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A b s t r a c t 

Des i red a l g o r i t h m s to be syn thes i zed are desc r i bed 
i m p l i c i t l y by example problems t h a t the a l g o r i t h m s 
shou ld s o l v e . The example problems are f i r s t 
so lved by the problem-solver LAWALY. The o b t a i n e d 
s o l u t i o n rep resen t s a t r a c e o f the d e s i r e d a l g o ­
r i t h m . From the t r a c e , the a l g o r i t h m i s s y n t h e ­
s i zed by the s y n t h e s i z e r SYN. SYN w r i t e s r e c u r ­
s i ve programs w i t h repeat s t a t e m e n t s , and gene­
ra tes i t s own s u b r o u t i n e s . Examples o f f u n c t i o n s 
syn thes i zed i n c l u d e r e p e t i t i v e robo t t asks and 
t r e e t r a v e r s a l a l g o r i t h m s . 

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

A program s y n t h e s i z e r t r a n s f o r m s the i m p l i c i t o r 
e x p l i c i t d e s c r i p t i o n o f a n a l g o r i t h m i n t o e x e c u t ­
ab le code. A l though a comp i l e r f o r a h i g h l e v e l 
language might be cons idered a s y n t h e s i z e r , s i nce 
i t t r ans fo rms a n a l g o r i t h m w r i t t e n i n the language 
i n t o execu tab le machine code, g e n e r a l l y d i s c u s s ­
ions o f program s y n t h e s i z e r s are r e s t r i c t e d to 
those systems which t r a n s f o r m i n t o code d e s c r i p ­
t i o n s wh ich a re " f a r " f rom be ing e x e c u t a b l e . The 
concept o f " f a r " i s r e l a t i v e to a s t a t e o f know­
ledge . For example, some s y n t h e s i z e r s accept d e ­
s c r i p t i o n s o f a l g o r i t h m s in the p r e d i c a t e c a l c u l u s . 
On the o the r hand, Kowalsk i (1) has argued in 
favo r of a p r e d i c a t e c a l c u l u s programming language. 
When a comp i l e r f o r such a programming language is 
a v a i l a b l e , we can expect t h a t some s y n t h e s i z e r s 
w i l l l ose t h e i r " r a i s o n d ' e t r e " . 

Approaches to program s y n t h e s i s can be d i s t i n g ­
u ished acco rd ing t o the d e s c r i p t i o n s o f the a l ­
g o r i t h m to be s y n t h e s i z e d . P r o p e r t i e s o f the a l ­
g o r i t h m can be g i ven to the s y n t h e s i z e r , expressed 
in a programming language (2) or a l o g i c a l c a l ­
cu lus ( 4 - 7 ) . A theorem-prover i s used to e x t r a c t 
the syn thes i zed program. Th is approach s u f f e r s 
f rom d i f f i c u l t i e s i n o b t a i n i n g a x i o m a t i z a t i o n s , 
and f rom the l a c k of power of present t h e o r i m ­
p r o v e r s . 

Another approach ( 8 , 9 ) s t a r t s f rom the t r a c e s t h a t 
the a l g o r i t h m would have p r o d u c e d - i f i t e x i s t e d -
on some p a r t i c u l a r t e s t cases . The t r a c e s are 
g e n e r a l i z e d t o the syn thes i zed program. I n t h i s 
way, a v a r i e t y of l o o p i n g programs have been o b ­
t a i n e d . Th i s approach s u f f e r s from the ted ium e x ­
per ienced by human be ings in p roduc ing t r a c e s , and 
f rom the e r r o r s t h a t a l l too o f t e n manage t o creep 
i n t o the t r a c e s . The above approaches are de­
s c r i b e d more f u l l y i n s e c t i o n 2 . 

