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A b s t r a c t 

A u t o m a t i c debugg ing i s examined i n the 
c o n t e x t o f c o m p i l e r c o r r e c t n e s s . A system i s 
d e s c r i b e d whose g o a l i s t o p rove the c o r r e c t n e s s o f 
t r a n s l a t i o n s i n v o l v i n g h e u r i s t i c a l l y o p t i m i z e d 
code. The c l a s s of e r r o r s t h a t can be d e t e c t e d and 
c o r r e c t e d u s i n g such a system i s a l s o d i s c u s s e d . 
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INTRODUCTION 

In lSamet7 7a] we d e s c r i b e the use of a 
c o m p i l e r t e s t i n g sys tem [Samet 7 5 ] i n d e t e c t i n g 
e r r o r s i n h e u r i s t i c a J l y o p t i m i z e d code a s w e l l a s 
the p r o s p e c t s f o r a u t o m a t i c a l l y c o r r e c t i n g them. 
Th i s wo rk i s m o t i v a t e d by t he r e a l i z a t i o n tha t 
o f t e n t h e r e i s no a p r i o r i knowledge o f how c e r t a i n 
computer programs a r e to be o p t i m i z e d . In such a 
case , t h e r e may be a need to r e s o r t to h e u r i s t i c s ; 
t h e r e b y n e c e s s i t a t i n g a mechanism f o r v e r i f y i n g 
t h a t the v a r i o u s a t t e m p t s a t o p t i m i z a t i o n d o indeed 
l u n c t i o n p r o p e r l y . 

Comp i l e r t e s t i n g i s a t e c h n i q u e o f p r o v i n g 
t h a t g i v e n a c o m p i l e r ( o r any t r a n s l a t i o n 
p r o c e d u r e ) and a program to be c o m p i l e d , the 
t r a n s l a t i o n has been c o r r e c t l y p e r f o r m e d . Comp i le r 
t e s t i n g r e l i e s o n the e x i s t e n c e o f a n i n t e r m e d i a t e 
r e p r e s e n t a t i o n common to bo th the sou rce and o b j e c t 
p rograms. T h i s r e p r e s e n t a t i o n r e f l e c t s a l l o i ' the 
c o m p u t a t i o n s pe r fo rmed o n a l l p o s s i b l e e x e c u t i o n 
p a t h s . G iven the e x i s t e n c e of such a 
r e p r e s e n t a t i o n , t h e t e s t i n g p r o c e d u r e c o n s i s t s o f 
t h r e e s t e p s . F i r s t , t he n i g h l e v e l language 
program i s c o n v e r t e d t o the i n t e r m e d i a t e 
r e p r e s e n t a t i o n v i a the use o f a s u i t a b l e se t o f 
s y n t a c t i c , t r a n s f o r m a t i o n s [Samet77b ] . Second, the 
low l e v e l p rogram must be c o n v e r t e d to the 
i n t e r m e d i a t e r e p r e s e n t a t i o n . T h i s i s a c h i e v e d b y 
use of a p r o c e s s termed symbo l i c i n t e r p r e t a t i o n 
[Samet76] w h i c h i n t e r p r e t s p r o c e d u r a l d e s c r i p t i o n s 
o f low l e v e l machine o p e r a t i o n s t o b u i l d the 
i n t e r m e d i a t e r e p r e s e n t a t i o n . T h i r d , a check must 
be pe r fo rmed of the e q u i v a l e n c e of the two 
r e p r e s e n t a t i o n s . T h i s check i s in the fo rm o f a 
p rocedu re w h i c h a p p l i e s e q u i v a l e n c e p r e s e r v i n g 
t r a n s f o r m a t i o n s t o the r e s u l t s o f the f i r s t two 
s t e p s in a t t e m p t i n g to reduce them to a common 
r e p r e s e n t a t i o n . T h i s t e c h n i q u e has been a p p l i e d t o 
LISP and PDP-l0 assembly l anguage . 

ERRORS 

E r r o r s i n t he t r a n s l a t e d program t h a t a re 
caused by t h e t r a n s l a t i o n p rocess a re c a t e g o r i z e d 
i n t o f o u r c l a s s e s . E r r o r s o f the f i r s t c l a s s a re 
d e t e c t e d b y t h e s y m b o l i c i n t e r p r e t a t i o n p rocedu re 
w h i l e t he r e m a i n i n g t h r e e c l a s s e s a re d e t e c t e d 
d u r i n g the p r o o f p r o c e d u r e as c o m p u t a t i o n s a r e 
b e i n g matched i n the two i n t e r m e d i a t e 
r e p r e s e n t a t i o n s . 

( 1 ) E r r o r s p e r t a i n i n g t o the w e l l - i o r m e d n e s s o f the 
p rog ram i n c l u d e improper c a l l i n g sequences, 
i l l e g a l s t a c k p o i n t e r f o r m a t s , i l l e g a l 
o p e r a t i o n s o n c e r t a i n h i g h l e v e l da ta 
s t r u c t u r e s , e t c . 

