r a c t e r s  
i b c u n d e d  o y  q u o t e s .  N o n t e r m i n a l  s y m b o l s  t a k e  t h e  f o r m  o f  a n  
A L G O L  i d e n t i f i e r  ( i . e . *  a  l e t t e r  f o l l o w e d  b y  a  s e q u e n c e  o f  
l e t t e r s  o r  d i g i t s ) .  

5 A I B 1  A n y  t e r m i n a l  s y m b o l  c o n s i s t i n g  o f  s  s i n g l e  c h a r a c t e r  
n i  a  y  b e  p r  e  c e  d e  d  b y  a  s i n g l e  q u o t e  r a t h  e r  t  h a  n  e  n c  I  o  s e  d  i n  
q u o t e s  t o  i n d i c a t e  t h a t  i t  i s  t e r m i n a l .  

i 5 A J C  C o n c a t e n a t i o n  i s  d e s i g n a t e d  i  b y  w r i t i n g  i t e m s  
c o n s e c u t i v e l y .  T h e  i t e m s  a r e  s e p a r a t e d  b y  s l a s h e s  t o  i n d i c a t e  
a l t e r n a t i o n .  E a c h  s y n t a x  e q u a t i o n  e n d s  w i t h  a  s e m i c o l o n .  

) 5 A J D  A  s p e c i a l  s y n t a c t i c  e n t i t y  r e p r e s e n t e e  a s  " . e m p t y "  h a s  
b e  e n  i  n c  o r  p o  r a  t e d  t o  i n d i c a t e  t  h a  t  a  s y  n t  a c  t i c  e l e m e n t  i s  
o p t i o n a l *  a n d  i s  u s u a l l y  u s e d  i n  c o n j u n c t i o n  w i t h  a l t e r n a t i o n .  

t S A l E  A l s o .  i t  i  i s  p o s s i b l e  t o  " f a c t o r "  p a r t  o f  a  s y n t a x  
e q u a t i o n ;  t h a t  i s *  p a r e n t h e s e s  c a n  b e  u s e d  t c  g r o u p  a  s e o u e n c e  
o f  i t e m s  s o  a s  t o  t r e a t  i t  a s  a  s i n g l e  i t e m .  

I5 A 1 F  A  s p e c i a l  . o p e r a t o r .  » $  n  ( w h e r e  m  a n d  n  a r e  o p t i o n a l  
i n t e g e r s ) ,  i s  a l s o  u s e d  t o  d e s i g n a t e  " a n y  n u m b e r  b e t w e e n  m  a n d  
n  o f  o  c c  u r r e n c  e s  o f  t h e  f o l l o w i n g  i t e m .  T h e  c e  f a u l t  v a l u e s  o f  
r a  a n d  n  a r e  z e r o  a n d  i n f i n i t y .  T h i s  m a k e s  i t  p o s s i b l e  t o  
r e d u c e  t h e  n u m b e r  o f  e q u a t i o n s  n e e d e d  t o  o b t a i n  r e c u r s i o n  o n  
s o m e  i t e m  i n  t h e  s y n t a x .  F o r  e x a m p l e *  t h e  s t a n d a r d  d e f i n i t i o n  
o f  i d e n t i f i e r  n e w  b e c o m e s !  

5  A I  F  i  i d e n t i f i e r  =  l e t t e r  S ( d i g i t  /  l e t t e r ) ; .  

5 A 2  T h e  d e s i g n  p h i l o s o p h y  f o r  t h e  M O L  c o m p i l e r  w a s  t o  f o l l o w  t h e  
M £ T A  I I  d e s i g n ,  i . e . *  t h a t  o f  r e c u r s i v e  r e c o g n i z e r s .  T h e  r e a s o n s  
f o r  t h i s  c h o i c e  c e n t e r  a r o u n d  t h e  f o l l o w i n g  c o n s i d e r a t i o n s :  

i 5 A 2 A  M o s t  t  o f  t h e  p e o p l e  u s i n g  a n d  d e s i g n i n g  t h e  M O L  l a r g u a g e  
l a r d  c o m p i l e r  h a v e  h a d  d i r e c t  e x p e r i e n c e  w r i t i n g  r e c u r s i v e  
r e c o g n i z e r  c o m p i l e r s .  

3 



M O L  -  D E F I N I T I O N S  
, S f 2 B  T o  d e s i g n  a  p r e c e d e n c e  g r a m m a r  a n d  c o m p i l e r  m e a n s  t h a t  t h e  

kSSS^-BSSSTSSSSS 
i t f e  e x i s t i n g  r e i a t i i c n s .  

5 8  B a s i c  S y m b o l s  a n d  S y n t a c t i c  E n t i t i e s  

561 G e n e r a l  V o c a b u l a r y  

5 E J A  T e r m i n a l  V o c a b u l a r y  

5 B I A 1  A B C  D E F G H I  
3 4 5 6 7 8 9 0 ( ) - f  

J K L M N O P Q  
= - + 

R  S  T  U  V  X  Y  
,  .  /  <  >  t  3  

1  2  

5 B I A 2  A N D  B E G I N  B U M P  B Y  C A L L  C A S E  O E C L A  R f  J ; 0  j j ?  * I N i i J : E  

c M n  c w n p  E N T R Y  E X E C U T E  E X T E R N A L  F I N I S H  F O R  F R O Z E N  G O  O O T Q  
I f  I N C  " N O T  N L L L  O F  O R  P O P  P R E F I X  P R O C E D U R E  P R O C  J t T U R N  S E  
S T E P  T H E N  T O  U N T I L  V I R T U A L  W H I L E  . A  . E  . V  - L T  - L E  . I E Q  . N  

G E  . G T  . C B  -  N C B  . A R  . B R  . X R  - B R S  . L S H  . L C Y  . L R S H  . R C Y  . R S  

,5E IB Nonterminal Vocabulary 

c o i d  I  <  a b  x  r  e  g  >  < a c t u a l >  < a c t l >  < a c t 2 >  < a c t 3 >  < a c t 4 >  
< a d d r e s s » * ^ r p o s >  < a s s  i g n >  < b , n d >  w  
< o o u n d >  < b u i  I t i n >  < b u . P »  < c a i l >  < c a s e >  ^  
< d e  c l >  < d e c i a r a t i o n  >  < e n t r y >  < e q u >  < e q u l >  < e x p >  e x t  e  

. r .  r .  <  f  o r m a I >  < f o r » l »  < f o r . 2 »  < f o r . 3 >  < f o r » 4 >  
<  f r o z e n  >  < f « l >  < 9 » t o >  < i c o n .  < i f >  < i . . e d i a t e >  
<  i n  d i  r e  c t  >  <  i  n t  er s e c t  i o n >  < i t e m >  < i l t c r a t i v e >  < l a b e i e d >  
< n e g a t  i o r >  , < r u l l >  < p a r i c >  < p r e f i x >  < p r i B a r y >  < p r o c e d * r e >  
< p r  o d u c  t  >  < r e l a t i o n >  < r e t u r n >  < s i m P i e >  < s u m  >  

< u n  i o n >  < v a l u e >  < v a r i a b l e >  < v a r f u n >  < v i r t u a l >  <  u h  1 1  e >  

5621 Fr im it ives 

5 6 2 A  I d e n t i f i e r s :  4 n  i d e n t i f i e r  i s  a  s y .  b o  1  ° a  
q u a n t i t y  ( s u c h  a s  a  p r o c e d u r e ,  a  v a r . a b l e . i  c r  a n  a r r a y ! .  
l a b e l  o r  f o r m a l  p a r a m e t e r .  

5 B 2  A  i  S y n t a x :  i d  =  l e t t e r  $ 5 ( l e t t e r  /  d i g i t ) ; .  

5 B 2 A 2  S e x a n t i c s :  A n  i  d e n  t i  f  i  e r  (  o r  
s t r i n g  o f  l e t t e r s  a n d  d i g i t s .  w i t h  
t h e  f i r s t  o f  u h i c h  m u s t  b e  a  l e t t e r .  

m o r e  s i m p l y  a n  i d )  i s  a  
a  m a x i m u m  l e n g t h  o f  6 .  

5 B 2 A 2 A  A l l  i d e n t i f i e r s  t h a t  a r e  l o c a l  t o  a  p r o c e d u r e  m u s t  
b e  d e c l a r e d  a t  t h e  b e g i n n i n g  o f  t h e  p r o c e d u r e .  
v a r i a b l e s  n o t  d e c l a r e d  o r  u s e d  a s  l a o e l s  a r e  a s s u m e d  

v «  i r  i  u a  1  d e f i n e d  i n  s o m e  o t h e r  p r o c e d u r e - N o  

4 



K O I  -  D t f t I M  T I C N S  

d i s t i r c t i i c n  i s  m a d e  a m o n g  a r r a y ,  p r o c e d u r e ,  a n d  i a o e  1  
u s e s  o f  i d e n t i f i e r s .  

5 B 2 A 3  E x a m p l e s  o f  I d e n t i f i e r s :  

5 B 2 A 3 A  I  

5 B 2 A 3 B  C H A R  

5 8 2 A 3 C  X  2  I  

5 B 2 A 3 D  I  2  j B Y  J  

5 E 2 B  N u m O e r s  

5 B 2 B I  S y n t a x :  n u m b e r  =  1 $ 8  d i g i t  ( " b "  /  . e « p t y )  

5 B 2 B 2  S e u a n t i c s :  A  n u m b e r  i s  a  s t r i n g  o f  d i g i t s .  i w i t < h  a  
m a x i m u m  l e n g t h  . o f  e i g h t  c h a r a c t e r s *  p o s s i b l y  t e r m i n a t e d  w i t h  
a  l e t t e r  b .  I f  t h e  t e r m i n a t i n g  c h a r a c t e r  i s  a  b »  t h e n  t h e  
n u m b e r  i s  t a k e n  t o  b e  o c t a l ;  o t h e r u i . s e  i t  i s  t a k e n  t o  t h e  
b a s e  1 0 .  

5 B 2 B 3  E x a m p l e s  o f  N u m o e r s :  

5 B 2 B 3 A  I  

5 B 2 B  3 8  1 0 2 4  

5 B 2 8 3 C  7  7 7  7 0 0 0 0 b  

i 5 B 2 C  S t r i n g s  

5 B 2 C J  8 - b i t  c h a r a c t e r  s t r i n g s  a r e  t h e  o n l y  s t r i n g s  
r e c o g n i z e d  b y  t h e  M 0 L  c o m p i l e r ,  a n d  t h e s e  c a n  o n l y  o c c u r  i n  
d e e l  a r a t  i o n s .  

5 C  O e  c l a r a t  i o n s :  A l l  d e c l a r a t i o n s  o c c u r  a t  t h e  s t a r t  o f  a  p r o c e d u r e ,  
a s  d e c l a r a t i o n s  a r e  n o t  a l l o w e d  u i t h i n  a  i  b l o c k .  A i l  v a r i a o l e s  
d e c l a r e c  i n  a  p r o l c c d u r e  b e c o m e  l o c a l  t o  t h a t  i f i l e  ( n o t  j u s t  t h e  
p r o c e d u r e ) ,  a n d  e x t e r n a l  t o  t h a t  f i l e ,  i f  s o  d e c l a r e d .  V a r i a b l e s  c a n  
b e  p r e l s e t .  a r r a y s  d e c l a r e d ,  a n d  i v i r t u a l  s y m b o l s  s p e c i f i e d .  

5 £ J i  P r o c e d u r e :  T h e  p r o c e d u r e  i s  t h e  b a s i c  s y n t a c t i c  e n t i t y ,  i n  
t # » a  t  o n e  u n i t e s  p r o c e d u r e s .  u h i c h  a r e  c o m p i l e d ,  a s s e m b l e d ,  a n d  
lcxalded . 

5 C 1 A  S y n t a x :  p r o c e d u r e  =  p a r i d  ( " p o p "  " ( "  . n u a  . n u a  
i . r u m  " ) "  / . e m p t y )  ( " p r o c e d u r e "  / " p r o c " )  f o r m a l  $ d e c l a r  
i s b e l d  $ (  "  i  "  I t a b e l d )  " e n d p . " ;  

5 
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5 C I A 1  p a r i  d  =  " ( "  i d " ) "  ;  

5 C I A 2  f o r m a l  =  " ( "  (  i d  /  . e mp t y )  S 2 ( " » "  (  i d  /  . e m p t y ) )  " ) "  
I  •  

5 C 1 8  S e m a n t i c s :  T h e  p r o c e d u r e  d e c l a r a t i o n  b e g i n s  w i t h  a n  
i n d e n t  i f  i e r  w h i c h  s e r v e s  a s  t h e  n a m e  ' O  f  t h e  p r o c e d u r e .  
O p t i o n a l l y ,  o n e  c a n  d e c l a r e  a  p r o c e d u r e  1 0 1  b e  a  " P O P "  p r o c e d u r e  
, s c  t h a t  i t  w i l l  b e  t r e a t e d  b y  t h e  s y s t e m  a s  a  u s e r  P O P .  

5 C I B I  F o l l o w i n g  t h e  w o r d  " p r o c e d u r e "  o n e  o p t i o n a l l y  
i n d i c a t e s  t h e  p a r a m e t e r s  t o  t h i s  p r o c e d u r e .  A  m a x i m u m  o f  3  
i s  a l l o w e d ,  t o  c o r r e s p o n d  t o  t h e  A *  B »  a n d  X  r e g i s t e r s ,  
w h i c h  a r e  t h e  o n l y  a r g u m e n t s  p a s s e d  w h e n  a  c a l l  t o  a  
p r o c e d u r e  i s  m a d e .  T h e s e  p a r a m e t e r s  a r e  i n d i c a t e d  b y  
p l a c i n g  t h e m  a f t e r  t h e  w o r d  " p r o c e d u r e . "  a n d  e n c l o s i n g  t h e m  
i n  p a r e n t h e s e s .  

5 C I B 2  A f t e r  t h e  p r o c e d u r e  d e c l a r a t i o n  c o m e s  a  c e c l a r a i t i o n  o f  
a l l  t h e  v a r i a b l e s  t h a t  a r e  t o  b e  u s e d  i n  t h a t  p r o c e d u r e ,  
t h e i r  d i m e n s i o n s  ( i f  a n y )  a n d  t h e i r  v a l u e s  i f  t h e y  a r e  b e i n g  
p r e  s e  t .  

5 C I B 3  T h e  s e q u e n c e  o f  s t a t e m e n t s  t h a t  c o n s t i t u t e s  t h e  
e x e c u t a b l e  c o d e  o f  t h e  p r o c e d u r e  f o l l o w s  t h e s e  d e c l a r a t i o n s .  
I n  t h i s .  n o t e  t h a t  o n e  c a n n o t  d e c l a r e  v a r i a o l e s  w i t h i n  
b l o c k s ,  a n d  t h a t  v a r i a b l e s  c a n  o n l y  i b  e  d e c l a r e d  a t  t h e  
b e g i n n i n g  o f  a  p r o c e d u r e .  

5 C I B 4  F i n a l l y ,  a l l  p r o c e d u r e s  m u s t  e n d  w i t h  a n  " e n d p " .  

5 C 1 C  E x a m p l e  o f  P r o c e d u r e :  

5 C 1 C 1  ( g e t )  p r o c e d u  r e ( x i .  i  )  i  d e c l a r e  x ,  i  i\ r e t u r n !  t x t  i + U J * 4  )  
e n d p .  

5C2 Declaration 

• 5 C 2 A  S y n t a x :  d e c l a r a t i o n  =  (  d e c l  /  e x t  /  e s u  /  v i r t u e  /  f r o z e n  
/  p r e  f i x  )  " i  "  J .  

5  £ 3  D e c l  

5 C 3 A  S y n t a x :  d e c l  =  " d e c l a r e  "  ( " e x t e r n a l  "  / . e m p t y )  i t e m  S C . "  
i  t e r n )  •  

5 C 3 A 1  i t e m  =  - i d  ( b o u n d  / . e m p t y )  ( v a l u e  / . e m p t y )  ;  

5C3A2 bound = "£" (.id /.nun) "1" i 
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5 C 3 A 3  v a l u e  -  "  =  " (  " ( "  i c o n  $ ( " , "  i c o n )  " ) "  /  i c o n  ) ;  

5 C 3 A 4  i c o n  =  ( . n u n  / . i d  / . s t 8 )  ; .  

5 C 3 B  S e m a n t i c s :  T h e  b a s i c  d e c l a r a t i o n  s t a t e m e n t  p e r m i t s  
( d e c l a r a t i o n  o f  t i h c s e  v a r i a b l e s  w h i c h  a r e  t o  i b e  a l l o c a t e c .  i n  t h e  
c u r r e n t  p r o c e d u r e  ( a n d  p o s s i b l y  m a d e  e x t e r n a l  t o  t h e  c u r r e n t  
i f i l e ,  t o  i n d i c a t e  t h e i r  d i m e n s i o n s  ( i f  a r r a y s ) .  a n d  t o  s p e c i f y  
' t h e  v a l u e s  t o  w h i c h  t h e y  a r e  t o  b e  p r e s e t  ( n u m b e r s ,  a d d r e s s e s  
• o f  i d e n t i f i e r s .  i o r  s t r i n g s ) .  

5 C 3 C  E x a m p  l e s :  

5 C 3 C 1  d e c l a r e  x . y . z l l O J ;  

5 C 3 C 2  d e c l a r e  e x t e r n a l  m  =  I  0 ,  n = m  ,  s t  =  '  e n d  o f  f i l e * ;  

5 C 3 C 3  d e c l a r e  s k i  I  0  J  =  ( 0 , i , 2 0 . 4 0 ) ; .  

5C4'  External  

5 C 4 A  S y n t a x :  e x t  =  " e x t e r n a l  "  e v a r  $ ( " , "  e v a r ) ;  

5 C 4 A J  e v a r  =  . i d  ; .  

5 C 4 B  S e m a n t i c s :  T h e  e x t e r n a l  d e c l a r a t i o n  g e n e r a t e s  " e x t "  
( r e c o r d s  f o r  t h e  a s s e m b l e !  t h a t  i s  t o  s a y .  t h o s e  v a r i a b l e s  
f o l l o w i n g  t h e  " e x t e r n a l "  a r e  d e f i n e d  t o  t e  e x t e r n a l  t o  t h e  
c u r r e n t  f i l e ,  b u t  t h e y  a r e  n o t  a l l o c a t e d  a n y  s t o r a g e .  I n  . t h i s  
l a s t  r e s p e c t  t h e y  d i f f e r  f r o m  v a r i a b l e s  w h i c h  a r e  d e c l a r e d  v i a  

i t t e  " o e c l a r e  e x t e r n a l "  s t a t e m e n t .  " E x t e r n a l "  i s  s o m e t i m e s  u s e d  
i t o  d e c l a r e  l a b e l s  i t  c  b e  e x t e r n a l .  

•  5 C 4 C  E  x a m p  l e  

5 C 4 C J  e x t e r n a l  m . n . z ; .  

5C5 E q u a t e  

( 5 C 5 A  S y n t a x :  e q i  =  " s e t  "  e q u l  $ ( " , "  e q u J )  ;  

5 C 5 A I  e q u l  =  . i d  " = "  { . i d  / . n u n )  ; .  

5 C 5 B  S e m a n t i c s :  T h e  e q u a t e  c e c l a r a t i o n  g e n e r a t e s  " e q u "  r e c o r d s  
i f c r  t h e  a s s e m b l e !  t h a t  .  i s  t o  s a y ,  t h o s e  v a r i a b l e s  i t h a t  a r e  
' i n d i c a t e d  a r e  e q u a t e d  t o  t h e  v a l u e  g i v e n  a t  a s s e m b l y  t a m e .  
i T h i s  i s  u s e f u l  i n  g e n e r a t i n g  c o n d i t i o n a l  a s s e m b l i e s *  a n d  i n  
I s e t t i r . g  t h e  a r r a y  b o u n d s  v i a  a  " s e t  "  i d e n t i f i e r .  

S C 5 C  E x a m p l e :  
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5 C 5 C 1  s e t  m 9 4 0 = l , s k m a x = I Q O ; .  

5 t 6 <  V i r t u a l  

:5C6A Syntax: virtue = "virtual " cvar $("." cvar) ; 

5 C 6 A I  c v a r  -  . i d  ( b o u n d  / . e m p t y ) ; .  

; 5 C 6 B  S e m a n t i c s :  I f  a  v a r i a b l e  i s  n o t  d e c l a r e d  i n  a  f i l e *  t h e n  
; i t  i s  k n o u n  a s  v i r t u a l .  V i a  t h e  " v i r t u a l "  c e c l a r a t i o n ,  i t  i s  
p o s s i b l e  t o  t e l l  t h e  c o m p i l e r  w h i c h  v a r i a b l e s  a r e  e x p e c t e d  t o  
b e  v i r t u a l ;  a p p r o p r i a t e  c h e c k s  c a n  t h e n  b e  m a d e ,  a n d  w h e n  t h e  
c r o s s - r e f  c r  t n c e  l i s t i n g  i s  g e n e r a t e d ,  t h e s e  v a r i a b l e s  i w i l i  b e  
m a r k e d  " v "  f o r i  v i r t u a l ,  i n s t e a d  o f  " u "  f o r  u n c e f i n e d .  

5C6C Example: 

5 C 6 C  I  v i r t u a l  a . b . m C 3 2 b l ; .  

5CJ frozen 

: 5 C 7 A  S y n t a x :  f r o z e n  =  " f r o z e n  "  f r z l  $ ( " • "  f r z l ) ;  

5 C 7 A 1  f r z l  =  . i d ; .  

5 C 7 B  S e m a n t i c s :  T h e  f r o z e n  d e c l a r a t i o n  i s  u s e d  t o  t e l l  t h e  
( c o m p i l e r  ( t h a t  t h e  f o l l o w i n g  v a r i a b l e s  a r e  l c c a i  t o  t h i s  f i l e ,  
b u t  t h a t  n o  s t o r a g e  s h o u l d  b e  a l l o c a t e d  f o r  t h e  v a r  i a a i e s .  

i T h i s  d i s t i n c t i o n  i s  n e e d e d  b e c a u s e  t h e  c o d e s  f o r  l o c a l  a n d  
i v i r t u a l  v a r i a b l e s  a r e  d i f f e r e n t .  S i n c e  t h e  l o a d e r  l i n k s  
( u n d e f i n e d  s y m b o l s  i t c g e t h e r  t h r o u g h  t h e  a d d r e s s  f i e l d ,  i t  i s  n o t  
p o s s i b l e  t o  h a v e  a  c o m p l e x  a d d r e s s  f i e l d  ( s u c h  a s  "  I d a  m + i  )  
f o r  a  v i r t u a l  s y m b o l .  T h u s  f o r  t h e  c o m p i l e r  t o  g e n e r a t e  t h e  

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

ic cn ne ction with, the ARPAS " c on tin ue ass em bl in g . an d f coze n 
s y m b o l  t a b l e "  f e a t u r e s .  

;SC7C Example: 

5 C 7 C J  f r o z e n  a . b . x ; .  

5£8 Prefix 

5C8A Syntax: plrefix = "prefix " "for " ("ig en crated " "labels:" 
. s t 8  / " t e m p o r a r i e s : "  . s t 8 )  ; .  

.5C8B Semantics: By using a highei—level language, i it is 

8 
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p o s s i b l e  t o  h a v e  t h e  c o m . p i l e r  g e n e r a t e  l a b e l s  a n d  t e m p o r a r i e s  
: . u h i c h ,  a t  t h e  m a c h i n e -  l a n g u a g e  l e v e l .  w o u l d  o t h e r w i s e  h a v e  t o  
I b e  d o n e  b y  t h e  u s e r .  H o w e v e r ,  t h e  c o m p i l e r  i s  n o w  g e n e r a t i n g  
l a b e l s  a n d  t e m p o r a r i e s ,  u s i n g  i d e n t i f i e r s  t h a t  a r e  t h e  s a m e  f o r  
e a c h  c o m p i l a t i o n .  F o r  d e b u g g i n g ,  a n d  f o r  g e n e r a t i n g  r e e n t r a n t  

t c c d e ,  i t  i s  u s e f u l  t o  b e  a b l e  t o  s p e c i f y  i d i f f e r e n t  n a m e s .  T h e  
" p r e f  i x "  d e c l a r a t i o n  p e r m i t s  t h e  u s e r  t o  s p e c i f y  t h e  n a m e s  u s e d  
f o r  t h e  g e n e r a t e d  l a b e l s  a n d  t e m p o r a r i e s .  

. 5 C 8 C  E x a m p l e s :  

5 C 8 C I  p r e f i x  f o r  g e n e r a t e d  l a b e l s :  ' f m t ' J  

5 C 8 C 2  p r e f i x  i f  o r  t e m p o r a r i e s :  * l i b e t '  

5 D  E x p r e s s i o n s :  A n  e x p r e s s i o n  i s  a n  e n t i t y  w h i c h  r e p r e s e n t s  a  
n u m e r i c a l  v a l u e  ( c o n t a i n e d  i n  o n e  2 4 - b i t  w o r d ) .  T h i s  v a l u e  i s  
o b t a i n r e c  b y  u s i n g  t h e  v a l u e s  o f  i t  h e  i d e n t i f i e r s  a n d  f u n c t i o n s  w i t h i n  
t h e  e - x p r e s s i o n ,  a n d  c o m b i n i n g  t h e s e  v a l u e s  b y  m e a n s  o f  t h e  o p e r a t o r s  
w i t h i n  t h e  e x p r e s s i o n .  N o t e  t h a t  t h e  s y m b o l s  . a r ,  .  b r ,  a n d  .  x r  a r e  
a s s o c i a t e d  w i t h  t h e  i n t e r n a l  r e g i s t e r s  o f  t h e  m a c h i n e ,  a n d  L h e i r  
v a l u e s  « r e  t h e  c o n t e n t s  o f  t h e  r e s p e c t i v e  r e g i s t e r s .  

5 J B J i  E x p  

5 D J A  S y n t a x :  e x p  -  " i f "  b e x p  " t h e n "  b e x p  " e l s e "  e x p  /  b e x p  * .  

5 C 1 B  S e m a n t i c s :  A  g e n e r a l  e x p r e s s i o n  c a n  b e  e i t h e r  a  
c o n d i t i o n a l  e x p r e s s i o n ,  u s i n g  t h e  " i f  t h e n  e l s e "  t y p e  o f  
c o n s t r u c t ,  o r  i t  m a y  b e  a n  e x p r e s s i o n  r e s u l t i n g  f r o m  t h e  
c o m b i n a t i o n  o f  a r i t h m e t i c ,  b o o l e a n ,  o r  r e l a t i o n a l  o p e r a t o r s .  