We present here a nove l approach to s y n t h e s i s . 
The program to bo syn thes i zed is desc r i bed i m p l i ­
c i t l y by sample problems tha t are assumed to be 
t y p i c a l o f the c l a s s o f problems tha t the program 
shou ld s o l v e . The sample problems are f i r s t 
so lved by the p r o b l e m - s o l v e r LAWALY ( 1 0 - 1 2 ) . The 
ob ta ined s o l u t i o n s are t r a c e s which are g e n e r a l ­
i zed to the syn thes i zed programs. Other e f f o r t s 
t o syn thes i ze programs g i ven i n p u t - o u t p u t p a i r s . 

but w i t h o u t the use of a p r o b l e m - s o l v e r , a r c des ­
c r i b e d i n ( 1 4 , 1 5 ) . 

Our s y n t h e s i z e r SYN has generated r e c u r s i v e p r o ­
grams w i t h repeat s t a t e m e n t s . SYN w r i t e s its own 
s u b r o u t i n e s . The s y n t h e s i s process i s t o t a l l y 
au toma t i c once sample p rob lems, and the e lementa ry 
o p e r a t i o n s necessary to so l ve the p rob lems, have 
been g i v e n . 

SYN is a r unn ing system programmed in L ISP. The 
behav io r of SYN is e x e m p l i f i e d by s e v e r a l sample 
p rob lems. 

2 . Approaches to Program Syn thes i s 

2 .1 P r o p e r t i e s o f Programs. 

In many approaches to program s y n t h e s i s , the s y n ­
t h e s i z e r i s g i ven a d e s c r i p t i o n o f p r o p e r t i e s o f 
t he d e s i r e d program in some language, f o r example 
l o g i c a l c a l c u l i o r a programming language. 

2 . 1 . 1 P r o p e r t i e s in a Programming Language. 

S l k l o s s y (2) has desc r i bed a s y n t h e s i z e r wh ich 
accepts p r o p e r t i e s o f a l g o r i t h m s expressed i n L ISP. 
Examples of such p r o p e r t i e s a r e : (EQUAL (TIMES A 
(PLUS B C)) (PLUS (TIMES A B) (TIMES A C ) ) ) and 
(EQUAL (APPEND A (APPEND B O) (APPEND (APPEND A 
B) C ) ) . The s y n t h e s i z e r uses a p r o p e r t y p rover 
s i m i l a r to t h a t o f Boyer and Moore ( 3 ) . 

2 . 1 . 2 P r o p e r t i e s i n L o g i c a l C a l c u l i . 

Severa l s y n t h e s i z e r s accept d e s c r i p t i o n s o f p r o p ­
e r t i e s o f a l g o r i t h m s i n the p r e d i c a t e c a l c u l u s 
(Wa ld inge r , Lee and Manna, 4 , 5 , 6 ) . A theorem p r o v ­
e r i s used t o syn thes i ze the a l g o r i t h m . Other l o g ­
i c a l c a l c u l i have been used , f o r example by Luckham 
and Buchanan (7) in a s y n t h e s i z e r t h a t p e r m i t s man-
machine i n t e r a c t i o n . 

2.2 Traces o f the A l g o r i t h m 

The approaches desc r i bed in s e c t i o n 2 .1 s u f f e r f rom 
s e v e r a l drawbacks: a ) I t i s o f t e n d i f f i c u l t , i f 
no t downr igh t p a i n f u l a t t i m e s , t o g i v e adequate 
a x i o m a t i z a t i o n s o f a l g o r i t h m s and t h e i r a s s o c i a t e d 
da ta s t r u c t u r e s , b ) Among the major d i f f i c u l t i e s 
encountered i n the approaches v i a l o g i c a l c a l c u l i 
( s e c t i o n 2 . 1 . 2 ) i s the requ i rement t h a t the a x i o -
m a t i z a t i o n be comple te . I f some p r o p e r t y o f the 
a l g o r i t h m o r data s t r u c t u r e i s not i n c l u d e d , the 
theorem-prover used by the s y n t h e s i z e r cannot com­
p l e t e a p r o o f , and no a l g o r i t h m is s y n t h e s i z e d . 
Th i s d i f f i c u l t y does not e x i s t i n the approach v i a 
programming language d e s c r i p t i o n (sec t ion 2 . 1 , 1 ) , 
s i nce the s y n t h e s i z e r can produce p a r t i a l syn theses 
which immedia te ly r e s u l t i n demands f o r a d d i t i o n a l 
p r o p e r t i e s , c ) P r e s e n t l y a v a i l a b l e theo rem-p rove rs 
i n p a r t i c u l a r f o r l o g i c a l c a l c u l i , appear too weak 
t o syn thes i ze d i f f i c u l t p rograms. U n t i l the t h e ­
o rem-provers become more p o w e r f u l , the l o g i c a l 
c a l c u l i approach has been c a l l e d "no t p r a g m a t i c " 
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by i t s own suppo r te r s ( 6 ) . 

