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ABSTRACT 

A p o r t a b l e v e r s i o n o f P r o l o g , an A r t i f i c i a l 
I n t e l l i g e n c e language, i s p r e s e n t e d . A complete 
system has been implemented on a m ic ro -compu te r 
u s i n g a f l o p p y - d i s k v i r t u a l memory. The g e n e r a l 
methodology o f t h e imp lemen ta t i on i s d i scussed i n 
terms of an a b s t r a c t machine (Micromegas) suppor-
t i n g a language (Candide) in which t he P r o l o g sys­
tem i s w r i t t e n . 

I INTRODUCTION 

P r o l o g has been developed in our resea rch 
l a b o r a t o r y in 1973 by A. Colmerauer and P. Roussel 
[ 1 . 2 , 1 0 ] , ma in l y f o r n a t u r a l language p r o c e s s i n g 
sys tems. S ince t h e n , i t has been a p p l i e d t o v a r i ­
ous A . I . f i e l d s . Severa l P ro l og i n t e r p r e t e r s have 
been w r i t t e n , and even a c o m p i l e r by D. Warren 
f o r a DEC 10 computer . P r a c t i c e and t heo ry of 
P r o l o g have been a l s o s t u d i e d and e x t e n s i v e l y des­
c r i b e d (see [ 3 , 5 , 6 , 8 ] ) . Amaz ing ly , t he i n f l u e n c e 
o f P r o l o g has been u n t i l now r e s t r i c t e d to Europe, 
where the language has been l a r g e l y d i s t r i b u t e d 
and used . However, some recen t papers in t he l i t -
t e r a t u r e show a g row ing i n t e r e s t f rom the U.S. 
community [ 9 , 1 1 ] . 

I I MOTIVATIONS 

Dur ing the pas t y e a r s , P r o l o g users c lamored 
f o r more f a c i l i t i e s t o w r i t e ve ry l a r g e programs. 
For these reasons , we dec ided to s t a r t a new ge­
n e r a l v e r s i o n r e q u i r e d to be usab le on l a r g e com­
p u t e r s as w e l l as on m i c r o - c o m p u t e r s . Our f i r s t 
t r y i n t h a t d i r e c t i o n was the des ign o f a P r o l o g 
system on an { x o r c i s e r M6800 m i c r o - c o m p u t e r . Th i s 
work i s r e p o r t e d i n [ 4 , 7 ] and gave encourag ing 
r e s u l t s , s p e c i a l l y i n t he use o f f l o p p y d i s k s f o r 
v i r t u a l memory management. 

The P r o l o g system r e p o r t e d here is i n t ended 
t o b e the " u l t i m a t e " one i n the sense t h a t i t i s 
s p e c i a l l y des igned t o f u l l f i l t h e r equ i r emen ts o f : 

1 . Easy t r a n s p o r t a b i l i t y . 

2 . Running l a r g e a p p l i c a t i o n s thanks to a 
l a r g e memory space d y n a m i c a l l y o r g a n i z e d as a t r e e 
s t r u c t u r e d h i e r a r c h y o f sub -wor l ds t o ach ieve s o f t ­
ware p r o t e c t i o n and management of memory space. 

3 . V e r s a t i l i t y by a p r a c t i c a l t o o l to add 
u s e r - o r i e n t e d e v a l u a b l e p r e d i c a t e s . 

4 . Power fu l new b u i l t - i n f e a t u r e s such as 
c o r o u t i n e s , i n f i n i t e - t r e e s p rocess ing [ 5 ] , e r r o r 
r e c o v e r i n g and user c o n t r o l l e d e x e c u t i o n thanks 
t o the concept o f " b l o c k " . 

5 . I n t e r a c t i v i t y by i n c l u d i n g c lause e d i t i n g 
c a p a b i l i t i e s . 

I l l REALIZATION 

We e x h i b i t a comp le te , s e l f - c o n t a i n e d system 
which i n c l u d e s : 

1 . A h i g h l e v e l programming language, 
Candide, des igned to p r o v i d e the so f twa re t o o l s 
needed t o w r i t e the i n t e r p r e t e r . 

7. A cand ide comp i l e r which emi ts code f o r 
an a b s t r a c t machine, Micromegas. f e a t u r i n g the 
hardware v i e w p o i n t o f the system. 

3. A Micromegas emula to r wh ich i n t e r p r e t s 
t he Micromegas code a t r u n - t i m e . Th is i s the on l y 
p a r t which depends on the host machine on which 
the P r o l o g system i s implemented. 