- 5 C J C  E x a m p l e s :  

5 D 1 C J  i f  x  . l e  y  t h e n  ]  e l s e  2  

5 0 I C 2  x + y * z / ( x + I )  

5  0 2  B e x p  

- 5 C 2 A  S y n t a x :  b e x p  =  u n i o n ; .  

5JD3' In ion 

5 C 3 A  S y n t a x :  u n i o n  =  i n t e r s e c t i o n  $ (  " o r "  u n i o n ) ; .  

5 D 3 B  S e m a n t i c s :  T h e  u n i o n  m a k e s  i t  p o s s i b l e  . t o  c o m b i n e  
e x p r e s s i o n s  w i t h  t h e  l o g i c a l  o p e r a t o r  " o r . "  T h e  r e s u l t  o f  t h e  

i " c r "  o p e r a t o r  i s  t r u e  ( i . e .  n o t  e q u a l  t o  z . e r o l  i f f  a t  l e a s t  o n e  
• o f  t h e  e x p r e s s i o n s  i s  t r u e .  

9 
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5 D 3 C  E x a m p l e :  

5  D 3  C  1  x or y  

5.D4 Intersection 

5 C 4 A  S y n t a x :  i n t e r s e c t i o n  =  n e g a t i o n  $ (  " a n c "  i n t e r s e c t i o n ) . .  

5 D 4 8  S e m a n t i c s :  T h e  i n t e r s e c t i o n  m a k e s  i t ^ p c s s i b l e  t o  c o m b i n e  
e x p r e s s i o n s  u i t h  t h e  l o g i c a l  o p e r a t o r  " a n d . "  I f  b o t h  

• e x p r e s s i o n s  a r e  t r u e ,  t h e n  t h e  r e s u l t  w i i i >  b e  t r u e .  

5 D 4 C  E x a m p l e :  

5 D 4 C 1  x  a n d  y  

5<35! Negation 

5 D 5 A  S y n t a x :  n e g a t i o n  =  " n o t "  n e g a t i o n  /  r e l a t i o n ; .  

.5058 Semantics: This construct makes it possible to take the 
: ( l o g i c a l )  n e g a i t i o n  o f  t h e  v a l u e  o f  a n y  e x p r e s s i o n .  

5C5C E xa mp le: 

5 D 5 C 1  n o t  x  

506 Relation 

: 5 £ 6 A  S y n t a x :  r e l a t i o n  =  s u m  ( " - g t "  s u m  / " . g e "  s u m  /  " .  n e  s u m  
/ - _ e q "  s u m  / " . l e "  s u m  / " . I t "  s u m  / "  -  c b "  s u m  / " . n e b "  s u m  / . e m p t y  
) ; 

5 C 6 B  S e m a n t i c s :  T h e  r e l a t i o n a l  o p e r a t o r s  m a k e  i t  p o s s i b l e  t o  
. c o n s t r u c t  l o g i c a l  s t a t e m e n t s  w h i c h  a r e  t r u e  i f  t h e  g i v e n  
•  a r g u m e n t s  s t a n d  i n  t h e  s p e c i f i e d  r e l a t i o n  t o  o n e  a n o t h e r .  ^ T h e  
o p e r a t o r s  a r e  " g r e a t e r  t h a n , "  " g r e a t e r  t h a n  o r  e q u a l , "  " n o t  
e q u a l , "  " l e s s  t h a n  o r  e q u a l , "  " l e s s  t h a n , "  " c o m m o n  b i t s .  o r  
i " r o  c o m m o n  b i t s . "  T h e  " c o m m o n  b i t s "  o p e r a t o r  y i e l d s  a  v a l u e  o f  
• t r u e  i f f  b o t h  o f  i t s  a r g u m e n t s  h a v e  o n e s  i n  a n y  c o r r e s p o n d i n g  
. b i t  p o s i t i o n s .  T h e  " n o  c o m m o n  b i t s "  o p e r a t o r  y i e l d s  a  v a l u e  o f  
i t r u e  i f f  i t s  a r g u m e n t s  d o  n o t  h a v e  o n e s  i n  a n y  c o r r e s p o n d i n g  
. b i t  p o s i t i o n s .  

5 C 6 C  E x a m p l e s :  

5 D 6 C 1  m  . g t  n  

5 D 6 C 2  z . n e  y  

1 0  
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e  

5 D 6 C 3  x  . c b  y  

5 0  7 ;  S u m  

5 0 7 4  S y n t a x :  s u m  =  p r o d u c t  $ < "  +  "  p r o d u c t  /  p r o d u c t ) ; .  

i t " S a r ! t h M t i r  I h e  T  P e r " i t s  o n e  t o  c o m b i n e  e x p r e s s i o n s  « I  t h  ^Lr,rllTl2t-b7t'?nldZr,: 'n a  - • N° t C  »" »"»•  «•  

- 5 C 7 C  E x a m p l e s :  

5 D 7 C J  x  

5 D 7 C 2  x  +  y  

5 D 7 C 3  x  -  y  +  z  

5 , 0 8 .  P r o d u c t  

P r o d u c t  =  f a c t o r  S C . -  f a c t o r  /  - / -  f a c t o r  /  

5 D 8 A I  S y n t a x :  f a c t o r  =  b o r  /  f a c t o r  ;  

, ! i t h  S t h e n a r U h » I t h f r P r ° t " " : i  P e r * U s  o n e  l °  c o m b i n e  e x p r e s s i o n s  u i c n  t h e  a r i t h m e t i c  o p e r a  t o r s  *  ( t i m e s ) ,  /  ( d i v i s i o n ) ,  a n d  t  
r  ;  c a s e e  :ruii, ° : t h e s *  ° p r a t o r s  i s  a  

"  c a s e  ° f  , t h e  d i v i s i o n ,  t h e  r e m a i n d e r  i s  o i s c a r d e d .  "  
o p  e r  a t  e s  s  i  m  i  1  s r  1  y  t o  d i v i s i  o n  p v  i t ,  _ i  * ,  
d i s c a r d e d  a n d  t h e  r e m a i n d e r  i s  t h e  r e s u l t  o f  t h e  o p e r a t i o n !  - . . c  «  c  m a  i  u u  e  r  I S  t n e  r e s u l t  o f  t h e  o p e r a t i o n .  1 S  

5 D 8 C  E x a m p l e s :  

5 D 8 C I  x  

5 D 8 C 2  x  *  y  

5 D 8 C 3  x  /  y  

5 D 8  C  4  x  * y 

5 0  9 ,  f i o r  

5 0 9 4  S y n t a x :  b o r  =  b a n d  $ { " . v "  b a n d  /  x "  b a n d ) ; .  

5 C 9 B  S e m a n t i c s :  J  h e  " d o r "  ( s t a n d i n g  f o r  " b i t  o r " )  m a k e s  i t  
p o s s i b l e  t o  o b t a i n  t h e  b i t i u i s e  " o r "  L .  

' i n c l u s i v e  a n d  e x c l u s i v e  " o r "  L  I e x p r e s s i o n s .  ( B o t h  
u .  a n d  . x  r e s p e c t i v e l y !  U ° W e d  ^ ^ ^ n a t e -  o y  

I  I  
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5 D 9 C  E x a m p l e s :  

5 D 9 C I  x  

5 D 9 C 2  x  . v  y  

5 D 9 C 3  x  . x  y  

5 0 , 1  0  B a n d  

5 D 1 0 A  S y n t a x :  b a n d  =  p r i m a r y  S ( " . a "  p r i m a r y ) ; .  

5 C 1 0 B  S e m a n t i c s :  T h e  " b a n d "  ( s t a n d i n g  f o r  " b i t  a n d " )  u a k c s  i t  
i p c s s i b l e  t o  o b t a i n  t h e  " b i t  a n d "  o f  t w o  e x p r e s s i o n s .  

5 D J 0 C  E x a m p l e s :  

5 D 1 0 C 1  x  

5 D 1 0 C 2  x  . a  y  

5 D J  1  P r i m a r y  

5 D  J  J  A  S y n t a x :  p r i m a r y  =  b 1 1  i n  /  a b x r e g  /  v a r f u n  /  c o n s t  V " ( "  
i e x p  " ) "  /  i m m e  d  /  i n d i  r  ;  

5 0  J  1 A 1  i  b i t f i n  =  ( ( " . I r i s h "  " ( "  a c t u a l  . n u n  / " . I s h "  " ( "  
a c t u a l  "  > "  . n u m  /  " . r s h "  " (  *  a c t u a l  "  ) "  . n u m  /  " . r c y "  " ( "  
a c t u a l  - n u m  /  " . r c y "  " ( "  a c t u a l  " ) "  . n u m  )  l ~ « 2 "  
/ . e m p t y ) )  / " . b r s "  . n u m  " ( "  a c t u a l  " ) "  »  

5 0 1  1 A 2  a b x r e s  =  " . a r "  / " . b r "  / " .  x r "  ;  

5 0 i  1  A 3  v a r f  u n  -  . i d  ( " £ "  i n d e x  " 3 "  a c t u a l  " ) "  / . e m p t y ) ;  

5 0  1  1  A 4  c o n s t  =  . n u m ;  

5 0 1  1 A 5  i m m e d  =  ( v a r  /  c o n s t  ( " I "  i n d e x  " J "  / . e m p t y ) ) i  

5 D J 1 A 6  i n d i r  =  " I "  ( i m m e d  / v a r  / c o n s t )  " I "  ;  

5 0 1  1 A 7  v a r  =  . i d  ( " I "  i n d e x  " 3 "  / . e m p t y ) ;  

5 D 1 I A 8  i n d e x  =  " ( "  e x p  " ) "  /  . n u m  / ( . i d  /  " . x r "  >  (  "  +  "  . m m / " - "  
. n u m / . e m p t  y ) ;  

5  0 1  1 A 9  a c t u a l  =  (  .  i d  /  . e m p t y  )  S 2 (  (  - i d  /  . e m p t y ) !  

5C1 IB Semantics: The primary consists of the basic entities 
i t h a t  c a n  b e  u s e d  t o  c o n s t r u c t  a n  e x p r e s s i o n .  I t  p r o v i d e s  f o r  

1 2  
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» d  i r e c t  r e f e r e n c e  t o  t h e  A ,  B .  a n d  X  r e g i s t e r s ,  u s e  o f  t h e  s h i f t  
l a r d  c y c l e  i n s t r u c t i o n s  w i t h  o p t i o n a l  t a g g i n g .  u s e  o f  i t h e  B R S  
^ i n s t r u c t i o n .  i n d e x e d  v a r i a b l e s .  f u n c t i o n s  o f  u p  t o  t h r e e  
a r g u m e n t s ,  a n d  b o t h  i n d i r e c t  a n d  i m m e d i a i t e  a d d r e s s i n g -  N o t e  

( t h a t  b y  m e a n s  o f  t h e  p a r e n t h e s i s ,  r e c u r s i o n  i s  i n t r o d u c e d *  a n d  
s t h u s  c o m p l e x  e x p r e s s i o n s  m a y  b e  c o n s t r u c t e d  f r o m  s i m p l e r  o n e s .  

5 C I  1 C  E x a m p l e s  -

5 D 1 1 C J  x  

5 D  1  I C  2  x t i +  ]  J  

5 0  J  I C  3  2 3  

5 D 1 1 C 4  p a c l x . y )  

5 D U C 5  ( x  +  y  >  

5 D I I C 6  1 x 3  

5  D  I  I  C  7  $  x  

5 D 1 I C 8  .  I s h  (  m  .  0 .  6 )  3  +  . r s h ( a * b « x ) 5 . 2  

5 E  S t a i t e m e n t s i  A  s t a t e m e n t  i s  t h e  b a s i c  e x e c u t a b l e  u n i t  o f  a n  M O L  
p r o g r a m -  I t  d e n o t e s  s o m e  a c t i o n  t h a t  i s  t o  o e  p e r f o r m e d ,  w h i c h  
a c t i o n  i r a y  b e  t h e  e v a l u a t i o n  o f  e x p r e s s i o n s  o r  t h e  e x e c u t i o n  o f  o t h e r  
s t a t e m e n t s .  

5 £ i l " .  S y n t a x ;  l a b e l  d  =  ( p a r  i d  / . e m p t y )  s t  a t  ;  

> 5 E 1 A  s t a t  =  i f  /  s i m p l e  ;  

5 E J B  s i m p l e  • =  b l o c k  /  g o t o  /  r e t u r n  /  c a l l  /  r c a  1 1  /  b u m p  /  
l a r p a s  /  i t e r a t  /  e n t r y  /  c a s e  /  n u l l  /  e x u  /  a s s i g n  ; .  

5 E 2 :  I f  

• 5 E 2 A  S y n t a x ;  i f  =  " i f  "  b e x p  { " t h e n  "  s i m p l e  ( " e l s e  "  s t a t  
•  - e m p t y )  /  "  c o - / s i n g l  e  "  s t a t ) * .  

5 E 2 B  S e m a n t i c s ;  T h e  " i f "  c o n s t r u c t  i s  t h e  s t a n d a r d  i f  s t a t e m e n t  
w i t h  t h e  o p t i o n a l  " e l s e "  p a r t .  T h e  a d d e d  c o n s t r u c t  " d o - i s  i n g l e "  

d e d i c a t e s  t h a t  t h e  t r u e  p a r t  w i l l  c o n s i s t  o f  j u s t  o n e  
d e s t r u c t i o n  a n d  t h u s  t h e  c o d e  a t  t h e  e n d  o f  t h e  t e s t  f o r  t h e  
» " f c e x p "  c a n  b e  c o m p i l e d  t o  m i n i m i z e  t h e  b r a n c h  a n d  s k i p  
i n s t r u c t  i o n s .  

' 5 E 2 C  E x a m p l e s ;  

1  3  
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5 E 2 C I  i f  x  t h e n  g o t o  1 2  e l s e  x » U  

5 E 2 C 2  i f  x  . n e  z  d o - s i n g l e  b u m p  i ; .  

5 £ 3  B l o c k  

• 5 E 3 A  S y n t a x :  b l o c k  -  " b e g i n  "  l a b e l d  $  (  "  »  "  b a f c e l d )  " e n d " ; .  

5 E 3 B  S e m a n t i c s :  T h e  " b l o c k "  c o n s t r u c t  n r i  
d e l i m i t  a  s e q u e n c e  o f  c o n s e c u t i v e  s t a t e m e n t s  b y  b e g i n  a  

t o  i n d i c a t e  t h a t  i t  i s  t d  b e  t r e a t e d  a s  a  s t n d l e  
s t a t e m e n t .  N o t e  t h a t  d e c l a r a t i o n s  a r e  n o t  p e r m i t t e d  w i t h i n  a  
b l o c k .  

> 5 E 3 C  E x a m p l e s :  

5 E 3 C I  b e g i n  x - » - l «  y » x * y + z i  ( h e r e ) :  r e t u r n ( y )  e n d .  

5 E 3 C 2  b e g i n  c a l l  i n c h a r ( c h a r )  ;  c h a r * c h a r  . a  7 7 b  e n d . .  

5  E4 C o t o  

5 E  4 A  S y n t a x :  g o t o  =  ( " g o t o  "  / " g o  " t o  »  a d d r  •  

5 E 4 A I  a d d r  =  v a r  /  i n d i  r  /  i m m e d  /  c o n s t  

- 5 E 4 B  S e m a n t i c s :  T h e  " g o t o "  g e n e r a t e s  a n  u n c o n d i t i o n a l  b r a n c h .  
. T h i s  b r a n c h  c a n  b e  i n d i r e c t ,  i n d e x e d ,  d i r e c t ,  o r  i m m e d i a t e .  

• 5 E 4 C  E x a m p l e s :  

5 E 4 C 1  g o  t o  h e r e .  

5 E 4 C 2  g o t o  I S t r a l i + 1 1 3 ;  

5 E 4 C 3  g o t o  $  I 5 b i .  

5 £ 5  R e t u r n  

> 5 E 5 A  S y n t a x :  " r e t u r n "  ( * (  a c t u a l  * )  / . e m p t y  >  . .  

5 E 5 B  S e m a n t i c s :  I t  i s  p o s s i b l e ,  v i a  t h e  " a c t u a l "  « n s ' r u ^ V l °  
i r d i c a t e  w h a t  t h e  c o n t e n t s  o f  t h e  A .  B  a n d  X  r e g i s t e r s  s h o u l d  

I b e  w h e n  r e t u r n i n g  f r o m  a  p r o c e d u r e .  T h i s  i s  o p t i o n a l ,  a n d  i f  
n o t h i n g  i s  s p e c i f i e d  t h e  r e g i s t e r s  r e m a i n  a s  a f f e c t e d  b y  

• p r o c  e d  u r  e -

) 5 E 5 C  E x a m p l e s :  

5 E 5 C  1  r e t u r n ;  
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5 E 5 C 2  r e t u r  n {  r e s u l t  )  ;  

5 E 5 C 3  r e t u r n  ( m  C  i - 2  3 - y * »  r a  + J  > ;  .  

5s£c6 Call 

> 5 E 6 A  S y n t a x :  " c a l l  "  v a r  (  ' (  a c t u a l  ' )  /  - e m p t y  >  i .  

5 E 6 B  S e m a n t i c s :  T h e  o p t i o n a l  a r g u m e n t s  f a l l o w i n g  t h e  " c a l l  "  
i n d i c a t e  t h e  c o n t e n t s  o f  t  h e  A »  8  a n d  X  r e g i s t e r s  o f  t h e  9 4 0 .  

i T h u s  i t  i s  p o s s i b l e  t o  p a s s  u p  t o  3  a r g u m e n t s  a t  c a l l  t i m e  t o  a  
p r o c e d u r e -  A l s o *  i t  i s  p o s s i b l e  t o  s u b s c r i p t  t h e  n a m e  o f  t h e  
p r o c e d u r e  b e i n g  c a l l e d *  i t h u s  i n d i c a t i n g  a n  a l t e r n a t e  t o  t h e  

I d e c l a r e d  e n t r y  p o i n t .  

' 5 E 6 C  E x a m p l e s :  

5 E 6 C  1  c a l 1  s u b ;  

5 E 6 C 2  c a l l  o u t p u t ( c h a r  . a  7 7 b » » f i l e n ) ;  

5 E 6 C 3  c a l l  t a b l e t i l ( a r g l » 1 0 * a r g 2 ) ; .  

5 £  7 .  f l u m p  

5 E 7 A  S y n t a x :  b u m p  =  " b u m p  "  a d d r  a d d r  

' 5 E 7 B  S e m a n t i c s :  i T  h e r e  i s  a n  i n s t r u c t i o n  o n  t h e  S O S  9 4 0  w h i c h  
a c d s  I  t o  m e m o r y *  a n d  l e a v e s  t h e  c o n t e n t s  o f  t h e  c e n t r a l  
i r e g i s t e r s  u n c h a n g e d .  T h e  " b u m p  "  c o n s t r u c t  i n d i c a t e s  t h a t  
t h i s  o p e r a t i o n  i s  t o  b e  p e r f o r m e d  o n  t h e  s e q u e n c e  o f  i t e m s  t h a t  
i f c l  l o w  t h e  " b u m p . "  

> 5 £ 7 C  E x a m p  l e s :  

5 E  7 C I  b u m p  i  ;  

5 E 7 C 2  b u m p  m [ i - 3 1  *  $  I  » L S s  t a c k p ] ;  .  

5  £ 8  p a s  

> 5 £ 8 A  S y n t a * :  a r p a s  =  " < "  < c o p y  a c r o s s  e v e r y t h i n g  u p  t o  t h e  
n e x  t  >  " > "  

' 5 E 8 B  S e m a n t i c s :  i T h i s  c o n s t r u c t  a i l o i u s  t h e  u s e r  t o  i n s e r t  
m a c h i n e  c o d e  i n t o  a n  M O L  p r o g r a m *  i f  s o m e  s p e c i a l  s e q u e n c e  o f  
c o d e  t h a t  i s  n e e d e d  c a n n o t  b e  g e n e r a t e d  o r  e v e n  e x p r e s s e d  b y  
t h e  l a n g u a g e .  

> 5 E 8 C  E x a m p l e s :  
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5 E 8 C I  <  s t a  t e m p > ;  

5 E 8 C 2  <  c i o  f n u m o i  t c o  c r ;  t c o  I f ;  t o r s  t O » i .  

5 £ 9 t  H e r a t  

5 E 9 A  S y n t a x :  i  t e r a t  =  f o r  /  w h i l e ; .  

5 £ J 0  F o r  

5 £  ]  0  A  S y n t a x :  f o r  =  " f o r  "  . i d  " f r o m  "  e  x p  ( " i n c  "  / " d e c  i  e x p  
" t o  "  e x p  " d o  "  s t a t  ; .  

5 £  J O B  S e m a n t i c s :  i  T h e  " f o r "  s t a t e m e n t  p r o v i d e s  a  m e a n s  o f  
l r e p e a t i n g  a  s t a t e m e n t  ( o r  a  b l o c k  o f  s t a t e m e n t s )  a  s p e c i f i e d  
n u m b e r  o f  t i m e s .  B y  r e q u i r i n g  t h e  u s e r  t o  s p e c i f y  " i n c  a n d  
" c e c "  i t  i s  p o s s i b l e  t o  g e n e r a t e  t h e  a p p r  o p r i  a t e  c o d e  . w i t h o u t  

. c o m p l i c a t e d  r u n t i m e  o r  c o m p i l e  t i m e  c o m p u t a t i o n s -  1  h e  l i m i t s  
o n  t h e  f o r  l o o p  a r e  n o t  r e c o m p u t e d  e a c h  t i m e  t h r o u g h  t h e  l o o p ,  
b e t  a r e  c o m p u t e d  o n c e  a t  t h e  s t a r t .  N o t e ,  h o w e v e r ,  t h a t  A *  a n  
i d e n t i f i e r  i s  u s e d  a s  a  l i m i t ,  t h e n  t h e  v a l u e  o f  t h i s  
i d e n t i f i e r  i s  u s e d  a s  t h e  c h e c k  e a c h  t i m e ,  s o  t h a t  c h a n g i n - g  t h e  
v a l u e  o f  t h i s  i d e n t i f i e r  w i l l  a f f e c t  t h e  " f o r "  l o o p -

. 5 E 1 0 C  E x a m p l e s :  

5  E  1 0  C  i  f o r  i  f r o m  1  i n c  I  u n t i l  n  d o  I t i l ^ O ;  

5 E 1 0 C 2  f o r  j  f r o m  x  +  l  i n c  1  t o  x * x  d o  b e g i n  n i  j l * m t j * \  1  ;  
m l  j  1 * 0  e n d ,  .  

5E1 1 While 

)5£ ] ] A Syntax: while = "while " exp "do " stat i-

5 E J 1 B  S e m a n t i c s :  T h e  " w h i l e "  s t a t e m e n t  p r o v i d e s  a  m e a n s  o f  
l r e p e a t i n g  a  s t a t e m e n t  ( w h i c h  c a n  b e  a  b l o c k )  a s  l o n g  a s  a n  
e x p r e s s i o n  i s  t r u e .  T h i s  e x p r e s s i o n  i s  r e e v a l u a t e d  a f t e r  e a c h  
r e p e t i  t i o n  o f  t h e  " w h i  l e "  s t a t e m e n t .  

5 £  I  1 C  E x a m p l e s :  

5  £  1  1  C  3  w h i l e  c h a r  . n e  c r  d o  c h a r *  i n c h a r  (  ) ;  

5 £ j j C 2  i * l ;  w h i l e  i  . l e  n  d o  b e g i n  r o £ i l * 0 ;  b u m p  i  e n d ; .  

5 £ i 2  E n t r y  

5 E 1 2 A  S y n t a x :  e n t r y  =  " e n t r y  "  . i d  f o r m a l  ; .  
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5 E  I 2 B  S e m a n t i c s  :  T h e  e n t r y "  s t a t e m e n t  p r o v i d e s  a  m e a n s  o f  
i n d i c a t i n g  s e c o n d a r y  e n t r y  p o i n t s  i n  a  p r o c e d u r e .  A n y  c a l l i n g  

• a r g u m e n t s  t h a t  a r e  i n d i c a t e d  a r e  s t o r e d ,  a n c  a  b r a n c h  a r o u n d  
i t h e  c o d e  g e n e r a t e d  b y  t h e  " e n t r y "  s t a t e m e n t  i s  p r o v i d e d  b y  t h e  
i c c  m p  i  1  e r  ,  s o  t h a t  a n  "  e n  t r  y "  s t  a t  e m  e n  t  c  a n  b e  i n  s e r  t  e d  a  t  a n  y  
p o i n t  w i t h o u t  c a u s i n g  a n  i n t e r r u p t i o n  i n  t h e  e x i s t i n g  c o d e .  

5  E  I  2 B  1  T h e  r e t  u r n  a  d  d r  e s s  i s  m o v e d  f r o m  t h e  e n  t r  y  p  o  i n i  t  o  
t f a e  n a m e  o f  t h e  p r o c e d u r e ,  s o  t h a t  a l l  r e t u r n s  c a n  r e t u r o  t o  
t h e  p r o c e d u r e  n a m e .  H o w e v e r ,  t h i s  i s  i n c t  d o n e  i n  t h e  c a s e  
o f  a  r e e n t r a n t  p r o c e d u r e ,  a s  t h e  r e t u r n  a d d r e s s  i s  p l a c e d  
e l s e w h e r e .  

> 5 E l  2 C  E x a m p l e s  :  

5 E J 2 C 1  e n t r y  s u b s e t ;  

5 E J 2 C 2  e n t r y  i n s e  t  (  a r g l  ,  i  n c h l  )  ;  .  

S E 1 3  C a s e  

5 E J 3 A  S y n t a x :  c a s e  =  " c a s e  "  e x p  " o f  "  " b e g i n  "  s t a t  $ ( ' ;  s t a t  
)  " e n d " ; .  

' 5 E I 3 8  S e m a n t i c s :  T h e  c a s e "  s t a t e m e n t  p r o v i d e s  a  m e a n s  o f  
( e x e c u t i n g  o n e  s t a t e m e n t  o u t  o f  m a n y ,  d e p e n d i n g  o n  t h e  v a l u e  o f  
' t h e  e x p r e s s i o n  c o n t r o l l i n g  t h e  c a s e  s t a t e m e n t .  T h e  s a m e  t i h i n g  
h i s  u s u a l l y  b e e n  d o n e  b y  a  s e r i e s  o f  n e s t e c  " i f "  s t a t e m e n t s .  
• I f  t h e  v a l u e  o f  t h e  e x p r e s s i o n  s p e c i f i e s  a  s t a t e m e n t  t h a t  u d o e s  
n o t  l i e  w i t h i n  t h e  r a n g e  o f  t h e  c a s e  s t a t e m e n t .  ( i . e . ,  f r » m  I  

» t o  n - n u m b e r  o f  s t a t e m e n t s  i n  t h e  " c a s e " )  t h e n  t h e  l a s t  
s t a t e m e n t  o f  t h e  c a s e  i s  e x e c u t e d .  