Human beings o f t e n understand a g iven program by 
e x e c u t i n g (o r s i m u l a t i n g the e x e c u t i n g o f ) the a l ­
g o r i t h m on some t e s t cases , i . e . by c o n s i d e r i n g 
t r a c e s o f the a l g o r i t h m . S i m i l a r l y , human be ings 
o f t e n p r e f e r to have a d e s i r e d a l g o r i t h m ( t o be 
programmed) exp la i ned to them by a d e s c r i p t i o n of 
the behav io r of the a l g o r i t h m on some p a r t i c u l a r 
sample p rob lem, i . e . , i n terms o f t r a c e s . B i e r -
mann ( 8 , 9 ) has desc r i bed a s y n t h e s i z e r which ac ­
cepts the t r a c e s of an a l g o r i t h m to be s y n t h e s i z e d . 
The t r a c e s a re assumed to be equal to the t r a c e s 
t h a t the d e s i r e d a l g o r i t h m ( i f i t e x i s t e d ) would 
have produced on the same t e s t cases. The s y n ­
t h e s i z e r g e n e r a l i z e s the t r aces to a program which 
does produce the c o r r e c t t r a c e s on the sample t e s t 
cases. The programs syn thes i zed i n c l u d e l o o p s , 
and s u b r o u t i n e s i f these were s p e c i f i e d in the 
t r a c e s . 

2 .3 Example Problems 

Biermann (personal communicat ion) has repo r t ed 
t h a t i n p u t t i n g the t r aces by hand was not o n l y t e ­
d i o u s , but cou ld not always be done w i t h o u t the 
i n c l u s i o n of e r r o r s in the t r a c e s . We have t h e r e ­
f o r e been led to automate the p r o d u c t i o n o f t r a c e s , 
bo th to avo id e r r o r s and to e l i m i n a t e a t ed i ous 
t a s k . 

In our s y n t h e s i z e r , SYN, the i n p u t s are s p e c i f i c , 
sample problems b e l o n g i n g to the c l a s s of problems 
which the a l g o r i t h m to be syn thes i zed shou ld s o l v e . 
The human be ing is saved the ted ium of p roduc ing 
t r a c e s . I n a d d i t i o n , the d e s c r i p t i o n o f the d e ­
s i r e d a l g o r i t h m is not g i ven under any f o rm . The 
user of the s y n t h e s i z e r has the same r e l a t i o n s h i p 
w i t h the s y n t h e s i z e r as he has w i t h a systems p r o ­
grammer: he on ly desc r i bes problems to be s o l v e d . 
I t i s the s y n t h e s i z e r ' s t a s k , a s i t i s the system 
p rog rammer ' s , to deve lop an a l g o r i t h m t h a t so lves 
the sample p rob lems, and in a d d i t i o n a reasonable 
c l a s s of more genera l problems t h a t i n c l u d e the 
sample prob lems. 

The problems inpu t to SYN are so lved by the p r o b ­
lem - s o l v e r LAWALY (10-12) which produces a s o l u t i o n 
which i s i n t e r p r e t e d as the t r a c e o f the d e s i r e d 
a l g o r i t h m . The t r a c e is then gene ra l i zed to an 
a l g o r i t h m . The s y n t h e s i z e r p r o p e r , a l s o c a l l e d 
SYN, which produces programs from the t r a c e s , 
bears almost no resemblance to B iermann 's s y n t h e ­
s i z e r . Whi le Biermann produced l o o p i n g programs, 
SYN w r i t e s r e c u r s i v e programs w i t h repeat s t a t e ­
ments in a language s i m i l a r to LISP. SYN a l so 
generates i t s own s u b r o u t i n e s . 

