
PROGRAMS AS COLLECTIONS OF COMMUNICATING PROLOG UNITS 

Paola Mello (*) 

Antonio Natali (*) 

ABSTRACT 

At the current state of the art, people are not encouraged to use logic 

programming languages for bulding large and complex software systems due to the 

difficulty of expressing concepts such as modularity, information hiding, data 

and process abstrac£ion etc. In particular, i£ is impossible to build a system 

as a collection of different modules, independently designed and coded, with a 

lifetime extended till execution time. 

This work is based on the fact that Prolog, the most used logical language, 

already has sufficient intrinsic power to express concepts of that kind. 

Initially, a new mechanism is added to Prolog: the possibility to split a base 

of clauses into a set of different units. Subsequently, the distinction between 

object-level and meta-level units is introduced in order to express 

interactions between units. Finally, the possibility of specifying parallel 

flows of control within the same computation, is presented. 

The main thesis of the work is that complex software systems can easi17 be 

built by fitting together a set of invariant Prolog units through a meta-level 

specification. Predicates can be viewed as communication channels statically or 

dynamically connected by meta programs. Such a methodology, which is suggested 

in quite a natural way by the declarative style of Prolog, could be fundamental 

also when units are written 'in-the-small' using other styles of languages. 

(*) D.E.LS., Facu l ty  of E n g i n e e r i n g ,  U n i v e r s i t y  of Bologna, 

V. Risorgimento 29 40136 Bologna, ITALY 
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~NTRODUCTION 

The use  of  v e r y  h igh  l eve l  l a n g u a g e s  as  tools  fo r  so f twa re  d e v e l o p m e n t  is  

nowadays  a f u n d a m e n t a l  p r a c t i c e  fo r  e n h a n c i n g  so f tware  p r o d u c t i v i t y  and 

main tenance .  P rog ramming  l a n g u a g e s  a r e  u s u a l l y  c lass i f i ed  a c c o r d i n g  to t h r e e  

fundamen ta l ,  d i f f e r e n t  ' s t y l e s ' ;  impe ra t i ve ,  f unc t i o n a l  and  logical .  

A l though  l ive ly  compet i t ion  ex i s t s  among the  s u p p o r t e r s  of  each  s ty le ,  

mot iva ted  by the  g r e a t  impact  t ha t  d i f f e r e n t  c o n c e p t s  and mechanisms have  on 

so f twa re  de s i gn ,  the  d i f f e r e n t  schools  s u b s t a n t i a l l y  a g r e e  upon  a s e t  of  

c o n c e p t s  i n t r i n s i c a l l y  r e l a t ed  to t he  o rgan i za t i o n  of  l a r g e  and complex 

so f tware  sys tems .  

Modular i ty ,  i n fo rma t ion  h id ing ,  da ta  a n d  p r o c e s s  a b s t r a c t i o n  a r e  fundamen ta l  

i s s u e s  in each  p r o g r a m m i n g  s ty l e  fo r  bu i l d ing  sy s t e m s  made of  co l lec t ions  of  

componen t s  able  to i n t e r a c t  in a d i sc ip l ined  and  p r o t e c t e d  way. 

His tor ica l ly ,  t he  f i r s t  s t e p  in th is  d i r e c t i o n  was the  d e s i g n  of  

p r o g r a m m i n g  l a n g u a g e s  and e n v i r o n m e n t s  ab le  to r e c o g n i z e  and handle  modu la r i ty  

a t  t r a n s l a t i o n  time only .  At r u n  time, most of  t he  s e p a r a t i o n  and p r o t e c t i o n  

among componen t s  was lost .  S u b s e q u e n t l y ,  t h a n k s  a lso  to t he  fac t  t ha t  h a r d w a r e  

cos t s  had s t ead i ly  gone  down, the  l ife of  modules  and  p r o t e c t i o n  was e x t e n d e d  

at  execu t ion  time too. R e s e a r c h e s  on da ta  a b s t r a c t i o n  and  d i s t r i b u t e d  comput ing  

led to the  c o n s t r u c t i o n  of  s y s t e m s  c o n s t i t u t e d  by a co l lec t ion  of  " p h y s i c a l l y "  

d i f f e r e n t  o b j e c t s .  