5 £  I  3 C  E x a m p l e s  :  

5 E I 3 C 1  c a s e  n  o f  b e g i n  . c r l ;  c a l l  s u b l ( n ) ;  . c r i ;  r e t u r n ;  
•  c r l  ;  c a l l  e r r o r  e n d ; .  

5tE J 4 Alu 11 

• 5 E J 4 A  S y n t a x :  n u l l  =  " n u l l "  ; .  

5 E J 4 B  S e m a n t i c s :  T h e  " n u l l "  s t a t e m e n t  i s  i n c l u d e d  i n  t h e  
l a n g u a g e  s o  t h a t  t h e r e  m a y  b e  s t a t e m e n t s  w i t h i n  t h e  c a s e  

^ s t a t e m e n t  w h i c h  d o  n o t h i n g .  

5  £  I  5  E x e c u t e  

> S E 1 5 A  S y n t a x :  e x u  =  " e x e c u t e  "  a d d r  ; .  
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"  ' t r u e  t i o n ' w h i c h *  c a n  '  e  x e c u  t e ' a  n o  t  £ r  . i n s ' J  ' \ \  P r L i d "  
t r / »ecuUno ih i s .n r c^on s i Oi ih J n ; ;  

a p p r o p r i a t e  a d d r e s s  ( i . e . .  w n *  
m o d i f i c a t i o n .  e t c . ) .  

« 5 E I 5 C  E x a m p l e s ;  

5 E 1 5 C 1  e x e c  u t e  m l  i l  ;  

5 E 1 5 C 2  e x e c u t e  I S O l i  

5 E I 5 C 3  e x e c u t e  0 0 2 2 0 0 0 2 b ; .  

5 t i  6  A s s i g n  

S E I 6 A  S y n t a x :  a s s i g n  =  ( v a c  / a b x r e 9  /  i n d l r  /  i m m e d  )  S i  
/  a b x r  e g  /  i n d i r  /  i m m c d ) )  • »  (  •  / . e m p t y  P  • •  

< 5 £ 1  6 B  S e m a n t i c s :  T h e  " a s  s i g n "  s t a t  e m e n t  . r o w  i d e s  

l o c a t i o n s -  "  p r o  v i s i o n  ' i s  m a d e  - r  . . h i , , .  i U h i .  
c a s e  t h e  s t o r e s  a r e  d o n e  i n  s e q u e n c e  f r o m  r i g h t  t o  1 .  

" i  T  i n  e #  t h  a  t  '  r e , i s t e ^ ' Y n d ' t h e  r e m a n i n g  a s s i g n m e n t s  d o n e  
f r o a ' t h l t  r e g i s t e r ;  o t h e r o i s e  t h e  a s s i g n m e n t s  a r e  t a h e n  * r o .  

t h e  P s i  o n '  a n a  1  y  s i  s  '  l ^ t e " ^ " , ' :  h a T  Z T  c o ^ t r ° J  t  -  i s  t o  

SH^Thir if a'speci a "'meaning* ^YHr^s \%T 
n f  a  una ry  p l us .  

' 5 E I 6 C  E x a m p l e s :  

5 E I 6 C 1  x * U  

5 E 1 6 C 2  « t i l . l - ( x * b - c / d )  +  t ;  

5 E 1 6 C 3  .  a r  » • «  » .  b r * i  +  1  »  

5 E I 6 C 4  m l  i  1  -  a r ;  .  
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6 A  T h e  f a l l o w i n g  i s  ̂  t h e  s y n t a x  f o r  t h e  M O L .  N o t e  t h a t  b a c k u p  i s  
r e q u i r e d  t o  c o m p i l e *  b u t  t h e  b a c k u p  i s  o n l y  p a s t  a n  i d e n t i f i e r  a f t e r  
t h e  a a x t  c h a r a c t e r  h a s  b e e n  r e c o g n i z e d .  T h i s  g e t s  o v e r  a  l o t  o f  
p r o b i l e a s  c o n c e r n i n g  a s s i g n m e n t  s t a t e m e n t s  a n d  l a b e l s .  

6 B  p r o g  =  ( . i d  / . e m p t y )  $ ( a r  p a s  * *  /  p r o c  )  " f i n i s h "  •  

6C proc = parid ("pop" . sp * ( .num "»" -num .nt.B •) / .empty .rp 
. r r  I  ( " p r o c e d u r e "  / " p r o c " )  f o r m a l  C . t p  $ d e c l 2  / S d e c l a r )  l a b e l  d  
$ ( • ;  1  a b e l  d )  "  e n  d p . "  ;  

6CJ parid = *( .id *) ; 

6C2 formal = *( (.id ("«" for ml / for rat) /"." form! /form4 ) *) / 
f o r  m (  i  6 C 2 A  f o r m  1  =  i .  i d  ( " * "  f o r m 2  /  f o r m 3 )  / " « "  f o r m 2  / f  o r n 3  i  

6C2A form2 = .io /form3; 

6C2B f or n) = .empty i 

6C2C form* = .empty ; 

6D dec lar = (dec I / decl2 )  ' i  i  

60i: decl2 = ext /• equ / virtue / frozen / prefix i  

602 decl = "declare" ("external" .r 1 /.empty .si) item $4" • " 
i t e m ) ;  

6 C 2 A  i t e m  =  . i d  ( b o u n d  / . e m p t y  )  ( v a l u e  / . e m p t y )  *  

6C2B bound = "t" I.id /.num) "1" ; 

6D2C value = " = " ( M icon S("." icon) *) / icon ) ; 

6 C 2 D  i c o n  =  ( . n u m  / . i d  / . s t 8  )  i  

603 ext - "external " evar $("." evar) ; 

6C3A evar = .id ; 

60*: equ = "set " equl $("•" equl) i  

6C*A equl = .id " = " (.id / .num ) ; 

6 0 5 i  v i r t u e  =  " v i r t u a l  "  e v a r  $ ( " » "  e v a r )  ;  

6C5A evar = .id (bound /.empty ) ; 

6 0 6  f r o z e n  =  " f r o z e n  "  f r z l  $ ( " » "  f r z l )  ;  
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6 D 6 . A  f  r z  J  ~  . i d  ;  

6 0  ?  p r e  f i x  —  p r g  f i x  "  " • /  n r  -  / «  .  _  K  e i M  '  o r  <  g e n e r a t e d  l a b e l s : "  ^  «  /  t e n p o r a r i e s i  . s t &  )  ;  f l s  - s t o  

6 E  l a b e J d  =  ( p a r i d  -  :  -  / . e m p t y )  s t a t  ;  

6 F  s l a t  =  i f  /  s i m p l e  ;  

/ - d o - ' , i ^ l e " " s t a t ) t e X P  ' " t h e n  "  S i " " C  ' " e l S C  "  S t a t  ' •«"»" » 

6 H  s i m p l e  :  b l o c k  •  g o t o  /  r e t i r n  /  r a i l  /  r « n  #  
i t e r  a t  /  e n t r y  /  c a s e  /  n u l l  / ^ e x u  /  a s s i g n  ;  '  ̂  

6 1  b l o i c k  =  " b e g i n  "  l & b e l c  $ ( • ;  l a b e l d )  " e n d " ;  

6 J  g o t o  =  ( " g o t o  "  /  " g o  "  " t o  " )  a d d r  ;  

6 K  r e t u r n  =  " r e t u r n "  ( • (  a c t u a l  M  / . e m p t y  )  ;  

6 L  c a l  1  =  " c a l l  "  v a r  (  • (  a c t u a l  '  )  /  . e m p t y  )  ;  

6 M  b u m p  =  " b u m p  "  a d d r  a d d r  > ;  

6 N  a r p a s  =  " <  "  < c o P y  a c r o s s  e v e r y t h i n g  u p  t o  t h e  n e x t >  - » -  ;  

6 0  i t e r a t  =  f o r  /  w h i l e ;  

e « P " i a  ~, r a m  ~e > p  ' " i n c  •  - s i  / - a «  •  « « p  - t .  -

6 Q  u f e i l l e  =  " w h i l e  "  e x p  " d o  -  s t a t  i  

6 R  e n t r y  =  " e n t r y  "  . i d  f o r m a l  ;  

6 S  c a s e  =  c a s e  "  e x p  " o f  "  " b e g i n  -  s t a t  $ { • ;  s t a t  1  - e n d "  ;  

6 T  n u l l  =  " n u l l "  ;  

6 0  e * u  -  " e x e c u t e  *  a d d r  ;  

6  V  a s s i g n  =  ( v a r  / a b x r e g  / i n d i r  •  i m m e d )  ^  
/  i m m e d l )  • *  { -  +  -  . s a  / . e m p t y  . r a )  c x p  .  * a r  •  - b x r e g  /  x a i d i r  

6 W  e x p  =  - i f  -  b e x p  - t ! h c n  -  b e x p  . c l s c  .  c x p  f  b e x p ;  

6 X  b e x p  =  u n i o n ;  

6 Y  u n i o n  =  i n t e r  $ C o r  -  u n i o n  ) ;  
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6 2  i n l e r  =  n e g  S ( " a n d  "  i n t e r  ) •  

6 A 5 )  n e g  -  " n o t  "  r e  1  a t  /  r e l a t ;  

6 A A  r e l a t  =  s u m  ( " . I t  "  s u m  . r e  . r b  / " .  i e  "  s u m  . r e  -  s o  / " . e q  s u m  
. r e  j r b  /  "  .  n  e  "  s u m  . r e  . s b  / " . g e  "  s u m  . r e  - s b  / " . g t  "  s u m  . r e  . r b  
/ " . c b  "  s u m  . r e  - s b  / " . n e b  "  s u m  - r e  . r b  / . e m p t y ) ;  

6 A B  s u m  =  p r o d  S  ( p r o d  / " - "  p r o d  )  i  

6 A C  p r o d  =  f a c t o r  $ ( " * "  f a c t o r  I T  f a c t o r  / • -  f a c t o r  l ;  

6 A D  / a c t o r  =  b o r  / " - "  f a c t o r  ;  

6 A E  b o r  =  b a n d  S (  " . v  "  b a n d  /  b a n d  ) ;  

6 A F  b a n c  =  p r i m  $ < " . a  "  p r i m  ) ;  

6 A G  p r i i  =  b l t i n  /  a b x r e g  /  v a r  f u n  . s e  /  c o n s t  .  s e  /  ' (  e x p  " )  /  
i r a m e d  /  i n d i r ;  

6  A H  a b  x r e g  =  " . a r "  /  " . b r "  / " . x r "  i  

6 A I  b l t i n  =  ( ( " " . I r s h "  M  a c t u a l  * )  . n u m  / " . I s h "  * (  a c t u a l  * )  - n u m  
/ " . r s b "  * (  a c t u a l  * >  . n u m  )  (  " .  2 "  / . e m p t y ) )  / " . b r s "  - n u m  * (  a c t u a l  ' ) ;  

6 A J  »  a r  f u n  =  . i d  ( " I "  i n d e x  " J "  / * (  a c t u a l  * )  / . e m p t y  ) •  

6 A K  x a r  =  . i d  ( " £ "  i n d e x  " 1 "  /  . e m p t y ) ;  

6 A L  A n l d e x  =  * (  e x p  >  ' )  . t e  / . n u m  / ( . i d  / " . x r "  )  ( " • "  - n u m  /  -  - n u m  
/ . e m p t y  )  ;  

6 A M  a d d r  =  v a r  /  i n d i r  /  i m r a e d  /  c o n s t  i  

6 A N  i o l m c d  =  ( v a r  /  c o n s t  ( " £ "  i n d e x  " 1 "  /  - e m p t y ) )  ;  

6 A 0  i m d i r  =  " I "  ( i m m e d  /  v a r  / c o n s t  )  "  1 "  ;  

6 A P  c o n s t  =  . n u m  - s e  ;  

6 A Q  M C  t e a l  =  . e m p t y  ( e x p  ( " , "  a c t l  /  a c t 4 )  / " • "  a c  t l  / - e m p t y  a c t 4  )  ;  
6  A R  1  a c t l  =  e x p  ( " . "  a c t 2  /  a c t 3  )  / " . "  a c t  2  / a c t 3  ;  

6A.Q 1 act 2 = exp /act 3 ; 

b A Q  2  a c t  3  =  -  e m p t y  *  

6  A O  3  a c t  4  =  - e m p t y  ;  
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6AR s* nerr = ${ - endp „ " / ) ; . end 
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7  . H E D ^ - K O L  "  O P E R A T I O N " ;  . P G N = . P G N - 1 ;  . R E S ;  
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7  A  U s e r  I n t e r f a c e  

7 A J  T h e  M O L  E x e c u t i v e  i s  t h e  i n t e r f a c e  . b e t w e e n  t i h e  u s e r  a n d  t h e  
S t  J  U S C S  t h C  c o | t n , a n d - r e c ( X 9 n i  t  i o n  s t r u c t u r e  o f  t h e  
S L x s L m ! m e  S # , a r i " 9  S y S t e m  i t S e l f '  s p e c i a l l y  t h a t  o f  . t h e  Q E D  

m  e a n i  n  g i s  a t t a c h e d  t o  c e r t a i n  c o n t r o l  
c h a r a c t e r s ,  w h e n  o n e  o f  t h e m  i s  t y p e d  b y  t h e  u s e r ,  t h e  
' r e m a i n d e r  o f  t  h e  c o n t r o l  w o r d  o r  p h r a s e  i s  e c h o e d  b y  t h e  I * E c !  
^ S o m e  c h a r a c t e r s  r e p r e s e n t  c o m m a n d s  t o i  b e  p e r f o r m e d ,  o t h e r s  
T e o u i ? e n f i 5  r e q u i r i n 9  a  " e s / n o  t y p e  o f  a n s w e r .  a n d  o t h e r s  r e q u i r e  f i l e  n a m e s ,  s u c h  a s  I n p u t : / p r o p / .  

l ? *  c ? m m a n d  r e q u i r e s  a  p e r i o d  f o r  c o n f i r m a t i o n .  I f  a n y  
e c h o e d  a n d d r ! . e r  "  t y P e d *  t h e n  a  s p a c c  a m J  a  q u e s t i o n  m a r k  a r e  e c h o e d  a n d  t t i c  c o m r n a n d  i s  a d o p t e d *  

f o l  U u s - V a r i O U S  c h i r a c t e r s  r e c o g n i z e d  a n d  t h e i r  m e a n i n g s  a r e  a s  

7 J 2 A  U ,  I n p u t ,  - I -  i s  t y p e d  t o  s p e c i f y  t h e  i n p u t  f i l e  f o r  t h e  

b ^ g i ^ n  f r i * l  h  t h C  1  h 3 S  b e C n  t / P C d *  3  f U c  n a m e  S t v J , u l d  b e  g i v e n ,  f o l l o w e d  b y  a  p e r i o d .  

7 A 2 A I  A n  i n p u t  f i l e  m u s t  b e  s p e c i f i e d  n i  t «  e a c h  n e  u  
i s ' f  J o s h e d . "  T h ' S  U i "  " e  c J o s e o  « h « "  c o m p i l a t i o n  

J i ^ u n ! "  " ° "  i s  L r p e a  t o  s p e c i f /  t h e  o u t p u t  f i l e  f o r  
« 0 L  c o m p i l e r .  A f t e r  t h e  " 0 "  h a s  b e e n  t / l p . d .  a  f i l e  n a m e  i s  

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

f  £ * c h  t i m c  t h e  c o m p i l a t i o n  p r o c e s s  i  i s  i n i t i a t e d ,  t h e  
o l d  o u t p u t  f i l e  i s  c l o s e d  a n d  t h e  n e w  o n e  o p e n e d  I f ,  
h o w e v e r ,  t h e  n e w  o u t p u t  f i l e  n a m e  i s  t h e  s a m e  a s  t h e  l a s t  
o n e  u s e d  f o r  o u t p u t ,  o r  i f  n o n e  h a s  b e n  s p e c i f i e d ?  I  t o n  " e  

/ l  1 5  n 0 t  c i o s c d  a " d  t h e  n e x t  s e t  o f  o u t p u t  i s  
a p p e n d e d  t o  t h e  c u r r e n t  o u t p u t  f i l e .  

s ^ f t f A V 5  P O S 5 i b l e  t o  s p e c i f y  d i f f e r e n t  f i l e s  f o r  o u t p u t ,  
s h o u l d  t h e  w r o n g  o n e  b e  g i v e n .  H o w e v e r ,  w h e n  e x e c u t i o n  o f  
b e  a H S ! '  * e 9 i n s '  t h e  i a s t  s p e c i f i e d  f o r  o u t p u t  w i l l  

ViZll B C 9 i H  C ° ™ p i l a t i o n :  " B "  i s  t y p e d  t o  i n d i c a t e  t h a t  a l l  
f i l e  n a m e s  a n d  f l a g s  h a v e  b e e n  s p e c i f i e d  f o r  t h e  c u r r e n t  

t c  c m p i  l a  1 1  o n .  s o  t h a t  c o m p i l a t i o n  m a y  n o w  a c t u a l l y  b e  i n i t i a t e d .  

7 A 2 C J  I f  t h e r e  i s  i n s u f f i c i e n t  i n f o r m a t i o n  ( s u c h  a s  l a c k  o f  
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f i l e  n a m e s )  t o  i n i t i a t e  t h e  c o m p i l a t i o n  p r o c e s s ,  t h e  c o m m a n d  
w i 1 1  h e  a b o r t e d .  

7 A 2 C 2  W h e n  a  s u c c e s s f u l  c o m p i l a t i o n  h a s  b e e n  p e r f o r m e d ,  t h e  
m e s s a g e  " * » • • *  e n d  o f  c o m p i l a t i o n * * * "  i s .  t y p e d .  I f  c o n t r o l  
r e t u r n s  t o  t h e  u s e r  w i t h o u t  t h i s  m e s s a g e .  t h e n  t h e  
c o m p i l a t i o n  h a s  n o t  b e e n  c o m p l e t e d  »  b e c a u s e  o f  a n  e r r o r  
c o n d i t i o n  ( s u c h  a s  r u n n i n g  o u t  o f  n o  c m  i o n  t h e  R A D .  o r  a n  
i l l e g a l  i n s t r u c t i o n  t r a p  f r o m  t h e  c o m p i l e r ,  e t c . ) .  

7 A 2 D  i z )  Z a p :  " 2 "  >  i s  t y p e d  t o  t e r m i n a t e  t h e  H . O L  E n e c u t i  v e  a n d  
l r e t u r r  c o n t r o l ;  t o  t h e  T S S  E x e c u t i v e .  W h e n  " z a p . "  i s  t y p e d ,  a n y  
r e m a i n i n g  f i l e s  t h a t  a r e  o p e n  a r e  c l o s e d .  

i 7 A 2 £  ( 1 )  L i s t i n g  ( i n t e r l i n e a r ) :  " L "  i s  t y p e d  t o  s e t  t h e  f l a g  
i c c n t r  o l  l i n g  t h e  i n t e r l i n e a r  l i s t i n g .  T h e  e m p e c t e d  r e s p o n s e  i s  
e i t h e r  a  " y "  o r  " n "  f o r  " y e s "  a n d  " n o " ,  r e s p e c t i v e l y ,  a l t h o u g h  
a  p e r i o d  a l o n e  w i l l  b e  t a k e n  a s  a  " y e s "  r e s p o n s e .  

7 A 2 E I  W h e n  * t h e  i n t e r l i n e a r  l i s t i n g  i s  s e n t  t o  a n y  f i l e  
t h a n  t h e  c o n t r o l l i n g  T e l e t y p e ,  a l l  s e m i c o l o n s  a r e  c o n v e r t e d  
i n t o  S  s o  t h a t  A R P A S  . w i l l  n o t  t e r m i n a t e  a  c o m m e n t ,  i n  . t h e  
m i d d l e  o f  t h e  l i n e .  

7 A 2 F  ( t )  T y p e  P r o c e d u r e  N a  m e s s  " T "  i s  t y p e d  t o  s e t  t h e  f  l a g  
u h i c n  d e t e r m i n e s  w h e t h e r  o r  n o t  p r o c e d u r e  r a w s  a r e  t y p e d  o n  
. t h e  c o n t r o l l i n g  t e l e t y p e  a s  t h e y  a r e  c o m p i l e c .  I f  t h e  f  l a g  i s  
s e t .  t h e n  a s  e a c h  p r o c e d u r e  i s  e n c o u n t e r e d  b y  t h e  c o m p i l e r ,  t h e  
n a m e  o f  t h e  p r o c e d u r e  i s  t y p e d .  T h e  r e s p o n s e  t o  t h i s  c o m m a n d  
i s  i n  t h e  u s u a l  " y "  ( y e s )  o r  " n "  ( n o )  m a n n e r .  

7 A 2 G  ( c )  C r o s s  R e f e r e n c e :  " C "  i s  t y p e d  t o  r e q u e s t  a  
c r o s s - r e f e r e n c e  l i s t i n g  o f  t h e  i d e n t i f i e r s  u s e d  i n  t h e  i n p u t  
. f i l e .  T h e  r e s p o n s e  t o  t h i s  c o m m a n d  i s  a  f i l e  n a m e  t h a t  i s  t o  
b e  u s e d  f o r  t h e  c r o s s - r e f e r e n c e  l i s t i n g ,  s u c h  a s  " T e l e t y p e  -

7 A 2 G 1  T h i s  l i s t i n g  g i v e s  t h e  n a m e s  o f  t h e  i d e n t i f i e r s  i n  
a l p h a b e t i c a l  o r d e r ,  a l o n g  w i t h  t h e i r  s t a t e s  ( u n d e f i n e d ,  n o t  
u s e d ,  e t c . )  a n d  a n  o r d e r e d  l i s t  o f  t h e  l i n e  n u m b e r s  o n  w h i c h  
t  h e  y  a r  e  u s  e d  .  

7 A 2 H  ( r )  R e e n t r a n t :  " R "  i s  t y p e d  t o  s e t  t h e  f l a g  t h a t  g o v e r n s  
w h e t h e r  o r  n o t  i t  h e  c o m p i l a t i o n  p r o d u c e s  r e e n t r a n t  c a d e .  

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

7 A 2 H 1  I f  t h e  r e s p o n s e  i f  y e s .  t h e n  t h e  f l a g  •  f ° r _  g e n e r a t e  
t e m p o r a r i e s "  ( s e e  b e l o w )  i s  a u t o m a t i c a l l y  s e t  t o  n o  .  
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< 1 1 2 1  ( g )  G e n e r a t e  T e m p o r a r i e s :  " G "  i s  u s e d  t o  s e t  t h e  i f  l a g  
t u h i  c h  s p e c i f i e s  . w h e t h e r  o r  n o t  t h e  t e m p o r a r i e s  u s e d  i n  t h e  l a s t  
i n p u t  f i l e  a r e  t o  b e  a l l o c a t e d  a t  t h e  e n d  o f  t h e  o u t p u t  f i  l « e .  

7 A 2 I  I  I f  t h i s  f l a g  i s  o n .  t h e  t h e  t e m p o r a r i e s  a r e  a l l o c a t e d  
( t h i s  i s  t h e  u s u a l  c a s e ) .  I f  t h e  f l a g  i s  o f f  ( s e t  b y  g i w i n g  
a  " n o "  r e s p o n s e ) .  t h e n  t h e  t e m p o r a r i e s  a r e  n o t  a l l o c a t e d .  
T h e  l a t t e r  i s  g e n e r a l l y  u s e d  w h e n  r e e n t r a n t  c o d e  i s  b e i n g  
p r o d u c e d .  a n d  t h e n  i n  c o n n e c t i o n  w i t h  t h e  " p r e f  i x  f o r  
t e m p o r a r i e s  "  d e c l a r a t i o n .  

» 7 A 2 J  ( k  )  K e e p  " C o m p i l i n g :  " K "  i s  t h e  s a m e  a s  " b e g i n  c o m p i l i n g . "  
e x c e p t  t h a t  s o m e  p a r t s  o f  t h e  M O L  c o m p i l e r  a r e  n o t  
r e  i n  i t i a l i z e d :  

7 A 2 J 1  T h e s e  a r e  t h e  s y m b o l  t a b l e  a n d  t h e  t e m p o r a r y -  a n d  
g e n e r a t e d - 1  a b e  1  c o u n t s .  T h e  p u r p o s e  o f  t h i s  c o m m a n d  i s  t o  
p r o v i d e  a  m e a n s  o f  c o m p i l i n g  o n e  i n p u t  f i l e *  a n d  t h e n  
a n o t h e r ,  a s  i f  s t h e y  w e r e  a l l  t h e  s a m e  i n p u t  f i l e .  

7 A 2 K  ( q  )  Q u i c k :  " Q "  c a u s e s  t h e  s u p r e s s i o n  o f  t h e  s t r i n g  w h i c h  
i s  n o r m a l l y  e c h o e d  f o r  e a c h  c o m m a n d  c h a r a c t e r .  

7 A 2 L  ( v )  V e r b o s e :  " V "  c a u s e s  t h e  p r i n t i n g  o f  t h e  s t r i n g  w h i c h  
g i v e s  t h e  m e a n i n g  f o r  e a c h  c h a r a c t e r  t y p e d  a s  a  c o m m a n d .  

i 7 f 2 M  A n y  o t h e r  c h a r a c t e r s  t y p e d  a r e  i l l e g a l ;  t h e  H Q L  E x e c i i t i v e  
w i l l  r e s p o n d  w i t h  a  s p a c e  f o l l o w e d  b y  a  q u e s t i o n  m a r k .  

7 B  E r r o r  R e c o v e r y  a n d  E r r o r  M e s s a g e s  

7 B  I .  T h e  o n l y  e r r o r s  w h i c h  s h o u l d  n o r m a l l y  b e  e x l p t c t e d  a r e  s y n t a x  
e r r o r s  i n  t h e  u s e r ' s  i n p u t  f i l e .  

7 B 1 A  W h e n  s u c h  a n  e r r o r  o c c u r s ,  a n  a p p r o p r i a t e  e r r o r  m e s s a g e  i s  
t y p e d .  a l o n g  w i t h  t h e  l i n e  n u m b e r  a n d  l i n e  w h i c h  c a u s e d  t h e  
l e r r o r .  A l s o  r a n  u p a r r o w  i s  t y p e d  u n d e r  t h e  l a s t  c h a r a c t e r  
i l r t e r p r e t e d  b y  t h e  c o m p i l e r .  

