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Abe t rac t 

A r e s o l u t i o n - b a s e d theorem p rove r , i n co rpo 
r a t i n g a r e s t r i c t e d h i g h e r - o r d e r u n i f i c a t i o n a l g o 
r i t h m , has been app l i ed to the automat ic syn thes is 
of SN0B0L-4 programs. The set of premisses i n 
c ludes second-order assignment and i t e r a t i o n a x i 
oms de r i ved f rom those of Hoare. Two examples are 
g i ven of the syn thes i s of programs t h a t compute 
e lementary f u n c t i o n s . 
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The automat ic syn thes i s of computer programs, 
l i k e t h e i r automat ic v e r i f i c a t i o n , r equ i r es a set 
o f r u l e s or axioms to account f o r such t y p i c a l 
program fea tu res as assignment, i t e r a t i o n and 
b ranch ing , and a program capable of making appro 
p r i a t e deduct ions on the bas is of these r u l e s or 
axioms. . F o l l o w i n g c u r r e n t work of Luckham and 
Buchanan and Manna and V u i l l e m i n we have chosen 
a set of axioms based on those of Hoare5 , and we 
are employing a r e s o l u t i o n - b a s e d theorem prover 
i n c o r p o r a t i n g a r e e t r i c t e d h i g h e r - o r d e r u n i f i c a 
t i o n a l g o r i t h m to generate SNOBOL-4 programs from 
t h i s s e t . 

To a id the f o r m u l a t i o n of s tatements about 
programs, Hoare invented the n o t a t i o n 

whose i n t e r p r e t a t i o n 1st " I f the a s s e r t i o n P is 
t r u e be fo re i n i t i a t i o n of a [piece of )program Q, 
then the a s s e r t i o n R w i l l be t r u e on i t s comple-
t i o n ' " * . ThUs, h i s "axiom of assignment" 

DO Pn { x , - f ] P 

says t h a t i f P is t rue be fore f is assigned to x 
then P w i l l be t r u e a f t e r t h i s assignment, where 
"x la a v a r i a b l e i d e n t i f i e r " , " f is an exp ress ion " 
and "P is ob ta ined f rom P by s u b s t i t u t i n g f f o r 
a l l occurrances o f x " j and h i s " r u l e o f i t e r a t i o n " 

Bays t h a t i f P i s "an a s s e r t i o n which i s always 
t rue o n comp le t ion o f S , p rov ided t h a t i t i s a lso 
t r u e o n i n i t i a t i o n " , then " P w i l l s t i l l b e t r u e 
a f t e r any number of i t e r a t i o n s of the statement S 
(even no i t e r a t i o n s ) " . The c o n t r o l l i n g c o n d i t i o n 
B or the " w h i l e l o o p " may be assumed to be t r u e 
be fore exeou t ion of S, and w i l l be f a l s e upon 
t e r m i n a t i o n o f the l o o p . 

The above n o t a t i o n i s , f o r a l l i t s e legance, 
not the most convenient f o r use by a p red ica te 
c a l c u l u s theorem p r o v e r . A c c o r d i n g l y , we have 
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I n the a p p l i c a t i o n o f second-order l o g i c t o p r o 
gram syn thes i s we have so f a r found no need f o r an 
e q u i v a l e n t of the e l i m i n a t i o n r u l e , nor do we need 
a n i t e r a t i o n r u l e s ince b y d e f i n i t i o n t h i s a p p l i e s 
on ly to languages of order h igher than two (see 
P i e t r z y k o w s k i and Jensen8 f o r the fo rma l d e f i n i 
t i o n s o f these r u l e s ) . Huet9 a lso dispenses w i t h 
these l a t t e r two r u l e s , but in a way t h a t p r e 
serves deduc t i ve completenees. Our a l g o r i t h m is 
a c t u a l l y an incomple te one f o r w - o r d e r , r a t h e r 
than j u s t second-order , l o g i c , the e s s e n t i a l r e 
s t r i c t i o n be ing t h a t , s ince the u n i f i c a t i o n o f 
f j ( x . , x „ , . . , , x ) and B proceeds by t r y i n g to match 
the xi w i t h we l l - f o rmed p ieces of B, B must ac 
t u a l l y c o n t a i n we l l - f o rmed pieces of the same type 
as the x i . Our program has in f a c t proved some 
theorems of o rder h igher than two , such as the 
example in s e c t i o n 5 of P i e t r z y k o w s k i ' s and Jen
sen 's paper1 . 