The t e rm ' o b j e c t '  was i n d e p e n d e n t l y  a d o p t e d  by the  o p e r a t i n g  sys t em [Jon],  

p r o g r a m m i n g  l a n g u a g e  [Go183] and e v e n  by  m i c r o p r o c e s s o r  m a n u f a c t u r i n g  companies  

[ In t ]  to deno te  c o m p o n e n t s  h a v i n g  a h i d d e n  s t a t e  and  a se t  of  o p e r a t i o n s  or  

capab i l i t i e s  fo r  t r a n s f o r m i n g  the  s t a t e  so as to p e r f o r m  some use fu l  work.  

Moreover ,  o b j e c t s  and  r e l a t i ons  be tween  them were  i n t r o d u c e d  in to  the  

a r t i f i c i a l  i n t e l l i g e n c e  communi ty  as bas ic  means  fo r  r e p r e s e n t i n g  knowledge  

[Min]. 

T h e r e f o r e ,  the  o b j e c t  model has  b e e n  r e c o g n i z e d  as  be ing  able  to p lay  a 

key  ro le  in a wide s p e c t r u m  of  app l i ca t i ons  w h a t e v e r  t he  s ty l e  of  p ro g ra m m in g ,  

and su i t ed  l i ngu i s t i c  c o n s t r u c t s  have  been  i n t r o d u c e d  in l a n g u a g e s  of  each  

s ty l e  fo r  e x p r e s s i n g  it.  A pa r t i a l  excep t ion  to th is  ru l e  is logic p rogramming .  

The  o ldes t  l a n g u a g e  of  t h i s  c a t e g o r y ,  i.e. P ro log  [Clo] is on ly  t en  y e a r s  old.  

I t  has  r a p i d l y  i n c r e a s e d  in p o p u l a r i t y  not  on ly  due  to the  choice  made by the  

J a p a n e s e  p r o j e c t  [Mot], b u t  a lso  to the  i n c r e a s i n g  demand fo r  k n o w l e d g e - b a s e d  

[Nau] app l i ca t ions .  P ro log  is  s t i l l  ab le  to p r o v i d e  i n t r i n s i c a l l y  two forms of  
modula r i ty :  

a) d i s t i nc t i on  be t w een  knowledge  base  and cont ro l ;  

b) d i s t i nc t ion  be t w een  d i f f e r e n t  f a c t s  and  ru les .  

But,  a t  t he  moment,  i t  is imposs ib le  to e x p r e s s  in Pro log  the  t h i r d  l eve l  of 

modu la r i t y  and p r o t e c t i o n  r e q u i r e d  by an o b j e c t  model. 

Ex tens ions  to Pro log  h a v e  been  p r o p o s e d  in t h i s  sense .  M-Prolog  [Ben] is an  

example,  b u t  the  l i fe t ime of  modules  is h e r e  not  p r o p a g a t e d  til l  execu t ion  

time. Mandala [Fur ]  is t he  f i r s t  a n s w e r  of ICOT [Mot] to the  cha l l enge :  i t  

c o n c e i v e s  p r o g r a m s  as  co l lec t ions  of  un i t s  c h a r a c t e r i z e d  by we l t - i den t i f i ed  

t y p e s  of  l inks  b e t w e e n  them. But Mandala is  s t i l l  a r e s e a r c h  p r o j e c t ,  f o u n d e d  
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o n  a d i f f e r e n t  c o m p u t a t i o n a l  mode l  ( C o n c u r r e n t  P r o l o g  [Sha~)  f r o m  P r o l o g .  

As  a c o n s e q u e n c e ,  i n  t h e  l og i c  p r o g r a m m i n g  c o m m u n i t y  i t  i s  s t i l l  i m p o s s i b l e  to  

b u i l d  a l a r g e  s o f t w a r e  s y s t e m  a c c o r d i n g  to  a n  o b j e c t  mode l ;  m o r e o v e r ,  t h e  

i n t r i n s i c  s e q u e n t i a l i t y  of  P r o l o g  p r e v e n t s  t h e  e x p l o i t a t i o n  of  m u l t i - p r o c e s s o r  

a r c h i t e c t u r e s .  