. 7 E I B  T o  a t t e m p t  a n  e r r o r  r e c o v e r y ,  a  s c a n  i s  m a d e  f o r  t h e  n e x t  
l " c n d p . " .  s t a c k s  a r e  r e s e t .  a n d  a n  a t t e m p t  i s  a a d e  t o  r e s t a r t  
i t h e  c o m p i l e r  t o  l o o k  f  o r  a  p r o c e d u r e .  T h i s  t y p e  o f  p r o c e d u r e  
h a s  p r o v e n  f a i r l y  u s e f u l ,  a n d  i s  f a r  b e t t e r  t h a n  j u s t  g i w i n g  
u p .  

7&2 Another user error which may arise is the occurrence of 
i d e n t i f i e r s  o r  n u m b e r s  l o n g e r  t h a n  t h e  m a x i m u m  l e n g t h  a l l o w e d  ( 6  
a n d  9  r e s p e c t i v e l y ) .  I n  t h i s  c a s e  a  w a r n i n g  m e s s a g e  i s  t y p e d ,  t h e  
r e m a i n d e r  o f  t h e  s t r i n g  i s  s k i p p e d ,  a n d  c o m p i l a t i o n  c o n t i n u e s .  
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MOL -  OPfc RATION 

7 t i J  N e x t  o n  t h e  l i s t  o f  errors are stack and symbol-table 
over/underf low. 

7B3A Al l  the stacks and sy mbol tables have been set  to adequate 
•sizes for mast programs, and the normal user wi l l  never 
encounter the bounds. When and i f  they are exceeded, an error 
message to this effect  is typed and t ihe compilat ion process is 

i ter  mi nated.  

7B4 Yet another,  even more obscure.  error is one caused by an 
i l legal  str ing passed to FMT (a routine internal  to the MOL 
compiler)  .  

/E4A Such a str ing originates in the syntax equations 
it temse Ives.  and this error can on ly be the result  of changes 
"  c  l n  syntax f i le  of the compiler;  when this is 
cross-checked by FMT,)  the error is  detected.  This is  treated 
a s  a  f a t a l  e r r o r .  a n d  c o m p i l a t i o n  c e a s e s .  B u t  t h i s  e r r o r  
tsrould never occur in the normal course of events.  

785 Final ly there are two types of errors frcm which i there is  no 
reciovery at  present.  

785A Internal  condit ions in the compiler,  such as i l legal  
memory references or i l legal  instructions,  or program loops 

it  rope ful ly,  none of  these wi l l  ever occur) .  

765B Condit ions external  to the compiler.  such as running out 
of  room on the RAD. or a rubout by the tser.  or a system 
crash.  
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8 .H£D = -«U -  SAMPt .£  PROGRAM";  .PGK=.RON-,  j  .R E S ;  
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K O I  -  S A M P L E  P R O G R A M  

8 A  ( i n c t - a r )  T h e  " i  r i c h e r "  p r o c e d u r e  i s  a n  i n t e r m e d i a t e  i n t e r f a c e  
b e t w e e n  t h e  i n p u t  m e d i u m  a n d  t h e  c o m p i l e r .  

8 A 1  T h i s  r o u t i n e  b u f f e r s  o n e  l i n e  o f  t e x t  a t  a  t i m e ,  o u t p u t s  i f  t o  
t h e  o u t p u t  f i l e  C  i f  t h e  l i s t  o p t i o n  i s  s e t )  a n d  r e t u r n s  . t h e  n e x t  
c h a r a c t e r  i n  t h e  A  r e g i s t e r .  

8 A 2  " i n c h a r "  a l s o  h a s  a n  e n t r y  p o i n t  t o  p r i n t  e r r o r  c o m m e n t s  t o  
t h e  c o n t r o l l i n g  T e l e t y p e  s h o u l d  a n y  s y n t a x  e r r o r  o e  d e t e c t e d ,  
. d s  n - 1  ;  .  i s p  =  0 ;  .  m i n  - 2  8 ;  . i n s  =  2 ;  

8 8  ( i n c h a r )  p r o c e d u r e ;  . s c r = J ;  

8 B i  c e c l a r e  n c h a r  =  £ 0 »  m c h a r - 8 0 .  m a x c h = 8 0 »  l i r e C 8 0 3 «  i  •  

8 8 2  d e c l a r e  e x t e r n a l  l i s t = l »  n l i n e = 0 »  l f = 1 5 3 t o »  c r = ! 5 5 b »  s p a c e = O b ;  

883: ceclare star= * *,tarrou=* • peeked=fl; 

8 8 A :  i f  p e e k e d  t h e n  

. 8 E 4 A  b e g i n  

8 B 4 A i  p e e k e d * - © ;  

8 8 4 A 2  r e t u r n ( l i n e i n c h a r  1 >  e n d ;  

8 8 5 i  i f  n c h a r  .  g e  i c c h a r  

8 B 5 A  t h e n  

8 B 5 A 1  b e g i n  

8 B 5 A J A  f o r  i  f r o m  0  i n c  i  t o  a a x c h  d o  

8 B 5 A I A 1  b e g i n  

8 B 5 A 1 A 1 A  l i n e C i l  « -  g e n c h ( ) ;  

8 B 5 A I A I 8  i f  . a r  .  e q  I f  t h e n  g o t o  m i  e n d ;  

8 B 5 A J B  m  c h a r  -  m a x c h ;  

8 B 5 A I C  g o t o  m 2 ;  

8 B S A 1 0  ( m l ) :  n c h a r  • -  i i  

3 B 5 A I E  ( m 2 ) :  i f  l i s t  t h e n  

8 B  5 A I E I  b e g i n  
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MOL -  SAMPLE PROGRAM 

3B 5A IE 1A cal l  putch(star);  

8B5 AI  f  IB * f o r  i  # r  » m  A a  
putch (1 i  neli  3)  end; 0 x nc lo .char do cal l  

8B5AJF n char «- o  ;  

SB 5 A 1G bump nl ine end 

>3B5fi  e lse buap nchar;  

88^i  re turn ( l inetnchar]  )  ;  

8 3 7  e n t r y  Cperr);  

8B7A cal l  putch(star);  

. f iG/8 for i  fro.  0 inc I  to .schar do p at  ch < I  iret  i  1 >; 

86fC for i  fro.  0 i  „e I  to „ct ,ar- l  do Pat ch< spar.  > ;  

.8870 cal l  putc h(arrou) ;  

8E7E cal l  put ch (cr);  

8£7F cal  1 putc h(  I f  )  ;  

i8E7G return 

8118 endp. 
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MOL -  SAM1PLE PROGRAM 

9 .H£D="MjQL ~ COMPILER !LISTING";  .PGN=.PGN-1i  .RES 
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M O L  -  C O M P I L E R  L I S T I N G  I  

9 A  Z m o l  %  .  m e t a  p r o g  ( k =  1  0 0  .  m =  1  0 0 , n =  J  0 0 »  s s  =  2 * 0 0 )  

9 B  % p a r s e  r u l e s l  

9 B 1  2 f  i  1  e  a n d  i p r o e t i u r e  h e a d i n g s ?  n e e d  a d d  r e e n t r a n t  c o a n d  g e n e r a t e  
t e m p  o p t i o n s  

. 9 B J A  p r o g  =  ( . i d  / . e m p t y )  S l a r p a s  *  ;  /  p r o c )  " f i n i s h "  & ;  

9 B I B  p r o c  =  

• 9 B 1 B I  p a n i c  ( " p o p "  *  (  s i n u m  * .  s i n u m  * •  s i n u m  ' )  / . e m p t y  
X  (  " p r o c e d u r e  " / " p r o c "  )  f o r m a l  *  ;  

9 B  I B 2  S (  d e c i a r  )  
/ 

9 B I B 3  l a b e l e d  S ( ' i  l a b e l e d )  

9 B 2 A  d e c i a r  =  d e c l  /  e  x t  /  e q u  /  v i r t u e  /  f r o z e n  •  p r e f i x ;  

t 9 B Z B  d e c l  =  " d e c l a r e  "  ( " e x t e r n a l "  : e x t  /  - e m p t y  : m t ) £ 0 3  i t e m  
$ ( * •  i t e m  : d o t { 2 1 )  : d c d e c i £ 2 3 »  

9 8 2 B I  i t e m  =  -  - i d  ( b o u n d  / . e m p t y  i m t t O J )  l v a l u e  / . e m p t y  
s  m t  £ 0 1 )  5 i t m £ 3  3 ;  

9 B 2 B 2  b o u n d  =  * 1  ( . n u m  /  . i d )  * 3  : b n d £ 1 3 i  

9 B 2 B 3  v a l u e  =  * =  (  M  i c o n  $ ( * •  i c o n  : d o T 2 1 )  M  /  i c o n )  
s v a l t l 3 i  

9 B 2 B 4  i c o n  =  s i n u m  /  . i d  /  . s r  ;  

. 9 B 2 C  e x t  =  " e x t e r n a l  "  . i d  ( * •  - i d  s d o £ 2 3 )  -  c e  x t  1 1  j  «  

9 B 2 D  e q u  -  " s e t  "  > e q u l  ( * «  e q u l  s d o £ 2 3 )  J c e q u I i l S  

9 B 2 D 1  e q u l  =  « .  i d  * =  ( - i d  /  s i n u m )  2 e q u s £ 2 1 i  

i 9 £ 2 E  v i r t u e  =  ; " v i r t u a l  "  c v a r  $ ( * »  c v a r  : d o £ 2 3 )  :  c v  i r t u t  I  1 ;  

9 B 2 E 1  c v a r  < =  . i d  ( b o u n d  7  . e m p t y  - m t l O l )  : c c v a r £ 2  3 ;  
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MOL -  COMPILER LISTING 

.982F f rozen = " f rozen "  . id  $( '» - id  )£;  Xth is is  going to go! Z 

9B2G pref ix  = "pref ix  "  " for"  Xu i  11 go a lso* but  need abi iy  to 
lset  tempts to a unknown symbol% 

9B2G1 (  "generated" " labels"  .sr  !  "set  i t  mow" /  

9B2G2 " temporar ies"  .sr  i "and th is  too") ;  

9B3 s tat  = ( i  f  /  s imple)  *  &• 

9B3A i f  = " i f  "  xbexp 

9B3AI " then" »1 - i f  1123 *  s imple (  

9B3AJA "e lse"  « l«22i f£21* s tat  »2- :bru£l  J» i 

9B 3A IB .  empty )  /  

9B3A2 "do-s ingle"  s tat  )  " IdefCl i ;  

9B3B s imple -  block /branch /suber / i ter  at  /case /other  /exp &» 

9B 3B I  block = "begin "  labeled $< *  ;  labeled)  "end" i  

9B3B2 branch = bruto /  brxto i  

9B3B2A brxto = "brx "  topart  :cbrxto£21;  

9B 3B 28 bruto = 

9B3B2B1 I  ("bru "  /  "go " )  topart  /  

9B3B2B2 "goto "  adrarg)  :cbruto£23;  

9B3B2C topart  = " to"  adrarg;  

9B382D adrarg = (  exp actual  St* ,  exp actual  2 do £2.3)  /  
.empty) ;  

9B3B3 suber = ca l l  / return /  entry ; /cu 'UWV p 

9B3B3A return = 

9B3B3A1 " return "  actual  :  crtn £ i  1/  

9B3B3A2 ( "brr  "  topart  scbrr /  

9B3BJA3 "sbrr  "  topart  :csbrr)£2 3i  
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M O L  -  C i O M  P i L E R  L I S T . I H C  

9 B 3 B 3 B  c a l l  =  

9 B 3 B 3 B J  ( " c a l l  "  a d r a r g  i c c a l l /  

9 B 3 B 3 . B 2  " b c m  "  t o p a r  1  : c b r m /  

9 B 3 8  3 B 3  "  s b r m  "  t o p a r t  : c s b r m ) 1 2 1 ;  

9 B 3 B 3 C  e n t r y  =  "  e n  t r  y  "  . i d  f o r m a l  :  c e o t r y £ 2 J ;  

9 B 3 B 4  i t e r a t  =  f o r  /  w h i l e  /  o v e r  ;  

9 B 3 B 4 A  f  o r  =  " f o r  "  . i d  " f r o m  "  e x p  C i n e  -  s i n e  / " < w  •  
:  d e c  )  , 1 0 1  e x p  " t o  »  e  X P  " d o  "  =  c f a M £ 4 1  - s t a t  t J o r i m *  

' " i l f t n ; 1 '  =  " u h ' 1 < !  "  e * P  " d » "  " 1  .  s t a t  » l  

9 B 3 B 4 C  o  v  e r  =  " o v e r  -  . i d  - £  .  i d  , . n u .  , ,  d „  

9 B 3 B 5  c a s e  -  i  t h e s e  /  t e s t *  

" e n d - ^ ; 1  t h C S e  =  C a S e  "  C X P  " ° f "  " b  e 9 i  n "  s t  a t  $ ( ' ;  s t a t )  

t e S ^  ~  t e s t  e x P  " o f "  b e g i n  c a s e s t  $ ( • ;  c a s e s t )  
(  o t h e r w i s e "  s t a t  / . e m p t y  : m t l l )  ;  

9 8  3 B  S B  J  c a s e s t  =  ( b i n r e l  /  e x p )  s t a t i  

9 B 3 B 6  o t h e r  =  b u m p  / n u l l  / e x u  / a r p a s  / c o p y  ;  

9 B 3 B 6 A  b u m p  =  " b u m p  "  (  

9 B 3 B 6 A 1  " d o w n "  a d r l s t  : b m p d w n £ n  /  

9 8 3 B 6 A 2  ( " u p "  / . e m p t y )  a d r l s t  s b m p u p l l l i ;  

9 B 3 B 6 A 3  a a r l s t  =  e x p  $ ( * ,  e x p  : d - o l 2 1 ) ;  

9 B 3 B 6 B  n u l l  =  " n u l l "  i m t l O J ;  

9 B 3 B & C  e x u  -  " e x e c u t e  "  e x p  S e x u l J l ;  

9 B 3 B 6 D  c o p y  =  " c o p y  "  ;  

9 B 3 B 6 £  C P , b i t  =  - a  / •  b  /  - a b -  ,  .  ,  
h a  /  b x  /  " x a  /  " x b " ;  
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M O L  -  C . O W P I L B R  L I S T I N G  f  

9 B 4 I  e x p  =  b e x p  

9 B 4 A  b e x p  5 x c h a n g I 2 I /  

. 9 E 4 B  S C .  b e x p  : d o t 2 I >  

9 B 4 B 1  l # *  

9 B 4 B 1 A  ( * +  e x p  : a d d m e m I 2 3  /  

9 B 4 B 1 B  . e m p t y  e x p  : s  t o r e !  2 1 ) ;  

9 B 4 C  b e x p  =  " i f  "  u n i o n  " t h e n  "  : i f t e s t l l l  *  u n i o n  ( " e l s e  
e x p )  /  u n i o n ;  

9 B 4 D  u n i o n  -  i n t e r  ( " o r  "  u n i o n  :  o r  [  2  3  / . e m p t y ) ;  

, 9 B 4 £  i n t e r  =  n e s  ( " a n d  "  i n t e r  : a n d ( 2 1  / . e m p t y ) ;  

9 B 4 F  n e g  =  " n o ^  "  n e g n e g  /  r e l a t  ;  

i 9 B 4 G  n e g n e g  =  " n o t  "  n e g  /  r e l a t  s n o t l i l  ;  

i 9 B 4 H  r e l a t  =  

9 B 4 H 1  " . p a s "  m d d r  :  p o s t  I I /  

9 B 4 H 2  " . n e g "  a d d r  : n e g t l l  /  

9 B 4 H 3  " . s k i p "  p r i m  : s k i p l l l  /  

9 B 4 H 4  " . d e c p o s "  p r i m  : d e c p o s I I 3 /  

9 B 4 H 5  " . o e c n e g "  p r i m  : d e c n e g t l l /  

9 B 4 H 6  s u m  (  b i n r e l  /  -  e m p t y ) .  

» 9 B 4 1  b i n r e l  =  

9 B 4 1  1  " . i t "  s u m  : I t  1 2  I  /  

9 B 4 I 2  "  -  i e "  s u m  : i e ! 2 1  /  

9 8 4 1 3  ~ . e q "  s u m  ( * &  s u m  : m s k £ 3 1  /  . e m p t y )  : e q ! 2 I  /  

9 B 4 I 4  *  &  s u m  : m s k [ 2 I  (  

9 B 4 I 4 A  " .  c q "  s u m  : e q I 2 3  /  

9 B 4 I 4 B  " . n e "  s u m  : n e t 2 I )  /  
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M O L  -  cm F I L E R  L I S T  I N G  

9 B 4 I 5  " . n e " (  s u m  { * &  s u m  : m s k £ 3 l  /  . e m p t y )  s n e £ 2 3  /  

9 B 4 I 6  " . g e "  s u m  :  g e  £ 2 ]  /  

9 B 4 I 7  " . g t "  s u m  S g t £ 2 3  /  

9 B 4 I 8  "  .  c b  "  s u m  J c b £ 2  3  /  

9 B 4 1 9  " . n e b  "  s u m  : n c b £ 2 3  /  

9 B 4 I  1 0  s u m  s u m  *  3  =  i n t £ 3  3  ;  

9 B 4 J  s u m  =  p r o d  £ C  +  s u m  :  a d d  /  s u m  : s u b ) £ 2 3  / . e m p t y ) ;  

i 9 £ 4 X  p r o d  =  f a c t o r  ( ( ' *  p r o d  s m u l t  /  *  /  p r o d  = d i v i d  /  ' *  - r o d  
S r e m ) £ 2 3  / . e m p t y ) ;  

9 B 4 L  f  a c t o r  -  b o r  /  *  —  f a c t o r  *  m i n u s . 1 3  3 ;  

> 9 B 4 M  b o r  • = •  b a n d  < ( " . v  "  b o r  :  m r  g /  " . x  "  b o r  : e o r H 2 J  / . e m p t y ;  

9 B 4 N  b a n d  =  p r  i m  C " . a  "  b a n d  : e t r £ 2 3  / . e m p t y ) ;  

. 9 8 4 0  p r i m  =  b l . t i n  /  a b x r e g  /  v a r f u n  /  c o n s t  /  i m m e d  /  i n d i r  /  
I  e x p  ' )  /  a r p a s  «  

9 B  4 0  I  a b x r e g  =  ( " . a r "  -  a r  e  g  /  " . x r "  J x r e g  /  b r  "  i b r e g i l O ) ;  

9 B 4 Q 2  b t t i n  = •  s h i f t  /  b r s  ;  

9 B 4 0 2 A  s h i f t  =  s h i f t )  a c t u a l  ( " , 2 "  U a g g e d l O l  / . e m p t y  
:  m t  f  0  3 )  :  c s h i  f t  I  3  3 ;  

9 B 4 Q 2 B  s h i  f t !  =  C . l r s h "  :  I r s h  / " . l s h "  s  i s f r i  / " . r s h "  =  r s h  
/ " . r  c y  "  J r  c y  /  " . I c y "  : i c y ) C 0 3 ;  

9 B 4 0 2 C  b r s  =  " . b r s "  s  i n  u r n  a c t u a l  3 c b r s £ 2 J ;  

9 B 4 0 3  v a r f u n  =  . i d  ( ' £  i n d e x  ' )  / . e m p t y )  a c t u a l  ;  

9 ® 5  a d d r  =  v a r  /  i n d i r  /  i m m e d  /  c o n s t  ;  

9 B 5 A  s i n u f l i  =  c o n s t  : s c o n [  I  3  /  c o n s t  )  ;  

.985B index - • I sum »3 :indx£!3 ; 

985C immed - '$ (Var / sinum ( index / .empty) / - sr ) 
cimined £ I 3 ; 

i 9 £ 5 D  i n d i r  =  * £  ( i m m e d  /  v a r  /  c o n s t )  * 3  S c i r d i r H ]  ;  
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-  C Q W P  H E R  L  I S  I I  K G  I  

9 8 5 E  c o n s t  =  .  n u m  s c o n  [ I  I  i  

9 E 5 F  v a r  =  - i d  ( i n d e x  / . e m p t y  m t £ 0 3 )  s c v a r £ 2 3 «  

9 & 6  a c t u a l  =  * (  a c t l  a c t 2  a c t 2  * >  s a c t £ 3 3  J - e m p t y  - m t l l  *  

. 9 8 6 A  a c t l  =  e x p  /  - e m p t y  s m t t O I  ;  

9 E 6 B  a c t 2  =  '  «  /  - e m p t y  s m t t O l i  

9 C  2 « u n , p a r s e  r u l e s !  

9 C J  !  d e c i  a r a t i o n r s  X 

9 C 1 A  c e x t  I d o  3  = »  c e x t £ * l : * l l  c e x t C * l « » 2 1  

9 C  1 A  I  £ - 3  = >  *  I  "  e x t " \  (  .  t a  £  *  I  «  a  l e t  e d  1  ? e r r o i r  
- s a t  * 1  « e x t n r  1  3  ) i  

9 C  I B  c e q u £ d o £ - . - 3 3  = >  c e q u t * l s * 1 3  c e q u * l : * 2 3  

9 C 1 B 1  £ - 3  =  »  » l s * l  "  e u  " » 2 \ ;  

9 C 2  2  b a s i c  e x e c u t a b l e  s t a t e m e n t s !  

: 9 C 2 A  ! u h i l e !  

9 C 2 A I  « h i l  I i £ I  » * 2  3  = >  d e f t  * 2 3  u h i l x  £ *  I  .  » 2  3  ;  

9 C 2 A 2  u h i l x £ - . * 2 3  -  >  l o  p r  t *  I  .  * 1  . * 2 1  b r f £ * l . * 2 3  d e f t * 2 3 .  

• 9 C 2 A 3  u h  i l  2 r £  #  1  « *  2  3  = >  b r u £ #  1 1  d e f £ * 2 1 i  

9 C 2 B  2  i f !  

9 C 2 B I  i f l £ - . * 2 3  = >  l o p r £  *  1 . # 1 • *  2  I  b r f £ * l » * 2 3  d e f £ * l 3 .  

9 C 2 B 2  i f 2 £ » l . » 2 3  = >  b r u £ « 2 1  d e f £ # l 3 ;  

; 9 C 2 C  !  b r a n c h !  

9 C 2 C 1  b r > u £ *  I  3  = >  " b r u  "  « 1  \ ;  

9 C 2 C  2  c  b r u t  o t - 3  = >  e g o t o t " b r u " . *  J • *  2 3  i  

9 C 2 C 3  c b r x t o £ - . - 3  = >  e g o  t o  I "  b r  x "  .  *  1  .  *  2  3  ;  

9C2C4 cbrrtot-.-l = > eg ot o£ "brr " « * 1 • * 21 i 

9 C 2 C 5  c s b r r r t o t - 3  = >  c  g o t o t  " s b r r "  .  *  i  .  *  2  3 ;  
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9 C 2 C 6  c b r m t o t - , - 3  = >  e g  o t  o C  " b r m  "  ,  *  1 ,  *  2 3  ;  

9 C 2 C 7  c s b r m l - t - ]  = >  c g o t  o t  " s b r  m "  ,  *  I  ,  *  2  3 ;  

9 C  2  C  8  c  c  a l l  [  -  ,  -  3  =  >  

9 C 2 C 8 4  .  t f  r e n t r t  e g  o t  o  £  " s  b r  m "  »  *  1  ,  *  2  3  /  

9 C 2 C 8 B  c g o t o t  " b r m " , *  I  , * 2 3  i  

9 C 2 C 9  c r t n l - l  = >  

9 C 2 C 9 A  .  t f  p o p p r c  " b r r  0 " \  /  

9 C 2 C 9 B  .  t f  r e n t r t  c g o t o l  " s b r m "  , ? , *  J  ]  

9 C 2 C 9 C  c g o t o l  " b r r "  , ?  ,  * 2  3 ;  

9 C 2 C I 0  c g o t o [ - « - , - 3  = >  

9 C 2 C I 0 A  f* 3  t o k e n  £ *  1 1  o p e r £ * J , * i 3  /  

9 C 2 C 1 0 B  w o r k !  * 2  3  " b r u *  "  . w \ ;  

9 C 2 D  c e x u l - 3  = >  o p  e r  t "  e x u "  , *  I  3  ;  

9 C 2 £  c e n t r y t -  = >  b r u £ « J 3  ' $  * |  -  2 r o  -  ? p r  o c n a m e  * 2  l . t l  
I r e n t r t  /  . e m p t y  ? ? )  d e f £ » M ;  

9 0  2  i n s t r u c t i o n s  w i t h  a n  a d d e s s  f i e l d  X  

9 C 3 A  o p e r £ - , c i n d i r £ - 3  3  = >  o p e r 1 [ *  I , *  2 » *  *  3  

9 C 3 A 1  £ - * - 3  = >  o p e r l [ * J , * 2 , *  3 ;  

9 C 3 B  o p e r J  

9 C 3 B I  £ - » c v  a r l - , m t [  3 t - 3  = >  '  * 1  * 3  * 2 : * 1 \  

9 C 3 B 2  l - » c v a r l - » - 3 .  -  3  = >  p r e n d x l  *  2:* 2  3  *  * 0  * 3  •  » 2 : * l  
1 2 " \ 

9 C 3 B 3  t - » c i m m e d £ . i d t m t £ J 3 » - 3  = »  *  » i  * 3  *  » =  » 2 = » J \  

9 C 3 B 4  ! - •  e  i  m . m  e d  I .  i  d  » - 3  » - 3  = >  p r e n d x [ *  2  :  * 2 3  "  * i  * 3  *  » -
•  2 :  *  1  2"  V 

9 C 3 B S  £ - » c i  m m e d t c o n  £ 3  » m  t £  3 3  3  = »  *  * 1  * 3  * 2 : « l : * l \  

9 C 3 B 6  £ - » c  i m m e d l  s c o n  [ -  3  ,  m t  £ 3  3  3  = >  *  * 1  * 3  • _  * 2 : * J : * | \  
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9 C 3 B 7  £ - ,  c i  m m  e d f c o n  £  1  » - 3  3  = >  * p r  e n d x £ * 2 s » 2  ]  * 3  * 3  
* 2 S * I : * 1  "  »  2" \ 

9 C 3 B 8  c - i  • •  e d £ s c a n t -  J « — 1  3  = >  p r e n d  x £  *  2 :  * 2 1  *  * 1  * 3  
» 2 i *  I s »  J  " • 2 "  \  

: 9 C 3 C  p r e n d x £ m b £  3  3  = >  . e m p t y  

9 C 3 C I  l  a d d £  c o n t - 3 , - 3  3  -  >  l o a d x £ * l : * 2 3  "  e a x  "  * l : * J  " , 2 " \  

9 C 3 C 2  £ a d d £  -  •  c o n  [  -  3  3  3  = »  l o a d x £ » l : * i 3  "  e a w  "  * 1 - *  1  " . 2 " 4  

9 C 3 C 3  £  s u b  I  c o n  I -  3 « ~  3  3  = >  l o a d x £ * l : » 2 3  "  e a x  » i : * l  M  t 2  \  

9 C 3 C 4  I  s u b £ - »  c o n  £ -  3  3  3  = >  l o a d x £ * l : * J 3  "  e a x  *2 :  *  1  " » 2 " \  

9 C 3 C 5  £ - 3  - >  l o a d x £ * J 3 ;  

9 C 3 D  1  o a d x  £ x r e  « ) £  3  3  = >  - e m p t y  

9 C 3 D 1  £  a r e  g  £  3  3  = >  "  e a x  " \  

9 C 3 D 2  £ - 3  = >  t o k e n  £ » 1 1  o p e r t  " l d x  " «  *  1  3  / (  t r y b £ » 1 3  c b . x  \  /  
i o a d a £ * 1 3  "  c a x " \ ) »  

9 C 3 E  t  o k e i * £  c v a n  £ - » m  t  £  3  3  3  =  »  . e m p t y  

9 C 3 E 1  £ c v a r £ - , - 3  3  = >  x t  o k  e n  £ »  I  s * 2  3  

9 C 3 E 2  £  c  o n  £  -  3  3  = >  . e m p t y  

9 C 3 E 3  £  c i n d  i r  I -  3  3  = >  t o k e n £ » U * J 3  

9 C 3 E 4  £ c  i m n r e  d £ -  3  3  = >  t o k e n £ « l : * l  3  

9 C 3 E 5  t s c o n  £  3  3  = >  . e m p t y  

9 C 3 E 6  £  -  i  d  3  - »  . e m p t y  

9 C 3 E 7  [ . n u n  3  = >  . e m p t y  

9 C 3 F  x t o k e n £ c v  a r l - , - 3 3  = >  x t o k e n £ » U » 2 3  

9 C 3 F I  £ a d d  I  -  » c o n  £  3  3  3  = >  x t  o k  e n  £  *  J  =  *  1  3  

9 C 3 F 2  £ a d d £  c o n t  3 , - 3  3  = >  x t o k e r t f  *  1  2 3  

9 C  3 F  3  £ s u b £ - » - 3 3  -  >  x t  o k  e n  £ a  d d  £  *  1  :  *  1  •  *  1  '  *  2  3  3  

9 C 3 F 4  £ x r e g  £  3  3  = >  . e m p t y  
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• 9C3F5 £areg£33 => .empty 

9C3F6 £breg£33 => .empty; 

9C4 2 logical operation and branches! 

