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ABSTRACT 
S ISP / i i s an i n t e r a c t i v e system whose goa l i s 

the a u t o m a t i c i n f e r e n c e o f LISP f u n c t i o n s f rom a 
f i n i t e s e t o f examples { ( x . , f ( x . ) ) ) where x . i s a 

l i s t b e l o n g i n g to the domain o f the f u n c t i o n f we 
want t o i n f e r . S ISP / I i s a b l e t o i n f e r the r e c u r ­
s i v e fo rm o f many l i n e a r r e c u r s i v e f u n c t i o n s and 
i t s s t o p - c o n d i t i o n . S ISP / l t r i e s t o work w i t h one 
example o n l y . When i t f a i l s , i t asks f o r new ones : 
u s i n g t h e n a method o f g e n e r a t i n g new p a r t i a l s u b -
p r o b l e m s , S ISP/ l i s a b l e t o p e r f e c t i t s g e n e r a t e d 
r e c u r s i v e f u n c t i o n u n t i l i t ge t s a c o r r e c t one. 

I . INTRODUCTION 
In t h i s paper we d e s c r i b e the system S I S P / l 

whose g o a l i s the a u t o m a t i c i n f e r e n c e o f LISP f u n c ­
t i o n s f rom a f i n i t e se t o f examples { ( x . , l ( x . ) ) } , 

where x . i s a l i s t b e l o n g i n g t o the domain o f the 
f u n c t i o n f we want to i n f e r . 

The p rob lem o r i g i n a t e s f rom a more g e n e r a l 
one : how to b u i l d a " L e a r n i n g - Q u e s t i o n - A n s w e r i n g -
System" ( L . Q . A . S . ) u s i n g a f u n c t i o n a l method to 
p r o v i d e an answer to any g i v e n q u e s t i o n . The me­
thod we p ropose i n S I S P / l i s n a t u r a l l y w e l l adap ­
ted to the L . Q . A . S . we are. d e v e l o p p i n g (6 .1 , 17 1. 

I n the f i e l d o f " A u t o m a t i c Programming f rom 
E x a m p l e s " , an i m p o r t a n t p i e c e o f r e c e n t work i s 
THESYS by SUMMERS L 5 J . The ma jo r r e s u l t of t h i s 
w o r k , i s the f o l l o w i n g : u s i n g a sma l l number o f 
w e l l chosen examples 
( ( N I L , f ( N I L ) ) , ( ( A ) , f ( ( A ) ) ) . . . } THESYS i s a b l e 
to i n f e r a r e c u r s i v e e x p r e s s i o n $ e q u i v a l e n t to f 
f o r eve ry x b e l o n g i n g to t he domain o f f . 

Only a s m a l l c l a s s o f f u n c t i o n s can however 
be o b t a i n e d by Summers's me thod , wh i ch works by l o o ­
k i n g f o r a r e c u r e n c e r e l a t i o n between r e p r e s e n t a t i ­
ve p r e d i c a t e s p . o f the g i v e n i n p u t s t r u c t u r e and 

f o r a r e c u r e n c e r e l a t i o n between the map f u n c t i o n s 
m . p r o v i d i n g the g i v e n o u t p u t s f r om the g i v e n i n ­
p u t s . Then , u s i n g a f i x e d p o i n t t h e o r e m , V i s c o n s ­
t r u c t e d . 

A l t h o u g h Summers's method i s v e r y p o w e r f u l i t 
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has f o u r i m p o r t a n t d r a w b a c k s : 
1 . - The c o n s t r u c t e d e x p r e s s i o n < p i s n e c e s s a r i l y 
r e c u r s i v e : f o r i n s t a n c e the i d e n t i t y f u n c t i o n w i l l 
be i n f e r e d by V ( x ) » if X * N IL t h e n NIL 

e l s e CONS (CAR(x ) , ^ ( C D R ( x ) ) ) 
2 . - THESYS needs w e l l chosen examp les , w h i c h i n 
p a r t i c u l a r must c o n t a i n the s t o p c o n d i t i o n o f t he 
r e c u r s i v e f u n c t i o n V . For i n s t a n c e , the c o n s t r u c ­
t i o n o f the f u n c t i o n REVERSE r e q u i r e s the f o l l o w i n g 
s e t o f examp les : 
{ ( N I L + N I L ) , ( ( A ) - ( A ) ) , ( ( A B) - (B A ) ) , 