Since the problem s o l v e r LAWALY has been desc r ibed 
elsewhere i n the l i t e r a t u r e , we s h a l l concen t ra te 
on the s y n t h e s i z e r p rope r . S i n c e , as we have 
argued, programs are best understood by d e s c r i b i n g 
t h e i r t r a c e on a sample prob lem, we s h a l l e x h i b i t 
the behav io r of SYN on a s imp le sample prob lem. 

3. SYN on a Simple Sample 

We cons ide r a s imp le p rob lem, i l l u s t r a t e d in F i g ­
ure 1. A robo t is on ground X. She ho lds a f l a g 
FLAG. She can c l imb f rom X on boxes A, B, and C, 
one a f t e r the o t h e r . On the top box C she can 
p l a n t the f l a g . We want the robo t to p l a n t the 
f l a g and r e t u r n to the ground X. 

As in ( 1 0 - 1 3 ) , the wo r l d is desc r ibed by a set of 
t r u e f a c t s , and the c a p a b i l i t i e s o f t he robo t a re 
g i ven by e lementary o p e r a t o r s . The format of each 
o p e r a t o r i s : (operator-name ( l i s t o f arguments) 
( se t o f p r e c o n d i t i o n s o f the o p e r a t o r ) ( d e l e t e 
set of the o p e r a t o r ) (add set of the o p e r a t o r ) ) 
For an ope ra to r to be a p p l i c a b l e to the w o r l d OW, 
the p r e c o n d i t i o n s o f the ope ra to r must be s a t i s ­
f i e d in OW. As the r e s u l t o f the a p p l i c a t i o n of 
the o p e r a t o r , the wo r l d changes i n t o a new w o r l d 
NW g i ven by : 

F igu re 2 l i s t s the ope ra to r s r e l e v a n t to the exam­
p l e t a s k . In a more complex w o r l d , a more c a r e f u l 
a x l o m a t i z a t i o n cou ld be necessary ( 1 3 ) . F i g u r e 3 
shows the sequence of ope ra to r s wh ich c o n s t i t u t e s 
the s o l u t i o n t r a c e found by LAWALY to the p r o b l e m . 
Each s tep o f the s o l u t i o n i s indexed by ( E i ) f o r 
subsequent r e f e r e n c e . 
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The semant ics of ODBOL are as f o l l o w s : 

- When a f u n c t i o n F is c a l l e d , the f o r m a l parame­
t e r s o f F a re bound to the a c t u a l parameters o f 
the c a l l . 
- Having bound the parameters , each <block> in the 
<body> i s scanned f rom l e f t t o r i g h t u n t i l a n < i f -
pa r t> is found to be t r u e . The co r respond ing <o-
p a r t > i s then execu ted . ( I f n o < i f p a r t > i s t r u e 
and the <body> is exhaus ted , then an e r r o r has 
o c c u r r e d . ) 
- The <op>s w i t h i n the b l o c k are executed f rom 
l e f t t o r i g h t , as i n the PROG f e a t u r e i n LISP. I f 
the <op> i s a f u n c t i o n c a l l , the i n d i c a t e d f u n c ­
t i o n i s executed w i t h the i n d i c a t e d arguments . 
Otherwise the <op> is executed and c o n t r o l passes 
to the next <op>. An END Is t r e a t e d as a RETURN 
statement in a LISP PROG. A REPEAT s ta tement is 
e q u i v a l e n t to a t r a n s f e r to the top o f the <block>, 
un less the b l o c k c o n d i t i o n i s now f a l s e , i n which 
case c o n t r o l i s passed to the nex t s ta tement ( a l ­
ways an END a c c o r d i n g to the s y n t a x . ) 
- In the case of EXISTS, the i d e n t i f i e r s in the 
< i d n l i s t > a re bound be fo re e n t e r i n g the b l o c k , and 
these b i n d i n g s ho ld th roughout the r e s t o f the 
b l o c k . I f more than one p o s s i b l e b i n d i n g i s found 
f o r an i d e n t i f i e r , then one o f the b i n d i n g s i s 
chosen a r b i t r a r i l y . (REPEAT s ta tements or r e c u r ­
s i o n w i l l make the system cons ide r s e v e r a l o f the 
p o s s i b l e b i n d i n g s . ) 

