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ABSTRACT 

Many l e a r n i n g - b y - e x a m p l e problems can be v iewed 
as i n f e r i n g s t r u c t u r e d non r e c u r s i v e p rocedures f rom 
se ts o f t h e i r t r a c e s knowing the b a s i c f u n c t i o n s 
and p r e d i c a t e s , used to w r i t e them. The o n - l i n e 
system PAPE does t h i s as f o l l o w s , an example ( d a t a 
♦ t r a c e ) is g i v e n . PAPE f i r s t checks whether the 
a l r e a d y l ea rned procedure g i ves the same t r a c e w i t h 
the g i v e n i n p u t d a t a . I f n o t , the t r a c e i s t r a n s ­
formed i n t o a procedure body ( i n 0 ( t p ) t i m e , where t 
i t i s the l e n g t h o f the t r a c e , and , p an i n t e g e r 
depending upon the procedure and the bas i c f u n c t i o n s 
and p r e d i c a t e s ) , and then merges t h i s body w i t h the 
a c t u a l one to get the new procedure body . 

0/ INTRODUCTION 

Many problems o f l e a r n i n g f rom examples ( e . g . : 
d raw ing o b j e c t s on a screen [v 2] , complex a c t i o n s 
of an i n d u s t r i a l r o b o t , commands of a computer s y s ­
tem, q u e r i e s of a d a t a b a s e . . . ) can be v iewed as 
i n f e r i n g n o n - r e c u r s i v e procedures f rom se ts o f t h e i r 
t r a c e s knowing the f u n c t i o n s and the p r e d i c a t e s used 
t o w r i t e them. 

These a p p l i c a t i o n s suggest t h a t we can r e s t r i c t 
o u r s e l v e s t o n o n - r e c u r s i v e p rocedures w r i t t e n i n 
PASCAL- l i k e language in wh ich : 

- t he re is no c o m p o s i t i o n o f f u n c t i o n s in an 
ass i gnmen t , and , of a f u n c t i o n and a p r e d i c a t e ( o f 
a l o o p , o r , o f a c o n d i t i o n a l ) . 

- a l l c o n s t a n t s are i n t r o d u c e d by an assignment 
(x := c o n s t a n t ) . 

- the se t s o f i d e n t i f i e r s o f v a r i a b l e s , and , 
o f f o rma l parameters o f the p rocedures are d i s j o i n t . 

- a l l p rocedures to s y n t h e s i z e are supposed 
s t r u c t u r e d . 

1/ THE SYSTEM PAPE 

We d e s c r i b e here a program named PAPE [ V 1],  
w h i c h , l i k e BIERMANN and KRISHNASWAMY'S program 

AUTOPROGRAMMER [B iK ] , is an o n - l i n e system l e a r ­
n i n g a n o n - r e c u r s i v e procedure (a s t r u c t u r e d one 
f o r PAPE) f rom a se t of t h i s t r a c e s , w h i l e SIKLOSSY 
and SYKES' program SYN [ s i s ] i n f e r s a r e c u r s i v e 
procedure f rom a s i n g l e t r a c e . B u t , u n l i k e AUTOPRO­
GRAMMER wh ich r e q u i r e s f rom i t s programmer symbo l i c 
t r a c e s (sequences o f ass ignments) and , the p r e d i c a ­
tes f o r loops and c o n d i t i o n a l s a t the p laces they 
are used , PAPE, l i k e SYN, works a u t o m a t i c a l l y once 
the se t o f t r a c e s and the b a s i c f u n c t i o n s and p r e ­
d i c a t e s have been g i v e n . 

An example E f o r PAPE is a 4 - t u p l e s E = ( N , D, 
R, T) where N is the name of the procedure to s y n ­
t h e s i z e , D the i n p u t da ta ( a c t u a l p a r a m e t e r s ) , R 
the o u t p u t d a t a , and , T the t r a c e (a se t o f p a i r s 
o f a v a r i a b l e and i t s v a l u e ) f r e e o f e r r o r s . 

A l l examples are supposed c o r r e c t . 

PAPE is ma in l y composed of two f u n c t i o n s Al 
and A2. 

I t works as f o l l o w s : 

An example E is p roposed . 

- I f E is the f i r s t one , PAPE c r e a t e s a p r o c e ­
dure-head w i t h i d e n t i f i e r N and Al (E) as a body . 

- I f n o t , PAPE s t a r t s w i t h an e x e c u t i o n o f a 
c a l l o f N w i t h D as a c t u a l pa rame te r . I f the t r a c e 
o b t a i n e d matches T, then PAPE s tops ( a w a i t i n g f o r 
some o t h e r example i f a n y ) . Otherwise the p a r t i a l 
body A1 (E) is compared and merged w i t h the a c t u a l 
body of N by A2. 

Al has a w o r s t - c a s e t ime c o m p l e x i t y in 0 ( t ) 
where t is the l e n g t h of the t r a c e T, and , p is an 
i n t e g e r depending upon the procedure to s y n t h e s i z e , 
and , the se t s o f f u n c t i o n s , and , o f p r e d i c a t e s . 

In the f o l l o w i n g the behav iou r o f PAPE w i l l be 
d e s c r i b e d on an example : 

Suppose we w i s h to l e a r n the procedure 
MULTIPLY wh ich per fo rms the m u l t i p l i c a t i o n of two 
p o s i t i v e i n t e g e r s u s i n g F - (_ ♦ ( a d d i t i o n ) , p red 
(p redecessor f u n c t i o n ) , / 2 ( i n t e g r a l d i v i s i o n b y 2), 
* 2 ( m u l t i p l i c a t i o n by 2) J and P = {= 0, even J 
r e s p e c t i v e l y as se t s o f f u n c t i o n s , and , o f p r e d i c a ­
tes . 
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APPENDIX 

The " n i c e sequence" a l g o r i t h m , on A l l ( E 0 ) 
above, behaves as f o l l o w s : 

- i t f i r s t scans the sequence, i g n o r i n g the 
a s s e r t i o n s , l o o k i n g f o r the f i r s t se t o f assignment, 
i . e : (Y:=Y+Y, Y :=Y*2 , Y : - p r e d X ) . 

then checks whether a subset of i t has repea­
t i n g occurrences in the sequence, here (Y:=Y+Y, 
Y : = Y * 2 ) . Th is subset i s s e t t e d a p a r t . I f i t has 
more than one e lement , i t checks whether there is 
a s i n g l e r e p e a t i n g subsequence formed w i t h e i t h e r 
the p r e c e e d i n g , or the succeeding ass ignment , or 
b o t h , and so on , u n t i l n o t h i n g r e p e a t s , o r , comes 
up w i t h t h i s s i n g l e subsequence. 

- and t h e n , does the same f o r the nex t s e t . 

At the end , o n l y set ted apar t subsets are 
r e t a i n e d , and , r e p e a t i n g subsequences are p a r e n ­
t h e s i z e d . 
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