:9C4A lopr£or-£ -,-3,*1,-3 => lo pr £ * 1s * J,# J,*2 3 br t E» 1 : *J»# 1 3 
id ef £ * 2 3 lopr£» 1 :»2,*1 , *33 

9C4AI : fan d£~,- 3• * 1 J => lor [• 1: * 1. *2, *1 3 brf£ * 1:» !•* 1 J 
def£*2J lopsr £• 1 : *2 , »2«* 1 3 

9C4A2 Inotf - 3.«l ,#2 3 => 1 opr£ * 3 :* 1 ,*2, * J 3 

9C4A3 £-»-»-3 -> .empty; 

9C4B brtfor I-, - 3**1 3 => Or t£ * 1 : » 2, # 1 3 

9C4BI £ and £ - » - J, * 3 3 => br t £* 3 : » 2 , * J 3 

9C4B2 Inot £ - 3* * 1 J => br f £» 1 : * 1 , * 13 

9C4B3 £le £-»-].*13 => b le£* I : »1 , * 1: » 2.* 1 3 

9C4B4 £ 11£-» - 3»*11 => bl t£ « 1 :* 1, * 1 :*2, * 13 

• 9C4B5 £eq£-.-J.«l3 =? be g£ * 1 : * 1. * 1 : » 2, * 1 3 

9C4B6 Cge£-,-3,#l3 => b get » 1: * i, * 1: * 2, » 1 3 

9C467 £ gt£-•—!•* 1 1 => b le£» I : *2, * I :• J ,* 13 

9C4B8 Ine£- »- 3. * 1 3 => bn e£ » 1 : * 1, * 1 = * 2. * 13 

9C4B9 £ p os t -3**13 => bp os £ * 1 : * 1 , # 13 

9C4BJ0 £neg£-» 3»*1 => bneg£•1s* 1,#I3 

9C4B1 1 £cb t- »- J» *1 3 => bcb £* 1 :* J , * 1 s* 2, * 13 

9C4BI2 In cb l - • - 3 • * I 3 => bncb£ * J : * 1, » J :* 2* *i 3 

9C4BJ3 lint I-,-3,# 13 -> bint£*1:*i* * 1z*2,*1s»3 ** 1 3 

9C4BI4 £-,*33 => lo adal * 1 3 " ske =0;" bru£*2J; 

9C4C brf£br£-»-3**13 => brf£*1:*2*»13 

9C4C1 £and£— • - 3, * I 3 => br f£ * 1 :*2 . » 13 

• 
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9 C 4 C 2  I n  o t  I  - 3 * * 1  3  = >  b r  t  £ *  1 :  *  1 .  #  1 3  

9 C 4 C 3  t l e £ ~  » -  l » * 1 1  = »  b  l e t * ] : *  I . * 1 : * I , • I I  

9 C 4 C 4  £  I t  I -  • -  1 »  *  I  3  = >  b g e £ * l i * I . * l = * 2 , « 1 3  

9 C 4 C 5  £ « q £ - . - 3 » * 1 3  = >  b n  e l  *  I : »  I  •  *  I  5  *  2  *  *  I J  

9 C 4 C 6  I  g e l -  * - 3 .  « J  I  = >  b  I t  I  *  U *  I  *  *  I  2 * 2  .  »  I  J  

9 C 4 C 7  £ g t £ - » -  3 » # l  3  = >  b l  e £  *  J  :  *  1  ,  *  I  :  *  2  .  «  1  3  

9 C 4 C 8  t n e l -  • -  1 «  *  1  3  = >  b  e g  I *  I  :  *  J  .  *  1  =  * 2  . »  1  3  

9 C 4 C 9  C - p o s  I  -  3 «  v  I  3  = >  b n  e g £  * 1  : * 1 • *  1  J  

9 C 4 C 1 0  £ n e g  I -  3 * *  I  3  = >  b p o s C  *  1  s *  I  •  »  I  J  

9 C 4 C 1 1  £  c t »  £  -  •  -  3 » #  I  3  = >  b n c b £ * ' l 2 * l . * l s * 2 . » M  

9 C 4 C I 2  £ n c b  £ - . - ] . *  I  3  = »  b e n t * I  s  *  1  , » i s  * 2 . « l  l  

9 C 4 C J 3  t i n t  £ - . - , - 3 . *  1 1  = >  b i n  t  f  £  *  1  s  *  1  .  *  1  s  * 2 .  * >  =  * 3  , *  I  3  

9 C 4 C I 4  £ - .  *  I  3  = >  ( t r y  b  £ * 1  3  "  s  k b  = -  1  i  b r u  * * 2 i "  /  l o a d a i t * 1 3  
"  s k e  = 0 ;  b r u  * + 2 ; " >  b r u £ * l l .  

: 9 C 4 D  b  I t  £ - . - . *  1  3  = >  <  

9 C 4 D I  t o k e n  £ * 1 3  l o a d a £ * 2 1  o p e r t  " s k e " . * l  3  o p e r l "  s k g "  . *  I  1  /  

9 C 4 D 2  u o r k f * 1 3  l o a d a £ * 2 3  « r k l £ " s k e " 3  u r k 2 I " s k g " 3  "  b r u  
* • 2  ;  "  » i  b r u t  *  1  3  i  

9 C 4 E  b l e l - , - .  *  1  J  = >  (  

9 C 4 E  I  t o k e n £ * 2 3  l o a d a t  *  I  3  o p  e r  £  " s k g "  .  *  2  3  /  

9 C 4 E 2  t  o k  e n  £  *  I  3  i o a d a £ * 2 3  o p e r l  " s  k g  "  .  *  1  3  ~  b r u  * * 2 " \  /  

9 C 4 E 3  w o r k £ * 2 3  l o a d a £ * I 3  u r k 2 £  " s k g " 3  )  b r u £ * 1 3 ;  

9 C 4 F  b  e q £ - » - . *  1  3  = >  (  

9 C 4 F 1  t o k e n t * 2 3  l o a d a t *  1 3  o p e n  I  " s  k e  "  .  *  2  3  /  

9 C 4 F 2  t o k e r r £ * 1 3  l o a d a t  * 2 3  o p  e r  £  " s k e "  . *  1  3  /  

9 C 4 F 3  w o r k £ * 2 1  l o a d a £ * 1 3  w r k 2 £ " s k e " 3 )  "  b r u  * + 2 ; "  b r u £ » I J ;  
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9 C 4 G  b g e £ - , - , # | J  = >  (  

9 C 4 G I  t o k e n  l o a d a £ # 2 3  o p e r t " s k e " , *  1 3  o p e r l  "  s k g "  •  *  J  ]  i  

9 C 4 G 2  u o r i c  £ * 1 3  l o a d a ! * 2 3  a r k  1 E " s k e " J  w r k 2 £ - s k g - J >  b r u £ « J J ;  

9 C 4 H  b n e £ - « - » # J 3  = >  {  

9 C 4 H 1  t o k e n  1 * 2  J  l o a d a £ * 1 3  o p e r  £ * 2 3  J 

9 C 4 H 2  t  o k  e n  £  *  I  3  l o a d a £ * 2 J  o p e r E  " s k e " ,  *  J  3  /  

9 C 4 H 3  w o r k £ * 2 3  l o a d a £ » 1 3  u r k 2 £ - s k e " J >  b r u £ * J 3 ;  

9 C 4 I  b p o s E - , *  1  3  = >  

9 C 4 I 1  t  o k  e n  £  *  1  3  o p e r £ " s k n " , *  1  3  b r u £ # l ]  /  

9 C 4 I 2  ( t  r y  b  £  *  1  J  M  s k b  =  4 C 0 0 0 0 0 0 b ;  b r u  *  +  2 ; "  /  

9 C 4 I 3  i  o a d a  £  *  J  ]  "  s k a  =  4 0 0 0 0 0 0 0 b ;  b r u  * * 2 ; - >  b r u £ * l ] ;  

9 C 4 J  b n e g £ - , » J ]  = >  

9 C 4 J J  t  o k  e n  £  *  3  3  o p e r t  " s  k n "  ,  »  J  3  "  b r u  * * 2 i "  b r u £ # l j  /  

9 C 4 J 2  ( t  r y  b  !  *  1  3  " s k b  = 4 0 Q 0 0 0 0 0 b ; "  /  

9 C 4 J 3  i  o a d a  £  *  3  3  "  s k a  = 4  0 0 0 0 0 0 0 b ;  "  )  b r u £ * l l ;  

9 C 4 K  b c b l - , - , #  I  J  = »  (  

9 C 4 K  I  t o k e n !  * 3  3  (  

9 C 4 K I  A  t  r  y  b £  *  2  3  o p e r £  " s k b "  , *  1 ]  /  

9 C 4 K J 8  1  o a d a !  * 2  3  o p  e r  £ "  s k  a "  »  *  I  3  )  j  

9 C 4 K 2  t  o k e n  £  * 2 3  (  

9 C 4 K 2 A  t  r y  b £  *  I  3  o p e r £ " s k b " , *  2 3  /  

9 C 4 K 2 i B  l o a d ! *  I ]  o p e r  £ " s k a " . * 2 3  /  

9 C 4 K 3  w o r k !  * 1 1  i o a d a £ * 2  3  u r k 2 £ " s k a " 3 )  b r u £ * l I ;  

; 9 C 4 L  b n c b f - * - * - ,  *  I  ]  = >  (  

9 C 4 L  1  t  o k e n  £  *  i  3  (  
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9C4L1A tryb£*23 oper t "s kb " * * 11 / 

9C4L1B 1 oada £ • 2 3 operl "ska " • * J I) J 

9C4L2 tokert £ • 2 3 < 

9C4L2A t ryb£• I 3 op er I "skb " . * 21 I 

9C4L2B 1oadl *i1 operI"ska".* 21 / 

9C4L3 uork-E* 13 loada£*21 urk2I"ska"3) " oru *+2i m  bru£«A3i 

9C4M bintl-,-.-.*11 => skg skg Dru » + 2 bru true 

9C4N bintf 1 => skg skg bru false 

9C5 Xexpressi on evaluation! 

9C5A comop£-«—»-1 => 

9C5A1 t ok en 1*21 loada£»13 operI*3,»JJ / 

9CSA2 token £ * 3 J loada£»2J oper£»3,*!3 / 

9C5A3 work 1*11 loada£»23 urk2t*3Ii 

;9C5.B addlminusl-Jt-J => subl»2 .* I S» I 3 

9C5BI £-•-! = » conopl*1»#2."add"1 

:9C5C mrgt-.-J = > comop £ * I • »2 »" mr g" J; 

;9C50 etr£-»-l = > comopl *1 • *2» "etr J; 

9C5E eorl-.-J => comop £ » 1 « *2 • " eo r" li 

;9C5f subt-.-l => 

9C5FI token £ *21 loada£*IJ oper£"sub "•* 23 • 

9C5F2 t ok en £ * 1 1 ( Lei 

9C5F2A tryb£*21 " cbai cnai" / 

9C5F 2B 1 oa da £* 2 3 " cnai") op er £ " ad d" . * II / 

9C5F3 work £ * 2 I ioada£*13 urk2E"sub"3i 

9C5G minus£con£ - 11 = > £ 
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9 C 5 G J  t o k e n ! *  J  J  o p  e r  t "  I  d a "  •  *  i  I  /  

9 C 5 G 2  t r y b l *  I  1  "  c b a ; "  /  

9 C 5 G 3  i  o a d a  £ *  1  3  >  "  c n a *  \  ;  

9 C 5 H  d i v i d £ - » - 3  = »  

9 C 5 H 1  t o k e n  £ * 2 J  l o a d a £ » l ]  "  r s h  2 3 ; "  o p e r £ * 2 J  /  

9 C 5 H 2  u o r k £ * 2 J  l o a d a £ * i J  "  r s h  2 3 i "  w r k 2 I " c i y " l ;  

9C5I try blHiti 111-« - ] J => 

9 C 5 I 1  (  

9 C 5 I  J . A  t o k e n £ * J : * 2 3  i o a d a £ * l : * M  o p e r [  " a u l  " »  *  I  :*2 1  /  

9 C S I I B  t o k e n ! » l  : » l 3  1  o a  d a  £  *  > J  :  *  2  J  o p e r C " a u l " • *  1  I *  1  I  /  

9 C 5 I J C  u o r k t » l : * ] J  l  o a d a £  *  1 : *  2  ]  w r k 2 1  " m i l l  " I >  "  r s h  

9 C 5 I 2  I r e m I - . - ] ]  =  >  d i v i d £ * l : * l « * l £ » 2 ]  

9 C 5 I 3  I t o r e g f l l  = >  . e m p t y ;  

9 C 5 J  m u l t  /  = »  e r r ;  

: 9 C 5 K  r e m  /  = >  e r r ;  

9 C 5 L  a n d  /  = »  e r r i  

9 C 5 M  o r  /  = >  e r r ;  

9 C 5 N  n o t /  = »  e r r ;  

9 C 5 0  p o s  /  = >  e r r ;  

• 9 C 5 P  n e g  /  = >  ' e r r i  

9C5Q s k i p  /  = >  e r ;  

9 C 5 R  I t  /  = >  e r r ;  

9 C S S  l e  /  - »  e r r i  

9 C 5 T  e q  /  = >  e r r ;  

9C5U ne / =» err; 
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9 C 5 W  g e  /  = »  e r r ;  

9 C 5 W  g t  /  = >  e r r ;  

9 C 5 X  c b  /  = »  e r r  

9 C 5 Y  n e b /  - >  e r r ;  

9C6 2 a an b register loading % 

9C6A 1 od da I a re gl J => . enpt y 

9 C 6 A 1  t x r e g t  ]  ]  = >  " c x a "  

9 C 6 A 2  £ - ]  = >  {  

9 C 6 A 2 A  t  o k  e n  £  *  I  J  o p e r  £  "  1  d a "  .  •  1  J  /  

9 C 6 A 2 8  t r y < & £ *  I  ]  " c o a " \  /  * 1 ;  

9 C 6 B  1 o a d b l a r e g £ ] ]  =  >  " c b a "  

9 C 6 8 1  £ x r e g £ J J  = >  " c x b "  

9 C 6 8 2  I £ b r e g £ ] J  - >  . e m p t y  

9 C 6 B 3  l - J  = >  (  

9C6B1A t ok en £ » I ] op er £" Idb" .* 1 3 / 

9 C 6 8 3 8  t  r y b f * 1 3  /  

9C6B3C ioadaOIJ "cba"V); 
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1966J.  r  ormal Defini t ion.  Comm. ACM ( Jan u a r y -February 
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/ R E W R I  »  0  9 / 2 6 / 6 8  0 8 ) 5 1 : 1 8  J F R  ;  

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

I A  I > .  e  T r e e  i M c t a .  M O L ,  a n d  S P L  c o m p i l e r s  a r e  i n  n e e d  o f  . m a n y  
c h a n g e s .  T h i s  n e m o  c i s c u s s e s  t h e  p r o b l e m s  w i t h  t h e  c o m p i l e r s  i n  
t h e i r  c c r r  e n  t  s t l t e  a n d ,  o f f e r s  a  u n i f i e d  s o i u t i o r .  

I B  W e  I f e l l  t h a t  a  t o t a l  p l a n n e d  r e w r i t e  o f  a l l  t h r e e  c o m p i l e r s  o f f e r s  
t h e  a j ; s t  e c o n o m i c a l  l o n g  t e r m  s o l u t i o n .  E v e o t i a K /  a l l  t h e  t h i n g s  
l i s t e c  o e  1  o y  m u s t  b e  d o n e .  I f  t h e y  c a n  b e  a c c c m p o l s h e d  w i t h  s o m e  
s i  m u  1  t i a r e n  t y  .  a l l  c h a n g e s  c a n  b e  a c c o m o d a t e d  o n  t h e  f i r s t  p a s s ,  l e s s  
t i m e  I U  i l  1  b e  w a s t e d ,  a n d  t h e  b e n i f i t s  o f  t h e  r e w r i t e  w i l t  b e  
a v a i l a : b l e  s o o n e r .  

2  C u r r e n t )  F r o d l e m s  i a r d  P r o p o s e d  S o l u t i o n s  

2 A  M Q L i  t u g s  

2 4 J ,  T h e  m o s t  s t r a i g h t  f o r w a r d  p r o b l e m s  a r e  t i n e  b u g s  i n  t h e  0 L .  
N o n e  o f  t h e s e  a r e  t i o c  s e r i o u s  f o r  t h e  c e m e n t  P O L  u s e .  W e  a i l  
j u s t  a v o i d  u s i n g ;  t h e  s y n t a t i c  p h r a s e s  t h a t  c a u s e  t h e  p r o b  e m s .  
T h i s  d o e s  m e a n ,  h o w e v e r ,  t h a t  t h e  c o d e  w e  w r i t e , d e e s  n o t  a l w a y s  
r e f l l e c t  t h e  l o r i g i r a l ,  n o t u r a l  c o n c e p t i o n .  T h e  r a r i t y  o f  t h i s  
c e r t a i n t l y  d o e s  n o t  w a r r e n t  a  c o m p l e t e  r e w r i t e  o f  t h e  ! i O L ,  M o s t  o f  
t ; h e i  t u g s  c o u l d  b e  f i x e d  b y  a  c o u p l e  o f  w e e k s  w o r k  o n  t h e  c u r r e n t  
v  e r i s  i o n  .  

2 A 2 i  1  m o r e  s e t r i o u s  p r o b l e m  w i t h  t h e  M O L  i s  t h e  8 C  c h a r a c t e r  l i n e  
o r e . n t  i t a t  i o n  o f  t h e  i n p u t  r o u t i n e s .  T h e s e  p r o g r a m s  r e l y  o n  t h e  
f o r m a t  o f  Q E D  l i n e s ,  t h u s  c o d e  t h a t  e x i s t s i  i n  N L S  f o r m a t  m u s t  b e  
m a c e  t o  l o o k  t  l i k e  ' Q E D  f o r m a t  b e f o r e  c o m p i l a t i o n .  T h i s  l i m i t s  t h e  
l e n g t h  o f  N L S  s t a t e m e n t s  c o n t a i n i n g  M O L  c o d e ,  a n d  j u s t  m a k e  
e v e r y t h i n g  k l l u e d g y  

2 B  S y m t b c l  p r o b l e m  

2811 f tLS has igrow tc  such porpotions that  i t  nearly overflows the 
s y m b o l  t a b l e s i  c f  t h e  T S S  s u b s y s t e m s  u s e d  t o  a s s e m b l e ,  l o a d ,  a n d  
d e b u g  i t .  A i l r t a d y  i t  i s  t o o  l a r g e  t o  u s e  N A R P  a n c  D D T ,  w e  m u s t  
u s e »  £ R P A S  a n d  C D D T  .  

262 If  an aedit i 've assembler  were added to TM, and MOL were 
r e w r i t t e n  u t s i n g  i t f e  b u i l t i n  a s s e m b l e r ,  t h i s  p r o b l e m  w o u l d  
c o n r . p  ] e  t  e  1  y  d i s a p p e a r .  T h e  a d d i t i v e  a s s e m b l e r  w o u  _ d  a v o i d  t h e  
s y m b o l i c  d e f i n i t i o n  o f  t h e  m a n y  t h o u s a n d  g e n e r a t e d  s y m b o l s  t h a t  
M O L  c u r r e n t l y ,  p r o d u c e s .  T h e  o n l y  s y m b o l s  i d e f i n e d  a t  l o a d  > i r o e  
w o  u r i c  b e  t h o l s e  s p e c i f i c a l l y  d e f i n e d  i n  t h e  M O L  c o d e .  T h i s  w o u l d  
r e o u c e  t h e  t o t a l  n u m b e r  f r o m  a b o u t  3 0 0 0  t o  a  f e w  h u n d r e d .  

2133' kE would: cesign the additive assembler so that the files it 
p r o  d u c e s  w o u l d  b e  N A R P - D D T  c o m p a t i a b l e .  T i h i s  w o u l d  m e a n  t h a t  w e  
c o u r l c  u s e  t h e  r e w  D D T  a n d  i t s  i m p r o v e d  d e b u g g i n g  f e a t u r e s .  

2C SYsltcm load 
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d ^ t l r c J n t a l l i  n C t w o h w 6 y s a S S i r i k i l i s L S L h U r r e n t l > '  P U t S  L  h c  T S S  i s  

Tl be i gn ̂  °id "  ^  ̂ "^3 aZV.To 
l U t l c  a f r a i d  t T d o  a s s e r a b i l e  s ^ a n i  ™ t h u s  L  s i  P r o g r a m m e r s  a  

d e c  u c g i n g .  r . h j s  l a s t  p r o b l e m  i s  f e l t  i s  *  ? !  s y s t e m  d e s i g n  a n d  

2 C 2 .  T h e  p r e s e n t  w a y  
a l l .  t h e  f i  l e s  ,  t h e n  
l o n l g e r  t o  a s s e m b l e  a  

alsem??" , b/hn9  Lhe  sys t e ra  i s  to  first compile a s s e m b l e  t h e m ,  a n  f i n a l l y  l o a d  t h e m .  I t  l a k e s  
r i d  o f  t h e  a s s  e m  b  l y  1  1  p  n a s e  "  L o  u l T  ̂  ̂  C ™ P U e  9 e t t i n g  

Maneov er, the compilers currently sp^^^th^^i; 
P h a s e s ,  c u t t i n g  , t t e  t i m e  a g a i n  i n  h a l f .  
a o i e  r o u t i n e  w a s t e  c c n i d e r a b l e  t i m e  i n  

p a r t i a l l y  i m p l e m e n t e d  a  h a s h  t a b l e  i n  t h e  
d r o p e d  o y  1 / 4  f o r  l a r g e  c o m p i l a t i o n s ,  

a s s e m b l y  t i m e  w o u l d  d r o p  b y  a  f a c t o r  o f  

i n  i t h e  s y m b o l i c  o u . t p u t  
a n d  f i n a l l y  t h e  s y m b o l  
I  o n  g  c o m p  i  l a t i i  e n s  .  W e  
K U L  « n d  c o m p i l a t i o n ;  t i m e  
A l l .  t h i s  m e a n s  t h a t  t o t a l  
5 a-nc maybe elven 10 .  

w o u l r 1 ^  a a j ' ° r  e f , f c r t  f o r  t h *  c o n v e r s i o n  t o  o e  d o n e  o n c e ,  i n  T M .  T h e  s y n t a x  f r r  
o u t  p u t  w o u l d  .  c l o s e  l y  r e s e m b l e  t h e  c u r r e n t  

a c d i i t i v e  a s s e i r o  l e r s  
a d d i t i v e  a s s e m o l y  

s y n t a x  f o r  s y m b o l i c  

2D Csoherent package wiith NLS 

" " ' " J "  ™ a r d t , U ' i s  ^ e i r n k , u l d 9 x U ^ n t e ° L c ' r u i i r P N L s r S  T h  

ĉ;sSf a"d f the ̂, o r  f i i e  o f  t h e  

21)2 I f 
f  i  I  e s  f o r  
cot:11 be a 
c o i r n p  i  l a  t  i  o n  

t h ?  < M ° !  i r d  t h ?  S P L S  " e r e  ° ° t h  u , r i t t e n  i n  ™ ,  t h e  c o d e  
s t n c l e f i l e ^ t h e  n " "  * •  =  -  o v e " a  l l e *  t h e  1  n a r > '  w o u l d  o e  t h e  r e s u l t  o f  a  s i n g l e  

2 C 2 A  T h i s  w o u l d  s i m p l i f y  s y s t e m  a s s e m b l y  a s  w e l l  a c t  c o  h  •  

•  " l e s  W o e S u r d R A b e S P : ? n e e r H a ° t U e d d . b e  ^ w e T  s^Zn  J  Tn ,  
w o u l d  h a v e ,  t o  b e  s a v e d  o n  t h m  d i s c .  m a r y  l  l e  

2C28 Also, ty ha.ving the files more closely 
f u n c t i o n  I b c t t e r  u s a g e  
c o m m a n d s  .  c o u l d  o e  m a d e  r e l a t e d  t o  

o f  t h e  N L S  
p r o g r a  m  
1  i  n k  a  g  e  

2 E  P o w i e r f u l  s y n t i a *  i n  M C L  

2 1  1  A  n u m b e r  o f  n e w  f p s t  n r o c  u  i  i  i  u  
Thcisc are discussed, in more dea U T Li?w un^ ° ML M°L *>"***• 
ben;i fa t  of itfe featured Jc ^ uncer flUL. The mair 
l a n g u a g e  c l o s e r  t o  t h e  1  n t  e n  1 1  o n s  " o f  " l  h e  c o d d e T *  r h T ' c  
c h a n g e  a n y t h i n g  i n  d r a s t i c  w a y s ,  i t  j u s t  r a t e s  ' l i f e  a  " i U e  

2 



b * t i t e r  w h e n  s o m e o n e  i s  t r y i n g  t o  f i g u r e  o u t  w h i t  a  P i e c e  o f  c o d e  
i s  " s u p p o s e d "  t o  d o .  