3.2 Arguments of t he F u n c t i o n . 

The f u n c t i o n to be syn thes i zed must be g i v e n a l i s t 
of arguments. To s e l e c t the arguments , we c o n s i d ­
e r the p r e c o n d i t i o n s o f the f i r s t o p e r a t o r i n the 
t r a c e . The p r e c o n d i t i o n s are ranked a c c o r d i n g to 
a h i e r a r c h y (see 1 0 ) . The lowest ranked p r e c o n d i ­
t i o n , co r respond ing t o the most r e s t r i c t i v e p r e ­
c o n d i t i o n , i s s e l e c t e d . I t s arguments become the 
arguments o f the f u n c t i o n . 

In our example, among the p r e c o n d i t i o n s o f t he o p ­
e r a t o r ( c l i m b X A ) , the most r e s t r i c t i v e one i s 
( on rb t X ) , hence X is s e l e c t e d as the argument of 
the f u n c t i o n ( c a l l i t FF) t o b e b u i l t . 

I f the f i r s t o p e r a t o r i s t o some e x t e n t i n c i d e n t a l 
t o the s o l u t i o n , t h i s approach would appear u n s a t ­
i s f a c t o r y . However, as i s shown in s e c t i o n 4 . 2 , 
SYN w i l l t hen genera te a f i r s t f u n c t i o n wh ich a c ­
compl ishes the I n c i d e n t a l work , and c a l l s ano ther 
f u n c t i o n wh ich per forms the s i g n i f i c a n t t a s k s . 

The l i n e re fe rences cor respond to the o rde r i n 
wh ich the l i n e s o f code are gene ra ted . 

So f a r , we have l i n e L I o n l y . The < i f p a r t > o f t he 
< b l o c k > comes f rom the p r e c o n d i t i o n s f o r ( c l i m b 
X A ) , namely (on A X) and ( o n r b t X ) . The l a t t e r 
p r o v i d e d us w i t h the v a r i a b l e X. (on A X) i nvo l ves 
a new o b j e c t . A, so an EXISTS c o n s t r u c t is i n t r o ­
duced. We o b t a i n l i n e L2 . Having used E l , we 
c o n s i d e r E2. Since the o p e r a t o r s in E2 and El a re 
the same, r e c u r s i o n i s a t t e m p t e d , y i e l d i n g l i n e 
L3. The r e c u r s i o n is on A, s i nce A occup ies the 
same p o s i t i o n in E2 as X d i d in E l . 

The new program i s executed to v e r i f y t h a t i t c o n ­
forms w i t h the t r a c e . I n f a c t , not on ly E l and 
E2 agree w i t h the program, but E3 ae w e l l . As we 
t r y t o execute (FF C ) , the c o n d i t i o n (EXISTS ( a l ­
pha) (on a lpha C)) i s no t s a t i s f i e d i n the w o r l d , 
hence the t e s t f a i l s , and we need to w r i t e new 
code. From the p r e c o n d i t i o n s o f p l a n t f l a g in E4, 
we genera te a second t e s t in the CONDi t i ona l , l i n e 
L4. No t i ce how the cons tan t FLAG becomes a v a r i ­
a b l e . P r e v i o u s l y , the ground X a l s o became a v a r ­
i a b l e . 

We nex t cons ide r E5: (unc l imb C B ) . The constants 
C and B In E5 are the name ones t h a t were c u r r e n t 
i n the c a l l (FF B ) . (As the p a r t i a l programs a re 
execu ted , a l l c o n t e x t s a re saved f o r subsequent 
e x a m i n a t i o n , i f necessa ry . ) Hence, i t appears 
t h a t a change of r e c u r s i v e l e v e l has taken p l a c e , 
s i n c e B is unknown in the c a l l (FF C ) . Hence, we 
t e r m i n a t e the p l a n t f l a g p a r t o f the program by 
add ing END, l i n e L5 - w h i c h f o r c e s a r e t u r n to the 
p r e v i o u s r e c u r s i v e l e v e l - and by I n s e r t i n g an u n -
c l i Imh, l i ne L6 . 