The gene ra t i on o f r e s o l v e n t s , l i k e the u n i 
f i c a t i o n a l g o r i t h m , i s based on the f i r s t - o r d e r 
prooedure, i n t h a t the s u b s t i t u t i o n s generated i n 
the course o f u n i f y i n g two l i t e r a l s are app l i ed to 
the d i s j u n c t i v e l y connected " rema inders " ( t h a t i s , 
l i t e r a l s not be ing reso lved on) o f the two c lauses 
be ing r e s o l v e d , the one impor tan t d i f f e r e n c e be ing 
t h a t l ambda-norma l i sa t ion i s a p p l i e d d u r i n g the 
s u b s t i t u t i o n prooess i n order t o e l i m i n a t e lambda-
f una t i ons f rom the r e s o l v e n t wherever p o s s i b l e . 
The order of gene ra t i ng reso l ven te is based on the 
"S-L r e s o l u t i o n " method f o r f i r s t - o r d e r l o g i c o f 
Kowalsk i and Kuehner11, and is e s s e n t i a l l y a 
" d e p t h - f i r s t " search s t r a t e g y w i t h r e s o l u t i o n on ly 
o n f i r s t l i t e r a l s o f c l auses , but w i t h the a i d o f 
a set o f r e d u c t i v e r u l e s t h a t per fo rm a l g e b r a i c 
s i m p l i f i c a t i o n s or t r a n s f o r m a t i o n s on the c lauses 
genera ted . Among the problems so lved by our p r o 
gram are the c o n s t r u c t i o n of SNOBOL programs f o r 
computing the f a o t o r l a l f u n c t i o n and f o r i t e r a t i v e 
d i v i s i o n ! the computer p r i n t o u t s are g i ven f o l 
low ing the t e x t . By way of e x p l a n a t i o n , axioms 
CL1 - CL3 are e q u i v a l e n t to those g i ven in the 
t e x t , bu t w i t h the order o f l i t e r a l s changed and 
w i t h some i m p l i c a t i o n s expressed in terms of con-
J u n c t i o n and n e g a t i o n , f o r more e f f e c t i v e a p p l i 
c a t i o n o f " f i r s t - l i t e r a l r e s o l u t i o n " and f o r e n 
s u r i n g t h a t the r e s u l t i n g p roo fs w i l l b e l i n e a r . 
CL4 in each of the examples fo rmu la tes the p r o b 
lem) H and N are i n p u t v a r i a b l e s , and J and K 
are ou tpu t v a r i a b l e s . In example 1 , CL4 says t h a t 
i f there is a s t a t e S1 in whioh K has the same 
va lue as J I where J has the same va lue as N ( i n 
o the r words , i f K has the same va lue as N t ) , then 
s1 is an answer. In example 2, CL4 says t h a t i f 
K has the same va lue as H - (Jn N) where the va lue 
of K is l ess than t h a t of N ( in order wordB, i f 
H ■ J .N + K, K< N) in s1, then s1 is an answer. 
Both of these examples were taken from Manna and 
Wald inger13. Of the r e d u c t i v e r u l e s e x h i b i t e d by 
the examples, Rule 2 t rans fo rms ( x + 1 ) ! i n t o 
( x ! ) . ( x + 1 ) ; Ru le 3 t rans fo rms x - ( ( y + 1 ) . z ) x i n t o 
{x - y . z ) - z; Rule04 reduces 0 . x , x.O or 0 to 
0| Rule 5 reduces x or 01 to 1t Rule 6 reduces 
0+x, x+0 or x - 0 to x, and Rule 8 is a " f rame" r u l e 
t h a t reduces I N ( l D E R T ( x . , x 2 ) , e . ( s 2 ) ) t o 
IN( IDENT(X1,X2) , s 1 ) , p rov ided t h a t s2 "does n o t 
a f f e o t " x . o r x2 . Host o f these r u l e s are p u r e l y 
ad hoo and are chosen w i t h the p a r t i c u l a r examples 
in v iew; f o r se r ious program syn thes i s one would 
need a more s y s t e m a t i c a l l y organised a l g e b r a i c 
a i m p l i f i e r . F i n a l l y , there i s a r o u t i n e c a l l e d 
"ANSPRIST" t h a t po l i shes up the answer and p r i n t s 
i t out i n the c o r r e c t SHOBOL l i n e - b y - l i n e f o r m a t , 
though i t may be noted t h a t t he sample programs 
are no t as " s i m p l e " as they cou ld be. Running 

t imes f o r examples o f t h i s genera l type are t h ree 
to f i v e minutes on the IBM 360/50 at the GMD in 
Bonn. The theorem-prov ing program, l i k e the p r o 
grams genera ted , is coded in SH0B0L-4* Apar t f rom 
l i n e d i v i s i o n s , the ou tpu t i s a n exact t r a n s c r i p 
t i o n o f the computer p r i n t o u t s . 
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