2 F  M o r e  D e n s e  S P L  c o d e  

2 f J »  t y  r e w r  i t i i r g  t h e  S P L s  a n d  u s i n g  t h e  f e a t u r e s  o f  i M ,  w e  f e e l  
t h a t  a b o u t  a  2 0 %  r e d u c t i o n  c o u l d  b e  m a d e  i n  t h e  a m o u n t  o  
i n s t  t r u e  t  i o n s  , c c » P i l e o .  T h i s  d o e s  n o t  a f f e c t  « .  i s  a  o , 9  w a y .  o u t  
i t  i w c u i d  g i v e s  u s  a :  l i t t l e  m o r e  r o o m  f o r  e x p a n s i o n  i n  s o m e  c f  
o v e : r  l a y  p a g e s  t h a t  a r e  c u r r e n t l y  o v e r  9 0 %  f u l l .  

2 G  P r a i t i c e  w h a t  l u e  p r e a c h  

2 G 1  C o n v e r t i n c  t h e  c o d e  f i l e s  t o  N L S ,  a n d  r e t a i n i n g  t h e  c u r r e n t  
c o n i p i l e r  s , s t  . . s  i s  c o i n s  o n l y  h a l f  a  J o b .  T h e  l i s t  „ , s  w o u l d  n o  
d i s a p p e a r ,  a n d  t h e  . " l a r g e r  N L S  e x p e r i m e n t  w i l l  r o t  b e  d o n ® -
r e p l a c e  t h e i l i s t i r g s  t h e  c o d e  f i l e s  m u s t  b e  c o n e r e n t l y  o r g a . u z e  
a n 0 1  e a s i l y  a c c e s s ! , . t i e .  F o r  f i l e s  w r i t t e n  i n  t o  " a y  a e a n  
e  * p i  e r m i  e n  t  i  n g  w i t h  s y n t a t  i c  c h a n g e s ,  a n d  t . h i s  i s  o n l y  p r a t i c a i  
t h e y  a r e  w r i t l t e n  i n .  T M .  

2 G 2  E v e n t u a l l y  w e  w o u l d  l i k e  t o  w o r k  o u t  a  m e t h o d  o f  c o m p i l a t i o n  
t h a t  s u b s t i t u t e d  t h e  t r e e  s t r u c t u r e  o n  N L S  ^ J c s  f o r  c h e  P  . r a s e  
t r u . c t u r e  o f  i t  h e  M O L . a n d  S P L .  T h i s  i s  v i r t u a l l y  i m p o s s i b l e  u n l e s s  
t h e  f O L  i s  i n  1 M  a n d . t h e  c h a n g e s  c a n  b e  d o n e  i n  o n e  c e n t r a l  p l a c e ,  
n a m e l y  t h e  T M  l i b r a r y ,  f o r  a l l  t h e  e x p r e i m e n t a l  c o m p i l e s .  

2 £ 3  T h e r e  i s  t h e .  v a g u e  i l l u s i v e  n o t i o n  o f  s t a y i n g  o n  t o p  o f  t h e  
d e s i g n  p r o b l e m .  T h e  c o d e  f i l e s  a r e  b e c o m i n g  c u m b e r s o m e  t o  w o r k  
w i t  h  i n  t h e i r ,  c u r r e n t  f o r m .  J u s t  m o v i n g  . t h e m  t o  N L S  w o u l d  n o t  
h e l p  m u c h .  1  I f  h o w e v e r ,  t h e  s y n t a x  o f  t h e  i a r g u a g e s  w e r e  m o r e  
s t i l t e d  t o  N L S :  l i n k a g e  c o n v e n t i o n s ,  a n d  t h e  t h a t "  t h e  
b e t l t e r  s t r u c t u r e d  w e  m a y  a g a i n  r e a c h  a  p o i n t  o f  f e e l i n g  t h a t  t h e  
s t r u c t u r e  i s  w e l l  . u r d e r s t o o d ,  a n d  t h e  e f f e c t  o f  c h a n g e s ,  i n  c o d e  
c a m  t e  p r o p e r l y  p e n d i c t e d .  

2 G 4  W e  f i n a l l y  h a . v e  f i g u r e d  o u t  a  w a y  o  f  w r i t i n g  t h e  p a r s e  a n d  
u n p i a r s e  r u l e s :  f o r  t . h e  M O L  c o m p i l e r  i n  T M  a n d  n o t  o v e r f l o w i n g  t h e  
p u s h  d o w n  s t a c k s  d u i r i n g  c o m p i l a t i o n .  N o w  t h a t  w e  h a v e  a  s o  u  
i t  i w c u  1  d  b e  s a t i s f y i n g  t o  g e t  e v e r y t h i n g  

3  P r o p o s e d  c h a n g e s  

3 A  T r e  e  M e t a  

3 A  1 >  A d d i t i v e  A s s e m b l e r  

I 3 A I A  T h i s  i s .  o n e  o f  t h e  m a j o r  p r o j e c t s ,  i n  t e r m s  o f  r a d i c a l  
i c h a n g e s  t o  t h e  e x i s t i n g  T M  s y s t e m .  T M  w o e  i d  b e  e n  

. p e r m i t  e i i t f e r  s y m b o l i c  o r  b i n a r y  o u t p u t  f r o m  « ,  c o m p i l a t i o n .  
, T h e  b i n a r y ,  c u t p u t . w o u l d  b e  f o r m e d  b y  m a k i r g  u p  w o r d s  f o r  a  s o r t  
> o f  b a c k h a i f  p r o c e s s o r  t h a t  p u t s  t h e  w o r d s  i n  t n e  p e r c i s e  f o r m  
. n e c e s s a r y  f o r  D D T .  L i n k a g e  f o r  u n d e f i n e d  l a b e l s  a n d  p a c k i n g  
u r d e f i n e d  i p c l i s h i  e x p r e s s i o n s  w o u l d  b e  a u t o m a t i c a l l y  h a n c e l e d  y  i  

i t  h e  b a c k h * i f  

3 



3A2: Symbol Table 

< 3 / ? 2 A  T h e  i  r e w  s y m b o l  t a b l e  w i l l  u s e  h a s h  e n t r y  i n s t e a d  o f  t h e  
c u r r e n t  s e i a r c h  t e c h n i q u e .  i n  c o n j u n c t i o n  k i t h  t h e  a d d i t i v e  
a s s e m b l e r ,  i t  . w i l l  o e  e x p a n d e d  t o  i n c l u d e  d e c l a r a t i o n  f l a g s ,  
a r r a y  s i z e  p a r a m e t e r s ,  a n d  d e f i n i t i o n  b i t s .  

•  3 A 2 8  J h e  n e t ,  t a b l e  w o u l d  a l s o  r e s e r v e  b i t s  f o r  c o m p i l e  t i m e  
a t t r i b u t e  f l a g s .  T h i s  w o u l d  p e r m i t  a  T  M  c o m p i l e r  t o  c h e c k  
i d e c l a r  a t i o n s  a n d  g i v e  a p p r o p i a t e  d  i a g n o s « t  i c s  .  

3A3, Easic recognizers 

) 3 / 3 A  1  h e  o a s i c  r e c o g n i z e r s  w i l l  b e  c h a n g e c  t o  d e l e t e  b l a n k s  
•  a  f t  e r  r e c o c n i t i i o r  i n s t e a d  o f  b e f o r e .  T h i s  w i l l  r e d u c e  t h e  
•  i n i t i a l  r e c o g n i z e r  t e s t ,  a n d  t h u s  t h e  t i r r e  f o r  a  f a i l u r e ,  t o  
H e s s  t h a n  5  f r o m  t h e  c u r r e n t  2 5 .  T h e s e  f a i l u r e s  r e p r e s e n t  
l a t o u t  2 0 %  . o f  t h e i  r u n t i m e  f o r  a  c o m p i l a t i o n .  

31138 i he TS T {, literal string test) recognizer will be further 
i m p r o v e d  s o  t h a t  a  f a i l u r e  w i l l  a v e r a g e  o r i y  s i l g h t l y  m o r e  t h a m  
3  i n s t r u c t i o n s .  .  t h i s  r e c o g n i z e r  r e p r e s e n t s  a b o u t  8 0 2  o f  t h e  

•  t o t a l  r e c o g n i z e r s  e x e c u t e d .  M o r e o v e r  i t s  f a i l u r e  t o  s u c c e s s  
r a t i o  i s  a i b c u t  2  0  t o  I .  

3A4 Ls e of Ski if return 

• 3MA A new convention will be established for all the 
' r e c o g n i z e e s  a n d  r e c u r s i v e  r u l e s .  T h e  r e t u r n  w i l l  s k i p  i f  t h e  
s u b r o u t i n e  w a s  s u c c e s s f u l  a n d  n o t  s k i p  i f  i t  f a i l e c .  T h i s  

l m t a n s  t h a t  t h e  c u r r e n t  b r a n c h  f a l s e  i n s t r u c t i o n  c a n  b e  d o n e  
i  M  i s i t J e  s h o r t e s t  a n d  y e t  m o s t  f r e q u e n t l y  e x e c u t e d  

• pep in the TM system. It accounts for about 35% of the P O P S  
•  e x e c u t e d .  

3A5i int er face to NL S 

I 3 J 5 A  O n c e  T M  h a s  b e e n  i n t e r f a c e d  t o  N L S ,  a l l  t h e  o t h e r  
• c o m p i l e r s  i s h o u l d ,  i n t e r f a c e  a u t o m a t i c a l 1 y .  I t  i s  h a r d  t o  g u e s s  
•  l o n g  i t  w i l l  t a k e  t o  d o  t h e  j o b  f o r  w e  d c  n o t  y e t  k n o w  w h a t  w e  
w a n t  t o  d o  .  

• 3A5B One sucgess.tion is to add to NLS the ability to store a 
•  l i s t  o f  t - p o  i n  t e r s  ,  w h i c h  a r e  t h e  r e s u l t  o f  a  c o m p i l a t i o n .  

i l s t  c o u l d ,  b e  k e p t  b e  N L S  w i t h  t h e  f i l e  u n t i l  a n o t h e r  
• p r o c e s s  i s  p r e f o r m e d  o n  t h e  f i l e .  T h e  c t a t e m e n t s  o n  t h e  l i s t  
w o u l d  b e  d i s p i a y e c  u n d e r  a  n e w  v i e w - s p e c  p a r a m e t e r .  

38 MAI 

3811 Rewrite in T r e e  P e t  a  

!  e  e n t i r e  m G L  w i l l  b e  w r i t t e n  i n  t l h e  n e w  T M  l a r g u a g e  
u s i n g  t h e  a c d i t i i v e  a s s e m b l e r .  T h i s  p r o j e c t  i s  m o s t l y  d o n e -  W e  
h a v e  a  v e r s i o n  o f  t h e  M Q L  w r i t t e n  i n  a n  e x t e n d e d  T M  l a n g u a g e  
u s i n g  s y m b o l i c  o u t p u t .  T h e  c o d e  i s  a l m o s t  c o m p l e t e  a n d  w e  d o  
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m e t  a n t i c i p a t e  l a r y  n e w  p r o b l e m s -  O f  c o r s e  t i e  c o m p i l e r  c a n n o t  
l b e  c h e c k e d )  c u t  w . i f c h o u t  a  n e w  T H  b e c a u s e  i t  n e e c s  f e a t u r e s  i n  
i t f e  m e t a l a n g u a g e  n o t  c u r r e n t  l y  i n  T H .  

3 8 2 1  h e w  f e a t u l r e s  

•  3 E 2 A  T h e  I n e w  M o l > w i l l  h a v e  m a n y  a d d i t i o n a l  f e a t u r e s .  N o n e  o f  
i t f e m  a r e  e x p e n s i v e  i n  t e r m s  o f  e f f o r t  o r  c o m p i l e  t i m e .  I  h e  y  
i c c m e  m o s t l y  f o r  f r e e  w i t h  t h e  u s e  o f  T M  f o r  c o m p i l i n g .  

•  3 E 2 8  T h e  i  r e w  i c o m p i l e r  w i l l  a l l o w  a n  i e x p r e s s i o n  t o  o e  a  
. s t a t e m e n t .  T h i s  w i l l  h e l p  b y  c l e a r i n g  I P  t h e  m e a n i n g  o f  m a n y  
. l i n e s  o f  c u r r e n t  c o d e ,  w h e n  a n  e x p r e s s i o n  i s  f o r c e d  i n t o  a n  
a s s i g n  s t a l t e m e n t :  e v e n  t h o u g h  t h a t  i s  n o t .  t h e  i n t e n t i o n  o f  t h e  

i w r i  t e r  .  

. 3 E 2 C  T h e  s t o r e  o p e a t o r ,  c u r r e n t l y  a v a i l a b l e  o n l y  t h r o u g h  t h e  
a s s i g n  s t a l t e m e n t  ,  . w i l l  b e  p u t  i n  a s  t h e  l o w e s t  l e v e l  b i n d i n g  

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

i a r d  c l a r  i t y .  

•  3 E 2 D  P o s s i i t l e  a d d r e s s e s  w i l l  b e  e x p a n d e d  f r o m  t h e  c u r r e n t l y  
i r e s t i r c e d  i s e t  t o  a n y  e x p r e s s i o n .  T h i s  w a s  a l w a y s  w a n t e d ,  e v e n  
i i r  t h e  o r i g i n a l  M C L  s p e c i f i c a t i o n ,  b u t  w a s  t o o  d i f f i c u l t  t o  a d d  
, t c  t h e  o r  i t  g i n  a  I  I v e r s i o n .  T h e  p o w e r  o f  T M  t o  d o  i t s  t o p - d o w n  
; t r e e  s e a n c f  m e a n s  t h a t  t h e  m o r e  v e r s i t i e  s y n t a x  c a n  b e  a d d e d  
a n d  t i g h t  c e d e  c a r  s t i l l  b e  p r o d u c e d  f o r  t h e  s i m p l e  c a s e s ,  j u s t  
a s  i t  i s  n o w .  

. 3 E 2 E  T h e  d o u b l e  b r a n c h  c u r r e n t l y  c o m p i l e d  a t  t h e  e n d  o f  l o g i c a l  
e x p r e s s i o n s  w i l l  d i s a p p e a r .  T h i s  c a n .  b e  s i m p l y  w i t h  t h e  

m r p a r s e  r : u l e s  i i r  T M ,  i t  w o u l d  h a v e  I b c e n  c i h f i c u l t  w i t h  t h e  
c u r r e n t  M O  L .  

•  3 E 2 F  W e  p l a n  t o ,  i n t r o d u c e  a  n e w  c a s e  s t t e m e n t .  i t  w i l l  d o  a  
t s i n g l e  c a s e  b a s e d  o r  a  l o g i c a l  e x p r e s s i o n  a t  t h e  s t a r t  o f  t h e  
c a s e  r a t h e r  t h a n  a  p r e d e t e r m i n e d  n u m b e r .  

•  3 E 2 G  S y n t a x  w i i  1  b e  a d d e d  t o  s i m p l i f y  t h e  U s e  o f  t h e  b r x ,  s k r  •  
x i a ,  a n d  i t f e  r e g i s t e r  e x c h a n g e  i n s t r u c t i o n s .  T h i s  w i l l  m a k e  
a l l  t h e  9  4 C  i n s t r u c t i o n  a v a i l a b l e  d i r e c t l y  i n  t h e  M  O L  e x c e p t  

i  t f  o s  e  c o n c i  e r n e  d  i w i t h  f l o a t i n g  p o i n t  e x p o  n e  n  t  s .  

3 8 3  I s e  o f  A d i d i i v e  A s s e m b l e r  

3 E 3 A  W h e n  i t f e  M O  L  i s  w r i t t e n  u s i n g  t h e  a d d i t i v e  a s s e m b l e r  a l l  
. t h e  m a n y  ( g e n e r a t e d  l a b e l s  w i l l  j u s t  n o t  a p e a r  i n  t h e  b i n a r y  
i f i l e .  T h i *  w i l l  m e a n  t h a t  t h e  n u m b e r  o f  s y m b o l s  f o r  N L S  M i l l  
I r e d u c e  t o  a m a n g e a b l e  s i z e .  M o r e o v e r ,  o u r  c u r r e n t  k l u d e g y  w a y  
o f  u s i n g  t i h e  f r o z e n  f e a t u r e  o f  A R P A S  c a n  g i v e r  U P  c o m p l e t e l y -

3 8 4 i  c o m p l e t e  i  i r t  e  g r . a f c i  o n  i n t o  M O L R  

i 3 E 4 A  T h e  a l r e a d y :  e x i s t i n g  v e r s i o n  o f  M C L  i n  T M  i s  i n  t h e  M O L  
I m p o r t  f i l e ,  w h i i c f ,  i s  i n  N L S  f o r m a t  o n  t h e  d i s c .  ) T f i s  f i l e  





I r e p r e s e n t s  t h e  f i r s t  a t t e m p t  t o  i n t e g r a t e  t h e  a c t u a l  c o d e  f o r  a  
c o m p i l e r  i n t o  i t h e  f o r m a l  a n d  i n f o r m a l  d e s c r i p t i o n .  J h i s  
i n t e g r a t i o n  i s  o n l y  p o s s i b l e  b e c a u s e  t h e  T h  c o d e  f o r  M O L  i s  

b r e i f  e n o m g f  t o  i f i t  i n  a  f i l e  w i t h  t h e  r e p o r t .  I t  m a y  w e l  .  b e  
i t h a t  t h i s  i f i l e  ( M C L R )  c o u l d  b e  t h e  f i r s t  r e a l i s t i c  a t t e m p t  

3 i » S .  T r a n s f e r  > o f  c u r i r e n t  c o d e  t o  N L S  

3 E 5 A  W e  a l r e a d y  h a v e  a  p r o g r a m .  P A S S O .  w h i c h  r e a d s  a n  M O L  
p r o g r a m  f r o m  a  Q E D  f i l e  a n d  p r o d u c e s  a n o t h e r  Q E D  f i l e  i n  

. s t r u c t u r e d  s t a t e m e n t  f o r m .  T h e  s t r u c t u r e  i s  d e t e r m i n e d  b y  a  
I s t t  o f  r u l e s  f o r i  i n d e n t i n g  c l o s e  t o  t h e  s e t  u s e d  b y  M c k e e m a n  i n  
i h i s  u n c r u n i c h  p r o g r a m  ( c a c m  6 5 ) .  W e  h a v e  u s e d  t h i s  p r o g r a m  i n  
c o n j u n c t i o n  w i t h  t h e  i n s e r t  Q E D  b r a n c h  N L S  c o m m a n d  w i t h  

i c c m p l e t e  s u c c e s s .  i a r . d  f e e l  t h a t  t h e  i n i i t i a i  t r a n s f e r  ( s h o u l d  b e  
a  s t r a i g h t ;  f o r d w a r d  t a k s  o f  o n l y  a  f e w  d a y s .  

3 C  S P L  

3 L 1  t s e  o f  A d i d i i v e  A s s e m b l e r  

; 3 C 1 A  W h e n  i t h e  S P  L  c o m p i l e r  a n d  t h e  M O L  c o m p i l e r  a r e  i n  T M »  t h e n  
c a n  b e  r i g l g c d  t o i  o u t p u t  t o  a  c o n t i n u o u s  f i l e .  T h i s  w i l l  m e a n  
i t f a  a  s i n c l e  N L S  f i l e  c a n  c o n t a i n  c o d e i  i n  b o t h  l a n g u a g e s  a n d  
s t i l l  b e  c o m p i l e d  i n  o n e  s i m p l e  o p e r a t i o n .  

3 C Z  C l a r i t y  o f  c o d e i  i n  S P L s  

3 C 2 A  I f  t i h e  S P L >  c o m p i l e r  i s  i n  T M  t h e  p a r s e  r u l e s  w i l l  c o n t a i n  
o n l y  p a r s e  i n f o r m a t i o n  a n d  n o d e  b u i l d i r g  c i r e c t i o n s .  T h i s  
i s h o u i d  m a k e  t h e m  m u c h  m o r e  r e a d a b l e ,  a  f e a t u r e  a l w a y s  w a n t e d  b y  
i t h o s e  t h a t  t r y  t o  f i g u r e  o u t  c o m m a n d s  o f  N L S  b y  r e a d i n g  t h e  
c o d e  i n  t h e  S P L s .  

3 C 3  A  r e p o r t i  o n  t h e  S P L  i s  a b o u t  3 / 4  d o n e  ( c u r r e n t l y  a b o u t  5 0  
p a g e s ) .  W h e n  t h e  S P L  c o m p i l e r  i s  r e w r i t t e n  t h e  n e w  v e r s i o n  w o u l d  
b e  l i r t e g r a t e d i  i n t o  i t h e  r e p o r t .  T h i s  w o u l d  o e  a n o t h e r  l a r g e  s c a l e  
a t t  e o p t  t o  d o  a w a y  i w i t h  l i s t i n g  b y  o r g a n i z i n g  t h e  d o c u m e n a t i o n  a n d  
c o d e  i n t o  a n  e a s i l y  a c c e s s i a b i e  m o n o l i t h i c  s t r u c t u r e d  N L S  f  i  1 -

4  M a n p o w e r  e s t i m a t e s  

4 A  T o  r e a p  t h e  f u l l  b e n i f i t s  f r o m  t h e s e  c h a r g e s ,  a l l  t h e  p r o j e c t s  
m u s t  b e  d o n e  a s  a  w h o l e .  M O L  a n d  S P L  c a n n o t  b e  r e w r i t t e d  w i t h o u t  
r e w r i L i r  T M .  A r d  i t  c o e s  l i t t l e  g o o d  t o  o n l y  r e w r i t e  T M .  T 1  u s  *  
a l t h o u g h  t h e  e s i t a e a t e s  a r e  b r o k e n  d o w n ,  t h e  e n t i r e  p r o j e c t  m u s t  b e  
c o m p l e t e d  t o  b e  i w c r t h  i t h e  e f f o r t .  

46 T*iei estimate tc rewirite TM, and bring the report up to publisbaoie 
s t a n d a r c s  i s  2  » a i — m o n t h s .  T h e  r e p o r t .  m u c h  a s  i t  a p p e a r d  i n  t h e  
R O m e  r e p o r t  o n  t l h t  d i s c  a s  a  s i n g l e  N L S  f i l e .  T h e  r e w  T M  l i b r a r y  a n d  
c o m p i l e r  w i l l  b e  a  p a r  t  o f  t h e  .  a n d  t h e  r e p o r t  w i l l  b e  k e p t  i n  s y n c  
w i t h  t l h e  n e w  c o m i p i l e r .  M o s t  o f  t h e  2  m o n t h s  w i l l  b e  d e v o t e d  t o  t h e  
n e w  i i  i b r a r y  a n d  i t h e  a d i t i v e  a s s e m b l e r .  

4 C  < a f l t e r  t h e  I n e w  T M  i s  d o n e  t h e  M O L  s o u l d  o n l y  t a k e  a b o u t  1 . 5  m o r e  
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m a n  m o n t h s .  T h i s  i s  a g a i n  f o r  f i n i s h i n g  t h e  n e w  T M  v e r s i o n  o f  t h e  
f o r m '  - n d  ° r i , n , n g  t l h €  r e P ° r t  U P  t o  d a t e  a n d  i n  p u b l i s n i o i e  

4 D  R e w r i t i n g  t h e !  < P L  i s . t h e  s i m p i i s t  o f  t h e  t a s k s .  W e  e s t i m a t e  o n e  
m a n  m c n t h  t o  0 . 0 t h  r e c o  t h e  c o m p i l e r .  a n d  f i n i s h  t h e  S P L  r e p o r t .  

t h e U r e p c r t ? f  1  * *  t i m &  ' W l U  b < ?  S p e n t  o n  1  h e  c o ™ P i l e r  a n d  a b o u t  2 / J  o n  

4 E  1  h e i s t  e s t i m a t e s  a r e  n a d e  i n  t e r m s  o f  t i m e  s p e n t  d o i n g  t h e  w o r k  
N o r m a l  l y  w i t h i n  t h e .  c e n t e r .  t h e  p r o g r a m m e r s  s p e n d  a  g o o d  d e a l  o f  
t h e i r  . t i m e  d e b u g g i n g  N . L  S  .  w o r k i n g  o n  s p e c  i  f  i c  a  t  i  o r  s  a n d  i d e a s  f o r  n e w  
f e a t u r e s ,  a n d  g u s r e r a l i y  d o i n g  s m a l l  d e t a i l e d  t a s K s  n o t  r e a l t e o  t o  a  
s p e c i f . i c  p r o j e c t .  W i t h , t h i s  i n  m i n d ,  i t  b e c o m e s  v e r y  d i f f i c u l t  t o  
e s t i m a l t e  t h e  r e a l  t i m e  t h e s e  p r o j e c t s  w i  i  1  r e q u i r e .  

Pass4  
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META II 

A SYNTAX-ORIENTED COMPIIER WRITING LANGUAGE 

D. V. Schorre 
UCLA Computing Facility 

META II is a compiler writing language which 
coosists of syntax equations resembling Backus 
Domal form and into which instructions to output 
Msembly language cocmands are inserted. Com­
pilers hare been written in this language for 
FAI/30L I and VAIXJOL II. The former isTsWe 
sl̂ etraic language designed for the purpose of 
Illustrating META II. The latter contains a 
ftlrly large subset of ALGOL 60. 