Look ing at E6: (unc l imb B A ) , we n o t i c e t h a t the 
r e c u r s i v e con tex t i s changed a g a i n . Hence, an 
END is i n s e r t e d a f t e r the u n c l i m b , l i n e L7. Ae 
b e f o r e , new code must be checked aga ins t the t r a c e . 
In f a c t , even E7 is g e n e r a t e d , hence the s y n t h e ­
s i z e d program i s found comp le te l y s a t i s f a c t o r y . 

3.4 Comparison w i t h Human Programs. 

The au tho rs have asked s e v e r a l f r i e n d s and c o l l e a ­
gues to d e s c r i b e a g e n e r a l i z a t i o n to the s imp le 
sample problem o f F i g u r e 2 . I n v a r i a b l y , the s o ­
l u t i o n was o f the f o r m : 
-make a loop as the robo t c l imbs to the t o p ; 
- p l a n t the f l a g ; 
-make a loop as the robo t unc l imbs down to the 
g round . 

I t i s remarkab le t h a t the program syn thes i zed b y 
SYN is in f a c t " b e t t e r " than the v e r s i o n proposed 
by a l l humans ( i n c l u d i n g o u r s e l v e s ! ) as the most 
" n a t u r a l " s o l u t i o n . The s o l u t i o n FF can be des ­
c r i b e d as f o l l o w s : a s e r i e s o f r e c u r s i v e c a l l s 
leads the robo t up to the t o p ; she then p l a n t s t h e 
f l a g . Then, as the r e c u r s i v e c a l l s are undone, 
the robo t c l imbs down. So, i n p a r t i c u l a r , the 
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o p e r a t o r s ( c l i m b X A) and (unc l imb A X) are p a i r e d 
in the same f u n c t i o n c a l l , and t h e i r complementary 
r e l a t i o n s h i p is made t r a n s p a r e n t . By c o n t r a s t , 
the " c l i m b " and " u n c l i m b " o p e r a t o r s a re separa ted 
in the two d i s t i n c t , separa te loops in the human 
program. 

The above example does not i l l u s t r a t e a l l the cap ­
a b i l i t i e s of SYN. Some m o d i f i c a t i o n s of t he simple 
sample problem w i l l g i v e a more complete p i c t u r e o f 
SYN. 

3.5 REPEAT s t a t e m e n t s . 

I f the robo t ho lds s e v e r a l FLAGS, and p l a n t s a l l o f 
them on the top box, the second b l o c k of FF would 
be syn thes i zed as : 

Recurs ion cou ld a l s o have been used , but i t would 
d e f i n e (FF X) i n terms o f (FF X ) , the i n f i n i t e r e ­
c u r s i o n be ing avo ided because o f s i de e f f e c t s . 
Hence, a REPEAT s ta tement appears " c l e a n e r " and 
e a s i e r to implement. Some syn thes i zed programs 
c o n t a i n s e v e r a l embedded REPEAT s t a t e m e n t s , see 
s e c t i o n 4 . 4 . 

Hence the robo t c l i m b s on l y to B, then p l a n t f l a g 2 ' s 
( s i c ! ) . S y n t h e s i z i n g the p r o c e d u r e , we would gen ­
e r a t e l i n e s L1, L2 and L3 of code. When X is 
bound to B, FF would make the robo t c l imb on C, 
which i s not i n the t r a c e . Hence, a n < i f p a r t > i s 
i n s e r t e d to prevent the e x e c u t i o n o f (FF C ) . The 
p a r t i a l d e f i n i t i o n of FF3 now becomes: 
(FF3 (LAMBDA (X) (COND (L1) 
((EXISTS (FLAG C)(on C X ) ( t op C ) ( h o l d i n g FLAG)) 

BEGIN ( p l a n t f l a g 2 FLAG C X ) . . . ) ( L 4 ' ) 
f o l l o w e d by L2 and L3 . Of c o u r s e , SYN must v e r i f y 
t h a t t h i s new i n s e r t i o n does no t change the a g r e e ­
ment o f the program w i t h the e a r l i e r p a r t s o f the 
t r a c e . 