( (A B C) + (C B A ) ) } 
3 . - The f u n c t i o n t o be c o n s t r u c t e d has t o p r e s e n t 
o n l y one " i t e r a t i v e l e v e l 1 1 . For i n s t a n c e , THESIS 
f a i l s t o c o n s t r u c t a c o r r e c t f u n c t i o n c o r r e s p o n d i n g 
to the examp le : (P Q R S) -> (P P Q P Q R P Q R S) . 
4 . - When THESYS has to s o l v e a d i f f i c u l t p r o b l e m , 
i t does n o t t r y t o g e n e r a t e a p a r t i a l , s i m p l e r 
p r o b l e m f o r w h i c h i t cou ld e i t h e r f i n d a c o r r e c t 
s o l u t i o n o r perhaps use a knowledge p r e v i o u s l y 
s t o r e d i n a d a t a base by the sys tem i t s e l f . Thus , 
THESYS cannot be e f f i c i e n t l y used in a L . Q . A . S . 
w i t h o u t i m p o r t a n t m o d i f i c a t i o n s . 

The method we propose in t h i s paper i s v e r y 
d i f f e r e n t i n p a r t i c u l a r , i t has the b u i l t c a p a c i t y 
t o use a P r o f e s s o r i n i n t e r a c t i v e mode. I t does 
no t l i e y e t o n any t h e o r i c a l g roundwork , b u t a l l o w s 
us to overcome some o f the p r e v i o u s d rawbacks , a l ­
though new ones appea r : 
- r e c u r s i o n i s no t a u t o m a t i c a l l y i n f e r e d by the 
s y n t h e s i s a l g o r i t h m ; f o r i n s t a n c e , u s i n g the exam­
p l e ( (A B C) -* (A B C ) ) , STSP/1 i n f e r s the f u n c t i o n 
<p v*p ( x ) = x f o r any x . 
- f o r some " s i m p l e " f u n c t i o n s , S'ISP/1 needs o n l y 
one example ( x , f ( x ) ) . 
I n the case where a r e c u r s i v e e x p r e s s i o n i s i n f e r e d , 
the s t op c o n d i t i o n i s t h e n found b y S ISP / l i t s e l f . 
However the. l i s t x must be l o n g enough to be r e ­
p r e s e n t a t i v e o f t he f u n c t i o n f . For i n s t a n c e , 
REVERSE is o b t a i n e d u s i n g the o n l y example 
( (A B C D) + (U C B A ) ) , bu t is no t o b t a i n e d w i t h 
( (A B C) > (C B A ) ) . 
- when the f u n c t i o n f is "more c o m p l i c a t e d " S ISP / l 
f a i l s t o c o n s t r u c t a c o r r e c t f u n c t i o n w i t h o n l y one 
example and i t t hen t r i e s t o work w i t h two examp les . 
- when the f u n c t i o n f is "much more c o m p l i c a t e d " , 
S I S P / l g e n e r a t e s a new p a r t i a l s i m p l e r p rob lem 
(y> & ( y ) ) where y is d e f i n e d in te rms of x and 
g ( y ) i s d e f i n e d i n terms o f f ( x ) . T o s o l v e t h i s 
new p r o b l e m , S ISP / l sometimes needs a new example 
( x 1 , f ( x ' ) ) w h i c h i s used t o deduce a n example 
( y ' » g ( y ' ) ) « The i n t e r a c t i o n i s o n l y used i n the 
sense o f a s k i n g f o r new examp les , when n e c e s s a r y . 
S I S P / l i s t h u s e x t e n s i b l e and has the p o t e n t i a l i t y 
to use a s e l f c o n s t r u c t e d knowledge d a t a b a s e . 

Some o b j e c t i o n s can be r a i s e d to our i n t e r a c ­
t i v e me thod : 
- when a f u n c t i o n f needs s e v e r a l examples to be 
i n f e r e d , the p r o f e s s o r sometimes has to g i v e an 
a p p r o p r i a t e sequence o f examp les . 
- we do no t e x a c t l y know the c l a s s of f u n c t i o n s 
w h i c h S I S P / l i s a b l e t o i n f e r . However, i t seems 
to be much l a r g e r t han THESYS one . For i n s t a n c e 
( ( P Q R S ) - » ( P P Q P Q R P Q R S ) ) i s i n f e r e d b y 
S I S P / l u s i n g o n l y one example whereas t h e HALF 
f u n c t i o n ( ( P Q R S T U) + (P Q R ) ) , wh i ch is i n f e r e d 
by THESYS, r e q u i r e s two examples by S I S P / l . I n f a c t , 
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we hope t h a t SISP w i l l be ab le to i n f e r a l a r g e r 
c l a s s o f l i n e a r r e c u r s i v e f u n c t i o n s . 