Jhe nlft̂ °d o:f siting compilers which is 
jhren In detail in the paper may be explained 

f 0W6* Each ŝ tax equation is trans­
lated into a recursive subroutine which tests the 
input string for a particular phrase structure, 
md deletes it if found. Backup is avoided by the 
extensive use of factoring in the syntax equations 
For each source language, an interpreter is writ̂  

in SgST" ̂ COn,Plled *»*» t̂erpret-

®TA, 11 18 not intended as a standard lan-
ŝge which everyone will use to write compilers. 

«« v M eXample of 8 simple working lan­
guage which can give one a good start in design-
,a cc®Piier-writing compiler suited to his own 

' the 11 conlPiler is written 
la its own language, thus lending itself to modl-

Hlstory 

1,18 i'ssic ideas behind META II were described 
mlf Iefrc°f thre| i381®1"6 Schmidt,1 Met­
ed at the lÔ >°Nr+i aeBe Pspere were' present-
S«!L a 3 Natlonal A.C.M. Convention in 
, ®  ̂represented the activity of the Work-

ttetbo<is used by that group 
«similar to those of Glennie and Conway, but 
ilffer in one important resptect. Both of these 
reearchers expressed syntax in the form of dia-
eraos, which they subsequently coded for use on a 

lSfto'th the+°a8e °f ̂  11' lhe syntax is 
the computer in a notation resembling 

Backus normal form. The method of syntax analy-

frL̂ hCUB8e inJtU8 18 entirely different 
from the one used by Irons0 and Bastian.7 All of 

1̂ !̂ Ca° ̂  traced back to the mathemat-
Chaaskŷ 7 118111181 n̂guages, as described by 

Syntax Notation 

•eta wl n°tation used here is ei-oilar to the 
the main̂ Hff the ALGOL 60 report. Probably 
kmS? f orSvCf 18 that 11118 notation can be 
keypunched. Symbols in the target language are 

£ £Tted &u 8trlagE of ̂ racters, surrounded 
Metalinguistic variables have the 

SoSr*" ldenlmerB ** viz., a letter 
removed by a sequence of letter." o; digit?*. 

C0naecutlv8ly to indicate con-
altf™ f?5 andt,Beparated by a slash to indicit? 
" rr0n; ̂ Ch e<1Uatlon ende with a semicolon 
b̂ a rê  fô 1̂  ̂̂ t̂ions, is represented 

• Period followed by a comma. An example of a 
syntax equation is: or 8 

IDGICALVALUE - '.TRUE' / '.FALSE1 ., 

In the versions of ALGOL described in this paper 
the symbols which are usually printed in bold̂  
face type will begin with periods, for example: 

.PROCEDURE .TRUE .IF 

To indicate that a syntactic element is optional. 

For̂ xample^ altemation with the voiT.BGTY. 

SUBSECQNDARY - PRIMARY / .BTPTY 
SECONDARY - PRIMARY SUBSECONDARY ., ' 

By factoring, these two equations can be written 
as a single equation. written 

SECONDARY « PRIMARŶ *' PRIMARY / .EMPTY) 

+v. + 811111 11110 the META II language is the abili­
ty to recognize three basic symbols which are: 

1. Identifiers — represented by .ID, 

2. Strings — represented by .STRING, 

3- Numbers — represented by .NUMBER. 

The definition of identifier is the same in 
META II as in ALGOL, viz., a letter followed by a 

a string if f ̂  vr dlglt8* 1716 definition 0f a string is changed because of the limited char-

ATOnf 86f 8v8llable on the usual keypunch. In 
ALGOL, strings are surrounded by opening and clos-
ing quotation marks, making it possible to have 

on°fT T v 8trlng" ̂  single quotation mark 
tin?kfypun=:h 18 ̂ Ique, imposing the restric­
tion that a string in quotes can contain no other 
quotation marks. 

The definition of number has been radically 
changed. The reason for this is to cut down on 
the space required by the machine subroutine which 
recognizes numbers. A number is considered to be 

rerfff0® vf,418118 whlch ̂  Include imbedded 
periods, but may not begin or end with a period-
moreover, periods may not be adjacent. The use'of 
the subscript 10 has been eliminated. 

Now we have enough of the syntax defining 

cmfiM66 fh6n lm!A 11 ĝuage so that we can 
consider a simple example in some detail. 

The example given here is a set of four syn­
tax equations for defining a very limited class of 
algebraic expressions. The two operators, addi­
tion and multiplication, will be represented by + 
and * respectively. Multiplication takes preced-

8ddlllon' otherwise precedence is indi­
ted by parentheses. Some examples are: 

v>- -3-1 



A 
A + B 
A + B » C 
(A + B) » C 

The syntax equations which define this class of 
expressions are as follows: 

BC3 . n >  /  ' ( •  b c i  » ) '  • »  
EX2 / .BffTl 
kx 1 j • SffTI) • , 

EX2 « EX3 ('»' EX2 / .BGTT) ., 
( '+ '  KX1 - KX2 

EX is an abbreviation for expression. The 
last equation, which defines an expression of or­
der 1, is considered the main equation. The equa­
tions are read in this manner. An expression of 
order 3 is defined as an identifier or an open 
parenthesis followed by an expression of order 1 
followed by a closed parenthesis. An expression 
of order 2 is defined as an expression of order 3, 
which may be followed by a star which is followed 
by an expression of order 2. An expression of 
order 1 is defined as an expression of order 2, 
which may be followed by a plus which is followed 
by an expression of order 1. 

Although sequences can be defined recursive­
ly, it is more convenient and efficient to have a 
special operator for this purpose. For example, 
we can define a sequence of the letter A as fol­
lows: 

SBftA - $ 'A' 
The equations given previously are rewritten using 
the sequence operator as follows: 

EX3 - .ID / •(• EX1 •)' 
EX2 = EX3 $ ('*' EX3) ., 
EX1 « EX2 $ ('+' EX2) ., 

Output 

Op to this point we have considered the 
notation in META II which describes object lan­
guage syntax. To produce a compiler, output com­
mands are Inserted into the syntax equations. 
Output from a compiler written in META II is al­
ways in an assembly language, but not in the as­
sembly language for the ll<01. It is for an in­
terpreter, such as the interpreter I call the 
META II -machine, which is used for all compilers, 
or the interpreters I call the VALGOL I and VAL-
GOL II machines, which obviously are used with 
their respective source languages. Bach machine 
requires its own assembler, but the main differ­
ence between the assemblers is the operation code 
table. Constant codes and declarations may also 
be different. These assemblers all have the same 
format, which is shown below. 
LABEL CODB ADDRESS 
1- -6 8- -10 12- -70 

An assembly language record contains either 
a label or an op code of up to 3 characters, but 
never both. A label begins in column 1 and. may 
extend as far as column 70. If a record contains 
an op code, then colimm 1 must be blank. Thus 
labels may be any length and are not attached to 
instructions, but occur between instructions. 

To produce output beginning in the op code 

field, ve write .OUT and then surround the infor­
mation to be reproduced with parentheses. A 
string is used for literal output and an asterisk 
to output the special symbol Just found in the 
input. This is illustrated as follows: 

KX3 « .ID .OUT('ID • «) / •(• EX1 •)' •, 
EX2 « KX3 % ('•' EX3 .GUT( •MM!')) ., 
EX1 « EX2 $ ('+' BC2 .0UT( 'ADD')) ., 

To cause output in the label field we write 
.LABEL followed by the item to be output. For 
example, if we want to test for an identifier 
and output it in the label field we write: 

.ID .IABEL • 
The META II compiler can generate labels of 

the form A01, ACE, A03, ... A99, B01, .... To 
cause such a label to be generated, one uses *1 
or *2. The first time *1 is referred to in any 
syntax equation, a label will be generated and 
assigned to it. This same label is output when­
ever *1 is referred to within that execution of 
the equation. The synbol *2 works in the same vat 
Thus a maximum of two different labels may be gen­
erated for each execution of any equation. Re­
peated executions, whether recursive or externally 
initiated, result in a continued sequence of gen­
erated labels. Thus all syntax equations con­
tribute to the one sequence. A typical example 
in which labels are generated for branch ccmandi 
is now given. 

IFSTATSffiRT - '.IF' EXP '.THEE' .0UT( 'BFP* »l) 
STATMsrrr '.EISE' .OUT('B • *2) .LABEL *1 
STATEMENT .LABEL *2 ., 

The op codes BFP and B are orders of the 
VALGOL I machine, and stand for "branch false and 
pop" and "branch" respectively. The equation also 
contains references to two other equations which 
are not explicitly given, viz., EXP and STATEMEHT. 

VALGOL I - A Simple Compiler Written in META II 

Row we are ready for an example of a compil­
er written in META II. VALGOL I is an extremely 
simple language, based on ALGOL 60, which has been 
designed to illustrate the META H compiler. 

Hie basic information about VALGOL I is git-
en in figure 1 (the VALGOL I compiler written in 
META II) and figure 2 (order list of the VALGOL I 
machine). A sample program is given in figure 3-
After each line of the program, the VALGOL I com­
mands which the compiler produces from that line 
are shown, as well as the absolute interpretive 
language produced by the assembler. Figure 4 is 
output from the sample program. Let us study the 
compiler written in META H (figure l) in more 
detail. 

Hie identifier PROGRAM on the first line In­
dicates that this is the main equation, and that 
control goes there first. The equation for PRI­
MARY is similar to that of EX3 in our previous 
example, but here numbers are recognized and re­
produced with a "load literal" command. TBEM is 
what was previously ZX2; and EXP1 what was pre­
viously EX1 except for recognizing minus for sub­
traction. The equation EXP defines the relation­
al operator "equal", which produces a value of 0 
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11 *>y naklng a comparison. Hotice that this is 
^ndled Just like the aritlmetic operators hut 
rith a lower precedence. The conditional branch 
;®mnds, "branch true and pop" and. "branch false 
aA pop", which are produced by the equations de­
fining UNTIIST and CCKDITIOHAIST respectively, 
illl test the top item in the stack and branch 
iccordingly. 

The "assignment statement" defined by the 
squat ion for ASSIGBST iB reversed from the con­
tention in ALGOL 60, i.e., the location into 
vhich the computed value is to be stored is on 
the right. Hotice also that the equal sign is 
ased for the assignment statement and that period 
equal (.«) is used for the relation die cussed 
ibove. This is because assignment statements are 
tore numerous in typical programs than equal ccm-
jsres, and so the simpler representation is cho­
sen for the more frequently occurring. 

The omission of statement labels from the 
VAI/30L I and VALGOL II seems strange to most pro-
pamners. This was not done because of any dif­
ficulty in their Implementation, hut because of a 
dislike for statement labels on the peu-t of the 
wthor. 1 have programed for several years with­
out using a single label, so I know that they are 
superfluous from a practical, as well as from a 
theoretical, standpoint, nevertheless, it would 
be too much of a digression to try to Justify 
this point here. The "until statement" has been 
sdded to facilitate writing loops without labels. 

The "conditional" statement is similar to 
the one in ALGOL 60, but here the "else" clause 
is required. 

The equation for "input/output", IOST, in-
rolves two commands, "edit" and "print". The 
rcrds EDIT and FRUIT do not begin with periods so 
that they will look like subroutines written in 
code. "EDIT" copies the given string into the 
print area, with the first character in the print 
position which is computed from the given expres­
sion. "PRINT" will print the current contents of 
the print area and then clear it to blanks. Giv­
ing a print command without previous edit ccm-
mnds results in writing a blank line. 

IDSEftl and IDSEQ are given to simplify the 
syntax equation for DEC (declaration). Hotice in 
the definition of DEC that a branch Is given 
around the data. 

From the definition of BLOCK it can he seen 
that what is considered a compound statement in 
AL30L 60 1b, in VAIfiOL I, a special case of a block 
ihich has no declaration. 

In the definition of statement, the test 
for an IOST precedes that for an ASSIGWST. This 
Is necessary, because if this were not done the 
wrds FRUIT and EDIT would he mistaken as identi­
fiers and the compiler would try to translate 
"Input/output" statements as if they were "assign-
sent" statements. 

Hotice that a PROGRAM is a block and timt a 
•tandard set of commands is output after each pro-
Sram. The "halt" ccmaand causes the machine to 
•top on reaching the end of the outermost block, 
•blch is the program. The operation code SP is 
generated after the "halt" cconmnd. This is a 
completely 11*01 -oriented code, which serves to 
•et a word mark at the end of the program. It 

would not he used if VALGOL I were Implemented cm 
a fixed word-length machine. 

Bow the META II Compiler Was Written 

How we ccme to the most interesting part of 
this project, and consider how the META II com­
piler was written in its own language. The in­
terpreter called the META II Michine is not a 
much longer 11*01 program than the VALGOL I ma­
chine. The syntax equations for META II (figure 
5) are fewer in number than those for the VALGOL 
I machine (figure l). 

The META II compiler, which is an interpret­
ive program for the META II machine, takes the 
syntax equations given in figure 5 and produces an 
assembly language version of this same interpret­
ive program. Of course, to get this started, I 
had to write the first compiler-writing compiler 
by hand. After the program was running, it could 
produce the same program as written by hand. Some­
one always asks if the compiler really produced 
exactly the program I had written by hand and I 
have to say that it was "almost" the same pro­
gram. I followed the syntax equations and tried 
to write Just what the compiler was going to pro­
duce. Unfortunately I forgot one of the redun­
dant instructions, so the results were not quite 
the same. Of course, when the first machine-
produced compiler compiled itself the second time, 
It reproduced itself exactly. 

The compiler originally written by hand was 
for a language called META I. This was used to 
implement the improved compiler for META II. 
Sometimes, when X wanted to change the metalan­
guage, I could not describe the new metalanguage 
directly in the current metalanguage. Then an 
intermediate language was created — one which 
could be described in the current language and in 
vhich the new language could be described . I 
thought that it might sometimes be necessary to 
modify the assembly language output, but it seems 
that it is always possible to avoid this with the 
intermediate language. 

The order list of the META II machine is 
given in figure 6. 

All subroutines in META II programs are re­
cursive. When the program enters a subroutine a 
stack is pushed down by three cells. Ctae cell 
is for the exit address and the other two are for 
labels which may be generated during the execu­
tion of the subroutine. There is a switch which 
may be set or reBet by the instructions which re­
fer to the input string, and this is the switch 
referred to by the conditional branch catnnands. 

The first thing in any META II machine pro­
gram is the address of the first instruction. 
During the initialisation for the interpreter, 
this address is placed into the instruction 
counter. 

VALGOL II Written in META II 

VALGOL II is an expansion of VALGOL I, and 
serves as an illustration of a fairly elaborate 
programing language Implemented in the META II 
system. There ore several features in the VAL­
GOL II machine which were not present in the 
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VALGOL I machine, and which require same explana­
tion- In the VALGOL II machine, addresses as well 
as nixabers are put in the stack. They are marked 
appropriately so that they can be distinguished at 
execution time. 

The main reason that addresses are allowed 
in the stack is that, in the case of a subscripted 
variable, an address is the result of a computa­
tion. In an assignment statement each left member 
is compiled into a sequence of code which leaves 
an address on top of the stack. Ibis is done for 
simple variables as well as subscripted variables, 
because the philosophy of this compiler writing 
system has been to compile everything in the most 
general way. A variable, simple or subscripted, 
is always compiled into a sequence of instructions 
which leaves an address on top of the stack. The 
address is not replaced by its contents until the 
actual value of the variable is needed, as in an 
arithmetic expression. 

A formal parameter of a procedure is stored 
either as an address or as a value which is com­
puted when the procedure is called. It is up to 
the load cosanand to go through any number of in­
direct address in order to place the address of a 
nunber onto the stack. An argument of a procedure 
is always an algebraic expression. In case this 
expression is a variable, the value of the formal 
parameter will be an address computed upon enter­
ing the procedure; otherwise, the value of the 
formal parameter will be a nunber computed upon 
entering the procedure. 

The operation of the load command is now 
described. It causes the given address to be put 
on top of the stack. If the content of this top 
item happens to be another address, then it is 
replaced by that other address. This continues 
until the top item on the stack is the address of 
something which Is not an address. nils allows 
for formal parameters to refer to other formal 
parameters to any depth. 

No distinction is made between integer and 
real numbers. An integer is Just a real number 
whose digits right of the decimal point are zero. 
Variables initially have a value called "un­
defined", and any attempt to use this value will 
be indicated as an error. 

An assignment statement consists of any 
number of left parts followed by a right part. 
For each left part there is compiled a sequence of 
comsands which puts an address on top of the stack. 
The right part is compiled into a sequence of in­
structions which leaves on top of the stack either 
a number or the address of a nunber. Following 
the instruction for the right part there is a se­
quence of store commands, one for each left part. 
The first comnand of this sequence is "save and 
store", and the rest are "plain" store ccnsnands. 
The "save and store" puts the number which is on 
top of the stack (or which is referred to by the 
address on top of the stack) into a register 
called SAVE. It then stores the contents of SAVE 
In the address which is held in the next to top 
position of the stack. Finally it pope the top 
two items, which it has used, out of the stack. 
The nunber, however, remains in SAVE for use by 
the following store cremands. Most assignment 
statements have only one left part, so "plain" 

store cansnands are seldom produced, with the re­
sult that the number put in SAVE is seldom used 
a^in. » 

The method for calling a procedure can be 
explained by reference to illustrations 1 and 2. 
The arguments which are in the stack are moved to 
their place at the top of the procedure. If the 

XXXXXXXX Function 

XXXXXXXX 
XXXXXXXX 

Arguments 

XXXXXXXX 

b Word of one blank char­
acter to mark the end 
of the arguments. 

R 

Body. Branch commands 
cause control to go 
around data stored in 
this area. Ends with 
a "return" ccomand. 

Illustration 1 

Storage Map for VALGOL II Procedures 

XXXXXXXX Arguments in reverse order 
XXXXXXXX 

XXXXXXXX 
XXX Flag 
XXX Address of 

procedure 

Stack before executing 
the call instruction 

Exit XXX 

Stack after executing 
the call instruction 

Illustration 2 

Map of the Stack Relating to Procedure Calls 

number of arguments in the stack does not corre­
spond to the nunber of arguments in the procedure, 
an error is indicated. The "flag" in the stack 
works like this. In the VALGOL II machine there 
is a flag register. To set a flag in the stack, 
the contents of this register is put on top of 
the stack, then the address of the word above the 
top of the stack is put into the flag register. 
Initially, and whenever there are no flags in the 
stack, the flag register contains blanks. At 
other times it contains the address of the- word 
in the stack which is Just above the uppermost 
flag. Just before a call instruction is executed, 
the flag register contains the address of the vord 
in the stack which is two above the word contain­
ing the address of the procedure to be executed. 
The call instruction picks up the arguments from 
the stack, beginning with the one stored Just 
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ibore the flag, and continuing to the top of the 
flack. Arguments are moved Into the appropriate 
places at the top of the procedure being called 
to error message is given if the number of argu-
unts in the stack does not correspond to the 
nBber of places in the procedure. Finally the 
old flag address, which is just below" the pro­
cedure address in the Btack, is put in the flag 
register. The exit address replaces the address 
of the procedure in the stack, and all the argu-
mnts, as well as the flag, are popped out. 
lliere are Just two op codes which affect the flag 
register. The code "load flag" puts a flag into 
the stack, and the code "call" takes one out. 

The library function "WHOLE" truncates a 
real number. It does not convert a real number 
to an integer, because no distinction is made be­
tween them. It le• substituted for the reccnmend-
ed function ENTIER primarily because truncation 
takes fewer machine instructions to implement. 
Also, truncation seems to be used more frequently, 
fte procedure ENTIER can be defined in VALGOL II 
as follows: 

.PROCEDURE ENTIER(X) 
• IF 0 .L- X .THEN WHOLE (X) .ELSE 
• IF WHOLE(X) « X .THEN X .EISE 
WHOLE(X) -1 

The "for statement" in VALGOL II is not the 
sane as it is in AIGOL. Exactly one list element 
is required. The "step .. until" portion of the 

»«n<fcitory, but the "while" portion may 
be added to terminate the loop immediately upon 
seme condition, n* iteration continues £ W 
as «>e value of the variable is less than w 
equal to the maximum, irrespective of the sign 
of the increment. Illustration 3 is an example 
* Îcal for statement". A flow chart of 
this statement is given in illustration 4. 

•POR I - 0 .STEP 1 .UBTIL N .DO 
(statement) 

*91 

*92 

*93 

*94 

SET 

LD I 
FLP 
BFP A92 
LDL 0 3 

SST 
B A93_ 

LDL 1 1 
ADS J 
RSR 
ID N 
MQ 
BFP A94. 
(statement) 

RST 

B A91 

Set switch to indicate first 
time through. 

Test for first time through. 

Initialize variable. 

Increment variable. 

Compare variable to max inn®. 

Reset switch to indicate not 
first time through. 

Illustration 3 

Compilation of a typical "for statement" 
in VALGOL II 

Set switch 
to indicate 
first time 
through 

Initialize 
variable 
1-»I 

V 

Increment 
variable 
1+1 -»I 

Reset switch 
to indicate 
not first 
time through 

Illustration 4 

Flow chart of the "for statement" 
given in figure 12 

„n Figure 7 is a listing of the VALGOL II com-
rf+tte° M 11 • Figure 8 gives the or-

order list of the VAL30L II machine. A sample pro­
gram to take a determinant is given in figure 9. 

Backup vs. No Backup 

Suppose that, upon entry to a recursive 
subroutine, which represents some syntax equation, 
the position of the input and output are saved. 
When some non-fir.t term of a component is not 

;0t have to stop with an 
indication of a sya t error. It can back-up the 
input and output and return false. The advantages 
of backup & re as r-ra? 

1- re is pc to describe languages, 
using backup, vhich cannot be described 
vithout backup. 

2. Even for a language vhich can be de­
scribed without backup, the syntax equations 
can often be simplified when backup is al­
lowed. 
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The advantages claimed for non-backup are as 
follows: 

1. Syntax analysis Is f»*tc} 

2. It is possible to tel> >bkt_„r synt-rx 
equations will work Just by exap .alng them, 
vithout following through numerics examples. 

The fact that rather sophisticated languages 
such as ALGOL and COBOL can be implemented without 
backup is pointed out by various people, including 
Conway,5 and they are aware of the speed advant -
ages of so doing. I have seen no mention of the 
second advantage of no-backup, so I will explain 
this in more detail. 

Basically one writes alternation? in which 
each term begins with a different symbol. Then it 
is not possible for the compiler to go down the 
wrong path. This is made more ccmp.V: " '.r-d because 
of the use of ".EMPTY". An optional item can 
never be followed by something that begins with 
the same symbol it begins with. 

The method described above is not the only 
way in which backup can be handled. Variations 
are worth considering, as a way may be found to 
have the advantages of both backup and no-backup. 

Further Development of META languages 

5. Conway, Melvin E., "Design of a Separable 
Transition-Diagram Compiler," Comm. ACM, July 1963. 

6. Irons, E. T., The Structure and Use of 
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Automatic Programming, The Mar-mill an Co., New 
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7. Bastian, Lewis, "A Ihraae-Structure lan­
guage Translator," AFCRL-Rept-62-51+9, Aug. 1962. 

8. Chomsky, Roam, "Syntax Structures ," 
Mouton and Co., Publishers, The Hague,_ Nether­
lands. 

9. Rutman, Roger, "LOGIK, A Syntax Directed 
Compiler for Computer Bit-Time Simulation," Master 
Thesis, UCIA, August 1964. 

10. Schneider, F. W., and G. D. Johnson, "A 
Syntax-Directed Compiler-Writing Compiler to Gen­
erate Efficient Code," 1964 ACM Natl. Conf., 
Philadelphia. 

As mentioned earlier, META II is not present­
ed as a standard language, but as a point of de­
parture from which a user may develop his own META 
language. The term "META Language," with "META" 
in capital letters, is used to denote any compiler-
writing language so developed. 

The language which Schmidt̂ - implemented on 
the FDP-1 was based on META I. He has now imple­
mented an improved version of this language for a 
Beckman machine. 

Rutman̂  has implemented LOGIK, a compiler 
for bit-time simulation, on the 7090. He uses a 
META language to compile Boolean expressions into 
efficient machine code. Schneider and Johnson̂ 0 
have implemented META 3 on the IBM 709̂ > with the 
goal of producing an ALGOL compiler which gener­
ates efficient machine code. They are planning a 
META language which will be suitable for any block 
structured language. To this compiler-writing 
language they give the name META 4 (pronounced 
metaphor). 
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THE VALGOL I COMPILER WRITTEN IN META II LANGUAGE 
FIGURE 1 

•SYNTAX FNOGRAN 

FRINARV • .10 «OUT(*LD • #1 / 
•NUMBER .OUT('LOL' • ) / 
•I* EXP •I• •• 

TERM • PRIMARY »!••• PRIMARY *OUT(*NLT*) » •• 

EXP1 • TERM TERM .OUT!•ADO*) / 
TERM «OUT(•SUB') ) .. 

EXP • EXPI I •••• EXPl .OUT(•EQU*I / .EMPTY) •• 

ASSIGNST • EXP ••• .10 .OUT!'ST • •) •• 

UNTILST • •.UNTIL• -LABEL «1 EXP *.D0* .OUT(*BTP* «2) 
ST .OUT(*B • «1> .LABEL *2 •• 

CONDITIONALST - *.IF* EXP * .THEN* .OUT(*BFP* •I) 
ST '.ELSE* .OUT(*B • «2> .LABEL *1 
ST .LABEL *2 •• 

IOST - •EDIT* •I• EXP ••• .STRING 
•OUT(•EOT* • ) •»• / 
•PRINT* .OUTI*PNT•I •• 

I0SE01 • .ID .LABEL • .OUT(*BLK 1*1 .. 

IDSEO - I0SE01 •<••• IDSEOI) •• 

DEC • • .REAL • -OUTI *B • «1 > IDSEO .LABEL «1 .» 

BLOCK » •.BEGIN* IDEC •••• / .EMPTY) 
ST •(•.»• ST) •.END* •• 

J 

ST • IOST / ASSIGNST / UNTILST / 
CONDITIONALST / BLOCK •• 

PROGRAM • BLOCK .OUTMHLTM 
•OUTI*SP 1•) .OUTI•END*) .» 