3.7 W r i t i n g new f u n c t i o n s . 

ODBOL does not a l l o w the b i n d i n g of v a r i a b l e s pas t 
the < i f p a r t > of a <block> . I f we want to t e s t whe­
t h e r t h e r e is a n i c e cube on A (which should be 
p i cked u p I f i t i s a l r eady m e l t i n g ) be fo re c a l l i n g 
FF a g a i n , we must have access to a v a r i a b l e t h a t 
can be bound to n i c e cubes. SYN would c a l l a new 
f u n c t i o n GG w i t h a d e f i n i t i o n s i m i l a r t o : 
(GG (LAMBDA (A) (COND 

((EXISTS (NICECUBE) ( m e l t i n g NICECUBE AT 
BEGIN (p i ckup NICECUBE A ) . . . 

Hence, we can see t h a t SYN f i g h t s the inc reased 
c o m p l e x i t y due to a d d i t i o n a l b i n d i n g s w i t h i n a 
<block> by c r e a t i n g new f u n c t i o n s t h a t absorb the 
b i n d i n g s . The c r e a t i o n o f new f u n c t i o n s i s a l s o 
h e l p f u l when the o r i g i n a l cho i ce o f f u n c t i o n 

parameters i s i n a p p r o p r i a t e (see s e c t i o n s 3.2 and 
4 . 2 ) . 

4. Some A d d i t i o n a l Syn thes ized Programs 

In t h i s s e c t i o n we d e s c r i b e some a d d i t i o n a l p r o b ­
lems t h a t were g i v e n to SYN, and the r e s u l t i n g 
s y n t h e s i z e d programs in ODBOL. Each prob lem was 
s y n t h e s i z e d i ndependen t l y and the a c t u a l computer 
o u t p u t s a re g i v e n . 

4 . 1 R e t u r n i n g t o the F i r s t S tep . 

We mod i f y the f i n a l s t a t e o f the f i r s t example 
problem by l e t t i n g the robo t f i n i s h on s tep A i n -

where F00002 i s i d e n t i c a l t o FF except f o r v a r i ­
ab le names. In the s o l u t i o n F00001, a s tep is 
c l imbed and a n a u x i l i a r y f u n c t i o n i s c r e a t e d , e s ­
s e n t i a l l y i d e n t i c a l t o FF, wh ich does the sym­
m e t r i c c l i m b i n g and u n c l i m b i n g , and p l a n t s the 
f l a g . The symmetry o f much o f the s o l u t i o n i s 
a p p a r e n t . 

4 .2 P i c k i n g up a backpack b e f o r e p l a n t i n g the 
f lag-

Befo re accomp l i sh i ng the same t a s k as in F i g u r e 1 , 
we r e q u i r e t h a t a backpack be p icked up as a f i r s t 
s t e p . Hence t h i s f i r s t s tep i s i r r e l e v a n t t o the 
main problem to be s o l v e d . The s y n t h e s i z e d p r o -

Where F00007 is i d e n t i c a l to FF. F00006 p i c k s up 
the backpack (now a v a r i a b l e ) and c a l l s an a u x i ­
l i a r y f u n c t i o n F00007, e s s e n t i a l l y i d e n t i c a l t o 
FF, wh ich does a l l t he work . 

T h i s problem shows t h a t SYN was not m i s l e d by i n ­
c i d e n t a l e a r l y a c t i o n s i n the t r a c e . 

4 .3 B ina ry Tree T r a v e r s a l s . 