I I . GENERAL DESCRIPTION OF THE METHOD 
1. - L§ngu§ge 
S ISP / I i n f e r s f u n c t i o n s d e f i n e d o n c h a r a c t e r 

s t r i n g s " A B C D . . . " w h i c h w i l l b e r e p r e s e n t e d b y the 
l i s t (A B C D . . . ) . 

SISP/1 s y n t h e t i z e s L I S P - f u n c t i o n s b u i l t w i t h 
the f o l l o w i n g b a s i c f u n c t i o n s , d e s c r i b e d here b y 
ex amp1 e s : 
LCAR: (A B C D) -* (A) CDR: (A B C D) -> (B C D) 
LRAC: (A B C D) -+ (D) RDC: ( A B C D) -> (A B C) 
CONC: (A B ) , (C D) ■> ( A B C D ) 
CONCT: (A B ) , (C D ) , (E F) + (A B C D E F) 
PREF: ( B C ) , ( A B C D) •> (A) L P r e f i x of (B C) in 

( A B C D) ] 
SUFF: (B C ) , (A B C D) ■+ (D) I S u f f i x of (B C) in 

(A B C D ) j 
and a c o n t r o l s t r u c t u r e u s i n g COND and NULL. 

2 * ~ Not ion_of_tYp_e 
A t y p e is a se t o f l i s t s w h i c h can be d e f i n e d 

by r u l e s w h i c h are summarised as f o l l o w s [6 1: 
a ) the s e t o f known i n p u t s " x " and t h e se t o f o u t ­
p u t s " f ( x ) M o f the f u n c t i o n f t o be s y n t h e t i z e d are 
t y p e s . 
b) i f X is a t ype and f a LISP f u n c t i o n , t hen the 
se t o f o u t p u t s o f f r e s t r i c t e d to X as i n p u t is a 
t y p e . 
c) i f Y is a t ype and g a LISP f u n c t i o n t h e n the 
s e t X of x such as g ( x ) C- Y i s a t y p e . 

3«~ Segment^ ] . i_on_pat tern 
L e t f be a f u n c t i o n to be s y n t h e t i z e d and 

( x , f ( x ) ) a n example o f " i n p u t - o u t p u t " o f t h i s 
f u n c t i o n . 

SISP/1 uses a g e n e r a l h e u r i s t i c to c r e a t e an 
e x p r e s s i o n o f the f u n c t i o n : 
a) s e g m e n t a t i o n of s t r i n g s x and y = f ( x ) i n t o 
t h r e e c o n s e c u t i v e segments such t h a t : 

CONCT ( p x , c , sx) ■+ X 
CONCT ( p y , c, S y ) -► y 

where c d e n o t e s the l a r g e r s t r i n g common to x and 
y, px and py deno te the p r e f i x s of c in x and y, 
sx and sy d e n o t e t h e s u f f i x s of c in x and y. 
b ) b u i l d i n g o f r e l a t i o n s between these segments . 

A " S e g m e n t a t i o n P a t t e r n " o f ( x , y ) , f o r a l l x 
and y , i s d e f i n e d as the ne two rk shown i n f i g u r e I . 

We can see on t h i s n e t w o r k : 
- seven nodes r e p r e s e n t i n g t y p e s r e s p e c t i v e l y a s ­
s o c i a t e d t o the s t r i n g s x , y , c , p x , p y , s x , s y . 
- t w e l v e r e l a t i o n s be tween nodes . Each r e l a t i o n 
c o n s i s t s o f a f u n c t i o n and a scheme ( I , » I « , • • •> 

I -> J) w h i c h i n d i c a t e s t he i n p u t nodes I , I , . . . , 

I i n t h i s o r d e r and the o u t p u t node J . T h i s o r d e r n r 

i s r e p r e s e n t e d on the ne two rk by a d o u b l e a r r o w . 
Note t h a t f u n c t i o n s FX, FY, GPX, GPY, GSX, 

GSY a re b u i l t by SISP/1 u s i n g t h e b a s i c f u n c t i o n s 
LCAR, CDR, LRAC, RDC, and the c o m p o s i t i o n r u l e . 
They a r e choosen o f the l e s s p o s s i b l e c o m p l e x i t y 
( t h e s m a l l e s t number o f b a s i c f u n c t i o n s ) . 