« A* LUMPI LED FOR THE VALGOL I MACHINE 
FIGURE 9 

•BEGIN 
•REAL X «• 0 • X *• 

• A01 
X 

BLK 001 
A01 

LDL 0 
ST X 

•UNTIL X •• 9 .DO .BEGIN 
A02 

LD X 
LOL 9 
EOU 
BTP AOS 

EDITI X»X • 10 • 1, •••) 
LD X 
LD X 
MLT 
LDL 10 
MLT 
LDL 1 
ADO 
EOT 01*»« 
PNT 
LD X 
LDL 0.1 
ADO 
ST X 

/•END 

•END 

AOS 
A02 

HLT 
SP 1 
END 

0000 G 0012 
0004 
0004 
0012 
0012 A 
0021 B 0004 

0025 
0025 0 0004 
0029 A 
0038 F 
0039 K 0097 

I • X 
0043 0 0004 
0047 0 0004 
0051 E 
0052 A 
0061 E 
0062 A 
0071 C 
0072 I 
0074 0 
0075 0 
0079 A 
0088 C 
0089 8 0004 

0093 G 0025 
0097 

0097 J 
0098 
0099 

0004 

ORDER LIST OF THE VALGOL I MACHINE 
FIGURE 2 

MACHINE CODES 

LD AAA LOAD 

LDL NUMBER LOAD LITERAL 

ST AAA STORE 

ADO ADO 

SOB SUBTRACT 

*LT MULTIPLY 

EOU EQUAL 

B AAA BRANCH 

BFP AAA BRANCH FALSE 
AND POP 

BTP AAA BRANCH TRUE 
AND POP 

EOT STRING EOIT 

PNT 

HLT 

SP N 

BLK NNN 

END 

HALT 
CONSTANT 

SPACE 

BLOCK 

ENO 

PUT THE CONTENTS OF THE AOORESS AAA 
ON TOP OF THE STACK. 

PUT THE GIVEN" NUMBER ON TOP OF 
THE STACK. 

STORE THE NUMBER WHICH IS ON TOP 
OF THE STACK INTO THE ADDRESS AAA 
AND POP UP THE STACK. 

REPLACE THE TWO NUMBERS WHICH ARE 
ON TOP OF THE STACK WITH THEIR 
SUM. 

SUBTRACT THE NUMBER WHICH IS ON 
TOP OF THE STACK FROM THE NUMBER 
WHICH IS NEXT TO THE TOP. THEN 
REPLACE THEM BY THIS DIFFERENCE. 

REPLACE THE TWO NUMBERS WHICH ARE 
ON TOP OF THE STACK WITH THEIR 
PRODUCT. 

COMPARE THE TWO NUMBERS ON TOP OF 
THE STACK. REPLACE THEM BY THE 
INTEGER 1, IF THEY ARE EOUAL. OR BY 
THE INTEGER 0* IF THEY ARE UNEQUAL. 

BRANCH TO THE ADDRESS AAA. 

BRANCH TO THE ADDRESS AAA IF THE 
TOP TERM IN THE STACK IS THE 
INTEGER 0. OTHERWISE. CONTINUE 
IN SEQUENCE. IN EITHER CASE. 
POP UP THE STACK. 

BRANCH TO THE ADDRESS AAA IF THE 
TOP TERM IN THE STACK IS NOT THE 
INTEGER 0. OTHERWISE. CONTINUE 
IN SEQUENCE. IN EITHER CASE. 
POP UP THE STACK. 

ROWD THE NUMBER WHICH IS ON TOP OF 
THE STACK TO THE NEAREST 1NTE6ER N. 
MOVE THE 61VEN STRING INTO THE 
PRINT AREA SO THAT ITS FIRST CHAR­
ACTER FALLS ON PRINT POSITION N. 
IN CASE THIS WOULO CAUSE CHARACTERS 
TO FALL OUTSIDE THE PRINT AREA. NO 
MOVEMENT TAKES PLACE. 

PRINT A LINE. THEN SPACE AND CLEAR 
THE PRINT AREA. 

HALT. 
> CONTROL COOES 

" ' CONSTANT COOE PRODUCING 
N BLANK SPACES. 

PRODUCES A BLOCK OF NNN EIGHT 
CHARACTER WORDS. 

DENOTES THE ENO OF* THE PROGRAM. 

OUTPUT FROM THE VALGOL I PROGRAM GIVEN IN FIGURE 9 
FIGURE 4 
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THE HETA u c—c%rm« .. ."«« — 

• SYNTAX WOWAN 

»- nuT (•CUL' •' / »STNIN6 
Vg; jOUT.-OM / 

::SSiS: -.Sag;; •«••»' 
••EMPTY* .OUT('SET'» / 
•ft* .LABEL *1 CX3 
!SW TFIT- .11 .OUTCSET.U. 

F«2 . (EXS .OUTI'BF • •!> ' OUTPUT! 
SIEXJ .OUTI'BE'I / OUTPUT! 
•LABEL *1 •• 

EX1 . EX2 «••/' .OUTl'W ' •»» *" » 
•LABEL •! •• 

5T M .ID .LABEL • ••• T*1 
*OUTI*R*I•• 

PROGRAH • '.SYNTAX' .10 .OUT('AOR* •» 
751 ••£«>' .OUTCENO'U. 

RCTUM 

SET 

B AAA BRANCH 

• END 

_»T AAA BRANCH IF TRUE 

JIF AAA BRANCH IP FALSE 

.« BRANCH TO ERROR 
BT IF FALSE 

CL STRING CORY LITERAL 

CORY INPUT 

GENERATE 1 

LB 

OUT 

GENERATE 2 

LABEL 

OUTRUT 

fT««0'.f P^"E»TLSS:T Xi CELL. 

SET BRANCH SWITCH ON. 

BRANCH UNCONDITIONALLY TO LOCATION 
AAA. 

MANCH TO LOCATION AAA J* J*"*" 15 
ON. OTHERWISE. CONTINUE IN SEO-
UENCE. 
MANCH TO LOCATION AAA IF SWITCH 

OTHERWISE. CONTINUE IN 
SEOUENCE. 

HALT IF SWITCH IS OFF. OTHERWISE. 
CONTINUE IN SEOUENCE. 

OUTPU, THE VARIABLE LENGTH STRING 

OUTPUT FOLLONlNG THE STRING. 

OUTPUT THE LAST SEQUENCE .Sul"*** iilSw m6* 
C£LO"USE DELETION FAILED 

TO DO SO. 

THIS COFICEWIS THE^CUWEHT^LABEL 

»«>CH I?de'ish °* 

siipiaiP 
"AS ALREADY THERE. OUTI'^ACTE. 
FINALLY. INSERT A BLAHA l»»EL. 
IN THE OUTPUT FOLLO.INO THt LAOtt. 

SANE AS 6N1. EXCEPT THAT.TCON-
CERNS THE CURRENT LABEL 2 CELL. 
IE.. THE TOP CELL IN THE STALA. 

SET THE OUTPUT COUNTER TO CARD _ 
COtUNN I. 
PUNCH CARO AHO RESET OUTPUT COUNTEI 

rAI I I MM ft. 

Tlgar* 

ONOER LIST Of THE NETA I 
FIGURE t 

HACHINE 

MACHINE CODES 

1ST STRING TEST 

IDENTIFIER 

AFTER DELETING '"IT1*L *EV^S' THE 
THE INPUT STRING. COMPARE IT TO THE 
STRING GIVEN AS ARGUMENT. IF THE 
COMPARISON IS NET. ^ 
HATCHED PORTION FRO" THE INPUT AND 
SET SNITCH. IF NOT NET. RESET 
SNITCH. 

AFTER DELETING INITIAL BLAIKS IN 
THE INPUT STRING. TEST IF IT BEGINS 
I7?H K IDENTIFIER. IE., A LETTER 
FOLLONED BY A SEOUENCE OF LETTERS 
ANO/OR DIGITS. IF SO. DELETE THE 
IDENTIFIER AND SET SNITCH. IF NOT. 
RESET SNITCH. 

AFTER DELETING INITIAL *C"*S 
THE INPUT STRING. TEST J' J""'1" 
NITH A NUMBER. A NUMBER IS |LTAI. 
STRING OF DIGITS NHICH "*T 
IHBEDED PERIODS. BUT HAY NOT BEGIN 
OR END NITH A PER 100. 
INO PERIODS HAY BE "EXTTOONE ftMOTHER. IF A NUMBER IS FOUMD. 
DELETE IT AMD SET SWITCH. IF MOT. 
RESET SWITCH. 

AFTER DELETING INITIAL 
THE INPUT STRING. 'EST IF IT BEGINS 
NITH A STRING. IE.. A SINGLE QUOTE 
FOLLONED BY A SEOUENCE OF *N* 
CHARACTERS OTHER THAN SINGLE OOOTE 
FOLLOWED BY ANOTHER S^LC OUOTII. 

MBS •!f'K!-&W.t«r 

PUSH IT OONM BY TH»EE CELLS. SET 
FLAG IN THE STACK TO I*0'"'* 
NHETHER IT HAS BEEN FUSHED BY OM 
oft THREE CELLS. THIS FLAG AMO THt 
EXIT AOORESS GO INTO THE THIRD 
"IL.^LEAR THE TOP TNO CELLS TO 
BLAHXS TO INDICATE THATIHEY CAN 
ACCEPT AOORESSES »HLC""** " 
GENERATED NITHIN THE SUBROUTINE. 

UTN 

CONSTANT AND CONTROL COOES 

AON IOENT AOORESS 

END 

••onufES THE AOORESS WHICH IS 
SSSH TO THE GIVEN IDENTIFIER . 
A CONSTANT. 

DENOTES THE ENO OF THE FNOGRAN. 

FLprrN 6.J 
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VALGOL II COMPILER MITTEN IN META II 
FIGURE 7 

• SYNTAX PROGRAM 

ARRAYPART - •!.* fXP *•>• .OUTCAIA*) •, 

CALLPART • *C »OUT(*LDF* } (EXP SC.* EXP) / 
•EMPTY) •I• .OUTI'CLL') •• 

VARIABLE • .10 .OUTCLD • •) (ARRAYPART / .EMPTY) .. 

PRIMARY • •WHOLE• EXP •)• •OUT(•DHL *) / 
•10 • OUTCLD • •) (ARRAYPART / CALLPART / .EMPTY) / 
••TRUE' »OUT ( • SET • ) / ••FALSE* .OUTCRST*) / 
•0 • .OUTCAST* > / «1 • .OUTCSET*) / 
•NUMBER .OUT(•LDL• •) / 
•I* EXP •)• •• 

TERN • PRIMARY S (••• PRIMARY *OUT(*MLT*) / 
•/• PRIMARY .OUT(*OIV*l / 
»•/•• PRIMARY .OUT(*01V*) .OUTCWHL*) I •• 

EXP2 • *-* TERM .OUTI*NE6*) / 
TERM / TERM .. 

EXPI • EXP2 »(*•• TERM .OUTCAOO*) / 
•-• TERM .OUTCSUB*)) .. 

RELATION • EXPI I 
*.L-« EXPI .OUTCLEO*) / 
«.L* EXPI .OUTI*LES*) / 
•••* EXPI .OUT!*EOU*) / 
*•-•• EXPI .OUT(*EOU*) .OUT('NOT•) / 
*.6-* EXPI •OUTCLES'I .OUTCNOT*) / 
••G* EXPI .OUT ( • LEO* ) .OUTCNOT*) / 
•EMPTY) •• 

BPRIMARY - ».-• RELATION .OUTCNOT*i > 
RELATION • • 

BTERM • BPRIMARY S (*..* .OUT('BF • *1) 
•OUT(*POP•) BPRIMARY) 
•LABEL *1 •• 

SEXP1 • BTERM SI *.V* .OUTCBT • *1) 
•OUTCPOP*) BTERM) 
•LABEL *1 • • 

INPL I CAT I ON 1 - ••IMP• .OUT(*NOT*) 
• OUTCBT • »1) .OUT ( *POP • ) 
BEXP1 .LABEL *1 •• 

/ IMPLICATION - BEXP1 S IMPLICATION! •• 

DEC • TYPEOEC / ARRAYOEC / PROCEDURE .. 

Block • ••begin' •outi*b • «ii xoec •• 
•LABEL *1 ST SC..* ST) '.END* 
(.ID / .EMPTY) .. 

UNCONDITIONALST • IOCALL / ASS16NCALLST 
BLOCK •• 

COMDST • ••IF* EXP *«THEN* .OUTCBFP* *1 
(UNCONDITIONALST C.ELSE* .OUTCB 
•LABEL *1 ST .LABEL *2 / .EMPTY 
•LABEL *1) / (FORST / UNTILST) 
•LABEL *1) •» 

ST • COMDST / UNCONDITIONALST / FORST / 
UNTILST / .EMPTY •• 

PROGRAM « BLOCK 
•OUTI*MLT*) .OUT(•SP 1*| .OUT(*END 

Pleura 7.3 

Pleura 7.1 

EOUIV • IMPLICATION BC.EO* .OUTCEOU*) ) •• 

EXP • *.IF* EXP *.THEN* .OUTCBFP* al| 
EXP .OUTCB • #2) .LABEL «1 
••ELSE* EXP .LABEL *2 • 
EOUIV •• 

ASSIGNPART • EXP ( ASSIGMPART .OUTCST*) / 
•EMPTY .OUT(*SST•) ) .. 

ASS16NCALLST • .ID .OUTCLD • *) (ARRAYPART ASSIGNPART / 
ASSIGNPART / (CALLPART / .EMPTY 
• OUTCLDF*) .OUT( *CLL• ) ) 
•OUT(•POP*) ) .. 

UNTILST - •.UNTIL' .LABEL *1 EXP 
••DO* .OUT(*BTP' *2) ST 
•OUT(*B • au .LABEL *2 •• 

WHILECLAUSE • *.WHILE* .OUTCBF • #1) 
.OUTCPOP*) EXP .LABEL *1 / .EMPTY •• 

FORCLAUSE • VARIABLE ••* •OUT('FLP') 
•OUTCBFP* *1) EXP '.STEP* 
• OUT C SST•) .OUT(•B • »2) 
• LABEL *1 EXP *.UNTIL * -OUT I•ADS•) 
• LABEL *2 .OUTCRSR') EXP 
• OUTCLEO*) WH1LCCLAUSE *.D0* •• 

FORST • ' .FOR • .OUTCSET*) .LABEL *1 
TORCLAUSE .OUTCBFP* #2) ST 
•OUTCRST*) .OUT(*B • an 
•LABEL *2 •• 

IOCALL • 'READ* •(• VARIABLE *,* EXP •)• .OUTCRED*) / 
•WRITE* •(• VARIABLE ••• EXP •)• .OUTCWRT*) / 
•EDIT* *(• EXP *,• .STRING 
•OUT(•EOT• a) •)• • 
•PRINT' .OUTCPNT*) / 
•EJECT* .OUTCEJT*) •• 

IDSEQ1 • .ID .LABEL* .OUTCBLK 1*) .. 

IDSEQ • IDSE01 SC.* IDSE01) .. 

TYPEDCC • *.REAL* IDSEO .. 

ARRAY1 - .ID .LABEL * *(•* *0* *. 
• OUTCBLK 1*) .OUTCBLK* a) 

•NUMBER 
. ) •  

ARRAYDEC • *.ARRAY* ARRAY1 B( *.* ARRAYl) .. 

PROCEDURE • •.PROCEDURE* .ID .LABEL * 
LABEL *1 .OUTCBLK 1*) *C 

(IDSEO / •£. PTYl •)• .OUT(•SP 1*) *.,* 
;«)7ci *i) •• 

*leura 7.2 
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OROCR LIST Of THC VALGOL II MAC*IMC 
FIGURE • 

MAC*IMC CODES 

LO 

LDL 

SET 

RST 

ST 

LOAD 

LOAO LITERAL 

SET 

ADO TO STORAGE 
MOTE 1 

SAVE AMD STORE 
MOTE 1 

ADO 
MOTE 2 

SUBTRACT 
MOTE 2 

MULTIPLY 
MOTE 2 

DIVIDE 
MOTE 2 

PUT THC ADORESS AAA OR TOP OF THE 
STACK* 

PUT THE GIVEM NUMBER OR TOP OF 
THE STACK* 

PUT THE INTEGER 1 OR TOP OF THE 
STACK* 

PUT THE INTEGER 0 OR TOP OF THE 
STACK* 

STORE THC CORTEMTS OF THE REGISTER. 
STACKl. IN THE AOORESS WHICH IS OR 
TOP OF THE STACK. THEM POP UP THE 
STACK* 

ADO THE NUMBER ON TOP OF THE STACK 
TO THE NUMBER WHOSE ADORESS IS NEXT 
TO THE TOP. AND PLACE THE SUM IN 
THE REGISTER. STACKl. THEN STORE 
THE CONTENTS OF THAT REGISTER IN 
THAT ADORESS. AND POP THE TOP TWO 
ITEMS OUT OF THE STACK* 

PUT THE NUMBER ON TOP OF THC STACK 
INTO THC REGISTER. STACKl. THEN 
STORE THE CONTENTS OF THAT REGISTER 
IN THE ADORESS WHICH IS THE NEXT 
TO TOP TERM OF THE STACK. THE TOP 
TWO ITEMS ARE POPPED OUT OF THE 
STACK. 

PUT THE CONTENTS OF THE REGISTER. 
STACKl* OR TOP OF THE STACK. 

REPLACE THC TWO NUMBERS WHICH ARE 
OR TOP OF THC STACK WITH THEIR 

SUBTRACT THE NUMBER WHICH IS OR 
TOP OF THE STACK FROM THE NUMBER 
WHICH IS NEXT TO THE TOP. THEN 
REPLACE THEM BY THIS DIFFERENCE. 

REPLACE THE TWO NUMBERS WHICH ARE 
OR TOP Of THE STACK WITH THEIR 
PROOUCT. 

DIVIDE THE NUMBER WHICH IS NEXT TO 
THE TOP OF THE STACK BY THE NUMBER 

WHICH IS OR TOP OF THE STACK. THEN 

REPLACE THEM BY THIS QUOTIENT. 

CLL 

LDF 

R AAA 

AIA 

CALL 

LOAD FLAG 

ARRAY INCREMENT 
AOORESS 

EDT STRING EDIT 
NOTE 1 

PMT 

EJT 

RED 

PRINT 

EJECT 

READ 

ENTER A PROCEDURE AT THC AOORESS 
WHICH IS BELOW THE FLAG. 

PUT THE ADORES* WHICH IS IN THE 
FLAG REGISTER Of. TOP OF THE STACK. 
ANO PUT THC ADDRESS OF THE TOP OF 
THE STACK INTO THE FLAG REGISTER. 

RETURN FROM PROCEDURE. 

INCREMENT THE ADDRESS WHICH IS NEXT 
TO THE TOP OF THE STACK BY THE 
INTEGER WHICH IS ON TOP OF THE 
STACK. ANO REPLACE THESE BY THE 
RESULTING ADDRESS* 

INTERCHANGE THE TOP TWO TERMS OF 
THE STACK. 

POP UP THE STACK. 

ROUND THC NUMBER WHICH IS ON TOP OF 
THE STACK TO THE NEAREST INTEGER N. 
MOVE THC 6IVEN STRING INTO THE 
PRINT AREA SO THAT ITS FIRST CHAR­
ACTER FALLS ON PRINT POSITION N. 
IN CASE THIS WOULD CAUSE CHARACTERS 
TO FALL OUTSIDE THE PRINT AREA, NO 
MOVEMENT TAKES PLACE. 

PRINT A LINE. THEN SPACE AND CLEAR 
THE PRINT AREA. 

POSITION THE PAPER IN THE PRINTER 
TO THE TOP LINE OF THE NEXT PAGE. 

READ THE FIRST N NUMBERS FROM A 
CARD AND STORE THEM BEGINNING IN 
THE ADORESS WHICH IS NEXT TO 
THE TOP OF THE STACK. THE INTEGER 
N IS THE TOP TERM OF THE STACK. 
POP OUT BOTH THE ADORESS ANO THE 
INTEGER. CAROS ARE PUNCHED WITH UP 
TO 10 EIGHT DIGIT NUMBERS. DECIMAL 
POINT IS ASSUMED TO BE IN THE 
NIDOLE. AN 11-PUNCH OVER THE. 
RIGHTMOST DIGIT INOICATES A NEG­
ATIVE NUMBER. 

ftfur* 8.3 

PigurR 8.1 

NEGATE CHANGE THE SIGN OF THE NUMBER ON 
NOTE 1 TOP OF THE STACK. 
WHOLE TRUNCATE THC NUMBER WHICH IS ON 

TOP OF THE STACK. 

NOT IF THE TOP TERM IN THE STACK IS THE 
INTEGER 0. THEN REPLACE IT WITH THE 
INTEGER 1. OTHERWISE. REPLACE IT 
WITH THE INTEGER 0. 

LESS THAN ON EQUAL IF THE NUMBER WHICH IS NEXT TO 
NOTE 2 THE TOP OF THE STACK IS LESS THAN 

OR EQUAL TO THE NUMBER ON TOP OF 
THC STACK. THEN REPLACE THEM WITH 
THE INTEGER 1* OTHERWISE. REPLACE 
THEM WITH THE INTEGER 0. 

IF THE NlR<BER WHICH IS NEXT TO 
THC TOP OF THE STACK IS LESS THAN 
THE NUMBER ON TOP OF THE STACK. 
THEN REPLACE THEM WITH THE 
INTEGER I. OTHERWISE. REPLACE THEM 
WITH THE INTEGER U. 

B 

BT 

LESS THAN 
NOTE 2 

EQUAL 
NOTE 2 

BRANCH 

BRANCH TRUE 

BRANCH FALSE 

BRANCH TRUE 
ANO POP 

BRANCH FALSE 
AND POP 

COMPARE THE TWO NUMBERS ON TOP OF 
THE STACK. REPLACE THEM BY THE 
INTEGER 1. IF THEY ARE EOUAL. OR BY 
THC INTEGER 0. IF THEY ARE UNEQUAL. 

BRANCH TO THE ADORESS AAA. 

BRANCH TO THE ADDRESS AAA IF THE 
TOP TERM IN THE STACK IS NOT THE 
INTEGER 0. OTHERWISE. CONTINUE 
IN SEQUENCE. DO NOT POP UP THE 
STACK. 

BRANCH TO THE ADDRESS AAA IF THE 
TOP TERM IN THC STACK IS THE 
INTEGER 0. OTHERWISE. CONTINUE 
IN SEQUENCE. DO NOT POP UP THE 
STACK. 

BRANCH TO THE ADORESS AAA IF THE 
TOP TERM IN THC STACK IS NOT THE 
INTEGER 0. OTHERWISE. CONTINUE 
IN SEQUENCE. IN EITHER CASE. POP 
UP THE STACK. 

BRANCH TO THE ADDRESS AAA IF THE 
TOP TERM IN THE STACK IS THE 
INTEGER 0. OTHERWISE. CONTINUE 
IN SEQUENCE. IN EITHER CASE. . 
POP UP THC STACK. 

PRINT A LINE OF N NUMBERS BEGINNIN6 
IN THE ADDRESS WHICH IS NEXT TO 
THE TOP OF THE STACK. THE INTEGER 
N IS THE TOP TERM OF THE STACK. 
POP OUT BOTH THE ADDRESS AND THE 
INTEGER. TWELVE CHARACTER POSI­
TIONS ARE ALLOWED FOR EACH NUMBER. 
THERE ARE FOUR DIGITS BEFORE AND 
FOUR DIGITS AFTER THE DECIMAL. 
LEADING ZEROES IN FRONT OF THE 
DECIMAL ARE CHANGED TO BLANKS. 
IF THE NUMBER IS NEGATIVE. A MINUS 
SIGN IS PRINTED IN THE POSITION 
BEFORE THE FIRST NON-BLANK CHARACT­
ER. 

SP N 

BLK NM 

ETO 

CONSTANT ANO CONTROL COOES 

SPACE N . i—f. CONSTANT COOC PROOUCING 
N BLANK SPACES. 

PRODUCES A BLOCK OF NNN EIGHT 
CHARACTER WORDS. 

DENOTES THE ENO OF THE PROGRAM. 

NOTE 1. IF THE TOP ITEM IN THE STACK IS AN ADDRESS. IT IS 
REPLACED BY ITS CONTENTS BEFORE BEGINNING THIS 
OPERATION. 

NOTE 2. .*»L AS f .V l i  I. BUT APPLIES TO THE TOP TWO ITEMS. 

Plgur« 8.4 

Pigur* 8.2 
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EXAMPLE PROGRAM IN VALGOL II 
FIGURE f 

.PROCEDURE DETERMINANT!A* N) ., 
•BEGIN 
•PROCEDURE DUMP!) ., 
•BEGIN 
•REAL D •• 
•FOR D • 0 .STEP 1 .UNTIL N-l .DO 

WRITE(MATRIX!• N*0 N) 
PRINT 
•END DUMP M 

•PROCEDURE ABS(X) ., 
ABS • .IF 0 .L- X .THEN X .ELSE -X •• 

•REAL PROOUCT. FACTOR, TEMP, R. I ,  J  . ,  
PRODUCT - 1 
•FOR R - 0 .STEP 1 .UNTIL N-2 
• WHILE PROOUCT 0 .DO .BEGIN 

I • R 
• FOR J • R*1 .STEP 1 .UNTIL N-l .DO 

•IF ABS( A(, N*I • R •> ) #L 
ABS! A!• N«J • R .) ) •THEN 

I • J • • 
•IF A!• N*I • R •) 0 .THEN 

PRODUCT • 0 
•ELSE 

• IF I R .THEN .BEGIN 
PRODUCT • -PRODUCT •• 
•FOR J • R .STEP 1 .UNTIL N-l .DO 
•BEGIN 

TEMP • A(. MR • J 
Al« N«R • J . I a  A(• N* I • J •) 

,C_ .. *'• •*' I£W" .£«0 .£*0 . 
TEMP a A!. N*R •R.I., 
•FOR I • Rfi .STEP 1 .UNTIL N-l .DO 
•BEGIN 

FACTOR a  AI• N«I • R .) / TEMP •• 
•FOR J a R .step i .UNTIL N-l .DO 

A(. N*I • J .| a  A(. N*I • J  . |  
- F A C T O R  •  A t .  N « R  • J . I  . ,  

DUMP 
•END .END •• 

•FOR I a o .STEP 1 .UNTIL N-l .DO 
PROOUCT • PROOUCT • A!• N*I • I  . »  . ,  

DETERMINANT a PROOUCT 
•END DETERMINANT •• 
•REAL M, W, T •• .ARRAY MATRIX !• 0 •• 2A .1 ., 
•UNTIL .FALSE .DO .BEGIN 

I?1"0 OF' I ., PRINT.. PRINT, 
READIM, 1) ., 
•FOR W • 0 .STEP 1 .UNTIL N-l .DO .BEGIN 

R E A D ( M A T R I X  I .  M « W  . ! .  M )  . ,  
WRITEIMATRIX I. M«« .), Ml .END •* 

PRINT •• T - DETERMINANT IMATRIX* Ml ., 
WRITEtT. II •• PRINT.. PRINT .END 

•END PROGRAM 

SI.3-11 
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