4 . The P r o l o g i n t e r p r e t e r i t s e l f , which i s 
the hea r t of t he system, and c o n s i s t s of 50 pages 
of Candide code. 

A comp le te , f u l l y documented v e r s i o n o f t h i s 
system i s o p e r a t i o n a l on Apple I I . The implemen­
t a t i o n on a So la r 16-65 ( f r e n c h minicomputer-
e q u i v a l e n t to PDP 11-65) is on p rogress and w i l l 
be done by September 8 1 . 

The abs t rac t machine Micromegas is embedded 
i n t o the o p e r a t i n g system o f the host computer , 
l e a v i n g f r e e access t o the b u i l t - i n resources 
( e . g . i n the Apple I I i m p l e m e n t a t i o n , the U.C.S.D. 
Pascal system procedures and f u n c t i o n s can be 
reached f rom the Micromega3 l e v e l ) . 

The a b s t r a c t machine uses c e l l s and words : 
a c e l l i s the s m a l l e s t p a r t o f memory addressab le 
bo th by the host computer and by the Micromegas 
machine. A word is a sequence of con t i guous c e l l s 
c o n t a i n i n g a l a r g e address : in t he Apple I I im­
p l e m e n t a t i o n , we have 8 - b i t c o l l s and 2 4 - b i t words . 

9 4 7 



Thin p r o v i d e s an add ress ing space of 2 megabytes, 
s i m u l a t e d hy a v i r t u a l memory management system 
Implemented hy s o f t w a r e on a f l o p p y d i s K . The M i -
cromegas machine has a l s o 256 gene ra l purpose re-
g i s t e r s and a user memory which c o n t a i n " , t he pro 
gram and a l o c a l v a r i a b l e s t a c k . 

The Micromegas i n s t r u c t i o n s p e r f o r m a r i t h m e ­
t i c , t r a n s f e r s , compar isons . The operands are c e l l s 
o r words f rom the v i r t u a l memory, t he r e g i s t e r s 
and the s t a c k . Other i n s t r u c t i o n s pe r fo rm cond i -
t i o n a l , u n c o n d i t i o n a l o r computed g a t e ' s , p roce ­
dure i n v o c a t i o n and r e t u r n , e x t e r n a l p rocedure 
a c t i v a t i o n , and so on . 

IV PROLOG ON APPLE II 

This imp lemen ta t i on needs : 

1. An Apple I I w i t h 48 K by tes of memory. 

2. Two 143 K by tes f l o p p y d i s k s . 

3. The language c a r d . 

The Micromegas emu la to r is embedded i n t o the 
Apple Pascal system and c o n s i s t s in 10 pages of 
Pascal code ( I n i t i a l i s a t i o n , I /O , and v i r t u a l me-
mory management) p l us 1b pages of 6502 assembler 
code ( p e r f o r m i n g the 16 i n s t r u c t i o n s o f the M i c r o -
megas mach ine ) . The Micromegas code f o r the P ro l og 
i n t e r p r e t e r needs 12 K b y t e s . The v i r t u a l memory 
system in implemented on the two f l o p p i e s and the 
main memory pag ing area occup ies 40 256-by te pages. 
Such a c o n f i g u r a t i o n a l l o w s up to 50-pages P r o l o g 
programs. 

V CONCLUSION 

The per formance of a m ic ro -compu te r i m p l e ­
m e n t a t i o n Is s low compared w i t h a l a r g e computer 
one. N e v e r t h e l e s s , the system remains usab le thanks 
to the l a rge v i r t u a l memory. A m ic ro -compu te r im­
p l e m e n t a t i o n can be used hy A. I. s t u d e n t s , el­
even by resea rche rs f o r t e s t i n g and debugging p r o ­
grams, thus p e r f o r m i n g ( a t home) on a pe rsonna l 
computer the more t e d i o u s and t ime consuming p a r t 
o f programming work . N a t u r a l l y , t he d e f i n i t i v e 
a p p l i c a t i o n w i l l be run on a b i g g e r computer . 

I s i t r e a l l y the u l t i m a t e P r o l o g ? C e r t a i n l y 
yes f o r us ! 

In f a c t , we have d e l i b e r a t e l y spent t h r e e 
years to des ign the system and b u i l d the adequate 
t o o l s to pe r fo rm our r e s e a r c h . Th is goa l i s now 
ach ieved and we have d e f i n i t e l y moved back to the 
P r o l o g users f a m i l y . 
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