Tree t r a v e r s a l a l g o r i t h m s are popu lar r e c u r s i v e 
a l g o r i t h m s . We s t a r t w i t h a t r e e , and d e s c r i b e 
the o rde r in wh ich the nodes shou ld be t r a v e r s e d . 
We s h a l l d e s c r i b e r e s u l t s f o r p o s t o r d e r ( i n o r d e r ) 
and p reo rde r t r a v e r s a l s . The t r e e i s shown in 
F igu re 5 . 
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In Our approach to program s y n t h e s i s , a program is 
d e s c r i b e d i m p l i c i t l y b y t y p i c a l problems t h a t i t 
shou ld s o l v e . Th i s d e s c r i p t i o n i s sometimes ve ry 
n a t u r a l and compact, as in the case o f t r e e t r a v e r -
s a l s , f o r example. We have desc r i bed o n l y a few 
programs among the many t h a t SYN s y n t h e s i z e d . The 
p r i n c i p a l d i f f i c u l t i e s o f the approach are t i e d 
w i t h a x i o m a t i z a t i o n s and the p r o b l e m - s o l v e r , s y n ­
theses f rom s e v e r a l p rob lems, and the q u e s t i o n o f 
t he c o r r e c t n e s s o f t he r e s u l t a n t programs. 

In a l l our examples, the t r a c e was o b t a i n e d by our 
p r o b l e m - s o l v e r LAWALY. I f we i n s i s t t h a t LAWALY 
(and not a human) genera te the t r a c e , we can s y n ­
t h e s i z e o n l y those programs w h i c h s o l v e prob lems 
in a c l a s s t y p i f i e d by some problems t h a t LAWALY 
can s o l v e . Of c o u r s e , we cou ld always bypass 
LAWALY and g i v e the t r a c e of a s o l u t i o n by hand. 
Moreover , t he t r a c e shou ld i n c l u d e the r e l e v a n t 
o p e r a t o r s and p r e d i c a t e s . For example, the t r a c e s 
o f the t r e e t r a v e r s a l a l g o r i t h m s must i n c l u d e the 
n o t i o n s o f l e f t and r i g h t b ranches , and d i r e c t i o n s 
f o r c l i m b i n g . The impor tance of a good a x i o m a t i z a -
t i o n must once aga in be emphasized ( 1 3 ) . 

U n t i l now, our syntheses a l l proceeded f rom a s i m ­
p l e t r a c e . Some programs might be so complex t h a t 
no s i n g l e prob lem would e x e m p l i f y f u l l y the c l a s s 
of problems to be s o l v e d . We a re a t t e m p t i n g to 
ex tend SYN to such cases . 

Once the program has been s y n t h e s i z e d , we know t h a t 
i t i s a g e n e r a l i z a t i o n o f the t r a c e i n p u t t o SYN, 
but do not know whether i t i s " c o r r e c t " . To dec ide 
whether the program is c o r r e c t , we must g i v e a d d i ­
t i o n a l p r o p e r t i e s o f t he p rogram, bes ides t y p i c a l 
problems t h a t I t shou ld s o l v e . The language ODBOL 
has a s t r u c t u r e wh ich would make p r o o f s of c o r r e c t ­
ness of ODBOL programs f a i r l y easy . 

We do not t h i n k t h a t any s i n g l e approach to program 
s y n t h e s i s i s f u l l y s a t i s f a c t o r y . As we m e n t i o n e d , 
the p r o b l e m - s o l v e r may be too weak to s o l v e some 
p rob lems , and i t m igh t be necessary t o i n p u t t r a c e s 
by hand. Sometimes, some aspec ts of t he program 
to be s y n t h e s i z e d a re bes t d e s c r i b e d as p r o p e r t i e s 
o f t h e program, g i ven e i t h e r i n a programming l a n g ­
uage o r a l o g i c a l c a l c u l u s . F i n a l l y , the v a r i o u s 
approaches to program s y n t h e s i s and c o r r e c t n e s s 
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shou ld be embedded in a man-machine env i ronment b e - 15- P r o j e c t MAC Progress Report X, Massachuset ts 
f o r e s i g n i f i c a n t advances i n the au tomat i c p roduc - I n s t i t u t e o f Techno logy , Cambridge, 1973, 
t i o n o f complex, q u a l i t y s o f t w a r e can be a c h i e v e d . 151-156. 
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