( 2 ) A l l o f t he c o m p u t a t i o n s i n one o f the 
i n t e r m e d i a t e r e p r e s e n t a t i o n s were found t o 
e x i s t i n t h e o t h e r r e p r e s e n t a t i o n , but the 
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r e v e r s e is not t r u e . Such an e r r o r may a r i s e 
when c e r t a i n s i d e e f f e c t c o m p u t a t i o n s occur i n 
one of t he programs and not in the o t h e r . 
A l t e r n a t i v e l y , t h i s may a l s o a r i s e when c e r t a i n 
t e s t s a r e per fo rmed in one p rogram and no t in 
the o t h e r . 

(3 ) There a re o c c a s i o n s when each o f t h e 
i n t e r m e d i a t e r e p r e s e n t a t i o n s r e f l e c t s t he 
per fo rmance of the same c o m p u t a t i o n s a l o n g each 
e x e c u t i o n p a t h , y e t , the two r e p r e s e n t a t i o n s 
a r e no t i d e n t i c a l . T h i s o c c u r s when the 
r e s u l t s o f t h e , e x e c u t i o n pa ths a re d i i f e r e n t . 

(4 ) The a c t u a l p roof p rocedu re may reach a p o i n t at 
wh ich i t cannot c o n t i n u e . T h i s i s the case 
when a f u n c t i o n in the i n t e r m e d i a t e 
r e p r e s e n t a t i o n o i the low l e v e l program can no t 
be matched w i t h a f u n c t i o n in the I n t e r m e d i a t e 
r e p r e s e n t a t i o n c o r r e s p o n d i n g t o the o r i g i n a l 
h i g h l e v e l p rogram. 

E r r o r c o r r e c t i o n i s a d i f f i c u l t t a s k . I n 
[Samet77a] we show how the f o l l o w i n g h e u r i s t i c s a r e 
used to debug an i n c o r r e c t l y t r a n s l a t e d complex 
f u n c t i o n (105 i n s t r u c t i o n s ) . Whenever an e r r o r 
occu rs i n a f u n c t i o n , we d e t e r m i n e i f t he e r r o r i s 
caused by the wrong f u n c t i o n be ing a p p l i e d to a s e t 
o f arguments o r the c o r r e c t f u n c t i o n be ing a p p l i e d 
to the wrong set o f a rguments . Our approach is 
f i r s t t o a t t emp t t o c o r r e c t t h e f u n c t i o n . N e x t , a n 
a t t e m p t is made to c o r r e c t the a rguments . When 
c o r r e c t i n g a rguments , we know the a c c u m u l a t o r s 
wh ich must c o n t a i n the arguments and thus we can 
work backwards to de te rm ine where and when the 
wrong v a l u e s were computed and loaded i n t o the 
a c c u m u l a t o r s . O f t e n the debugg ing process i s a i d e d 
by t h e presence o f i n s t r u c t tons t h a t m a n i p u l a t e 
da ta t h a t w i l l no l o n g e r be r e f e r e n c e d i n the 
p rogram. Such i n s t r u c t i o n s o f t e n s e r v e as 
c a n d i d a t e s f o r removal and rep lacemen t by t h e 
c o r r e c t i n s t r u c t i o n . E r r o r s a l s o occur f r e q u e n t l y 
i n t e s t i n g the wrong sense o f a c o n d i t i o n . T h i s i s 
e s p e c i a l l y common w i t h a r i t h m e t i c r e l a t i o n s such as 
l e s s than and g r e a t e r t h a n . Such o c c u r r e n c e s a r e 
s i g n a l e d by the presence o f e r r o r s i n bo th s u b t r e e s 
o f a c o n d i t i o n i n c l o s e p r o x i m i t y ( i n terms o f t h e 
l o g i c a l f l o w o f the program) t o the i n s t r u c t i o n a t 
wh ich the c o n d i t i o n i s t e s t e d . T h i s can be 
c o r r e c t e d i n the f o l l o w i n g manner. Reverse the 
sense, o f the t e s t . I f a l l o f t he e r r o r s d i s a p p e a r , 
t h e n the d i a g n o s i s i s c l e a r l y c o r r e c t . i f some o f 
the e r r o r s d i s a p p e a r , t h e n the d i a g n o s i s i s q u i t e 
l i k e l y t o b e v a l i d . The p r e v i o u s i s e s p e c i a l l y 
t r u e i f a t l e a s t one e r r o r i n each subtree-
d i s a p p e a r s a f t e r making the change. Note t h a t 
chang ing the sense of the t e s t may l e a d to new 
e r r o r s . However, as l o n g as some of the c u r r e n t 
e r r o r s d i s a p p e a r , the c o r r e c t i o n i s l i k e l y t o b e 
v a l i d . 

The above h e u r i s t i c s were used in a manual 
p rocess to debug the e r roneous p rogram. We b e l i e v e 
t h a t many o f these e r r o r s c o u l d be c o r r e c t e d 
a u t o m a t i c a l l y . However, t h e r e i s a need to 
c o n t i n u e e x e r c i s i n g the p r o o f system w i t h e r r o n e o u s 
encod ings t o d e t e r m i n e i t any more e r r o r c o r r e c t i o n 
h e u r i s t i c s can be d i s c o v e r e d . 
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