I n some cases , the s e g m e n t a t i o n p a t t e r n i s 
s i m p l e r : 

- when one or s e v e r a l s t r i n g s a re empty ( N I L ) , 
. . t h e a s s o c i a t e d nodes a re suppressed f r o m t h e 
p a t t e r n . 

- when two s t r i n g s a r e e q u a l , t he a s s o c i a t e d 
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nodes are jo ined together . For ins tance, i f 
x and y are the same, the pa t te rn is reduced to one 
node; if x and y have no common p a r t , the pa t te rn 
is reduced to only two nodes. 

4*"" §Y.£lt}£sis fron}_on£_exam£le 
The s y n t h e s i s c o n s i s t s o f t h r e e s t e p s : 

a) SISP/1 g e n e r a t e s a n e t w o r k ( c a l l e d a " S e g m e n t a ­
t i o n S t r u c t u r e " ) b y t he f o l l o w i n g p r o c e s s : 

(1 ) Genera te the s e g m e n t a t i o n p a t t e r n o f 
( x , y ) . T h e g e n e r a t i o n g i v e s t he two s e t s o f p a i r s : 
{ ( px» p y ) , ( c , p y ) , ( s x , p y ) } K p x , s y ) , ( c , s y ) , ( s x , sy ) } 

(2 ) As l o n g as py and sy a r e n o t empty , choose 
one p a i r i n each se t by a h e u r i s t i c way ; f o r each 
o f these p a i r s , rename i t a s ( x , y ) and g o t o s t e p 1 . 
b ) SISP/1 l o o k s a t the s e g m e n t a t i o n s t r u c t u r e f o r 
a l a t t i c e i n w h i c h t h e m i n i m a l and f i n a l nodes are 
r e s p e c t i v e l y X and Y ( t h a t is x and y t y p e s ) . T h i s 
l a t t i c e i s s t e p w i s e c o n s t r u c t e d u s i n g A l g o r i t h m 1 , 
d e f i n e d a s f o l l o w s : 
Def i n i t i ons : 

- LAT i s the c o n s t r u c t e d p a r t o f t h e l a t t i c e 
a t any s t e p (excep t i n the f i n a l s t e p , LAT i s n o t 
a l a t t i c e ) . 

- an i n c o m p l e t e node of LAT i s a node such 
t h a t t he r e l a t i o n e n d i n g a t t h i s node ( i n LAT) 
owns some e n t r i e s w h i c h a re n o t connec ted to X . 
These nodes are c a l l e d u n s a t i s f i e d e n t r i e s . 

- BEG (Z) is the se t of nodes in LAT w h i c h 
a re l e s s t h a n Z and w h i c h a re no t u n s a t i s f i e d 
e n t r i e s . 

- P is a " p a t h " f r om BEG (U) to V, where U 
and V are nodes of LAT, i f P is an o r i e n t e d p a t h 
s t a r t i n g f rom one node b e l o n g i n g to BEG (U) and 
e n d i n g a t V . T h i s p a t h may c o n t a i n i n c o m p l e t e 
nodes t o g e t h e r w i t h t h e i r u n s a t i s f i e d e n t r i e s * 
Example of LAT: 

Nodes 6, 7, 11 a re i n c o m p l e t e nodes 
Nodes 12, 13, 14, 15 a re u n s a t i s f i e d e n t r i e s 
A l l o t h e r s nodes are comple te nodes . 
BEG (9 ) - {X , 1 , 2 , 7, 8} 

A l g o r i t h m 1 : 
1 . LAT «- X 
2. Look f o r a p a t h P between X and Y. 
3. Add p a t h P to LAT. 
4 . L f t h e r e i s no i n c o m p l e t e node i n LAT t h e n 

s t o p 
e l s e s e l e c t the m i n i m a l one and c a l l i t N . 
( I t can be d e m o n s t r a t e d t h a t A l g o r i t h m 1 
g e n e r a t e s a se t o f i n c o m p l e t e nodes w h i c h 
i s t o t a l y o r d e r e d o n L A T ) . 
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