T h i s  w o r k  h a s  t h e  f u n d a m e n t a l  a im o f  i n t r o d u c i n g  a s e t  o f  c o n c e p t s  a n d  

m e c h a n i s m s  to  b e  a d d e d  to  o r  s u p e r i m p o s e d  o n  P r o l o g  in  o r d e r  to  a l low t h e  

s p l i t t i n g  o f  a p r o g r a m  i n t o  a c o l l e c t i o n  of  i n t e r a c t i n g  o b j e c t s .  O u r  a p p r o a c h  

is  b a s e d  o n  t h e  f a c t  t h a t  t h e  s p e c i f i c a t i o n  o f  s t a t i c  o r  d y n a m i c  

i n t e r c o n n e c t i o n s  b e t w e e n  o b j e c t s  c a n  b e  v i e w e d  a s  t h e  s p e c i f i c a t i o n  o f  a m e t a  

p r o g r a m  a n d  t h a t  m e t a  p r o g r a m m i n g  [Aie] i s  q u i t e  a n a t u r a l  j o b  i n  P r o l o g .  T h e  

p r o c e d u r a l  i n t e r p r e t a t i o n  o f  P r o l o g  p r e d i c a t e s  l e a d s  d i r e c t l y  to  a mode l  of  

p r o g r a m s  a s  s e p a r a t e  w o r l d s  - e a c h  e m b e d d i n g  a p i e c e  o f  k n o w l e d g e  o v e r  a 

p a r t i c u l a r  d o m a i n  - a b l e  to  c o m m u n i c a t e  t h r o u g h  { r emote )  p r o c e d u r e  ca l l s .  

P r e d i c a t e s  c a n  t h e n  b e  v i e w e d  a s  c o m m u n i c a t i o n  c h a n n e l s  t o  b e  d y n a m i c a l l y  

c o n n e c t e d  b y  m e t a  p r o g r a m s .  

I n s t e a d  o f  f o l l o w i n g  t h e  a p p r o a c h  o f  a m a l g a m a t i n g  [Bow] t h e  o b j e c t - l e v e l  a n d  

t h e  m e t a - l e v e l  l a n g u a g e  we s u p p o s e  a b a s i c  m e c h a n i s m  a b l e  to  i n t r o d u c e  a c l e a r  

d i s t i n c t i o n  b e t w e e n  t h e s e  t w o  l e v e l s ,  i n  o r d e r  to  e n h a n c e  t h e  r e - u s a b i l t y  o f  

o b j e c t s .  

T h e  a im of  t h e  p a p e r  i s  t o  s h o w  h o w  e a s i l y  s o l u t i o n s  to  c l a s s i c a l  p r o b l e m s  c a n  

b e  o b t a i n e d  a n d  how t h e  c o n c e p t  o f  m e t a - p r o g r a m m i n g  c o u l d  b e  o n e  o f  t h e  g e n e r a l  

c o n c e p t s  to  u s e  in  a n y  s t y l e  of  p r o g r a m m i n g  f o r  b u i l d i n g  p r o g r a m s  ' i n - t h e -  

l a r g e ' .  

1. P:..UN..ITS AS OPE N, LAYERED WORLDS 

A l o g i c  p r o g r a m  is  i n t e n d e d  h e r e  a s  a c o l l e c t i o n  of  o b j e c t s  w h i c h  wil l  b e  

r e f e r r e d  i n  t h i s  w o r k  a s  P r o l o g - u n i t s  ( P - u n i t s )  o r  s i m p l y  u n i t s .  

E a c h  P - u n i t  r e p r e s e n t s  a c h u n k  o f  k n o w l e d g e  a b o u t  a p a r t i c u l a r  d o m a i n  a n d  i t  

i s  c o n c e p t u a l l y  a n  a u t o n o m o u s  w o r l d  a b l e  to  s o l v e  p r o b l e m s  i n  t h e  f o r m  of  g o a l s  

a s k e d  o f  i t  b y  u s e r s .  T h e  u s e r s  o f  a u n i t  m a y  b e  h u m a n  b e i n g s  o r  o t h e r  u n i t s .  

T h e  a n s w e r  of  a u n i t  t o  a q u e r y  c o n s i s t s  e i t h e r  i n  t h e  d e m o n s t r a t i o n  of  t h e  

g o a l  a n d  t h e  c o n s e q u e n t  b i n d i n g  of  v a r i a b l e s ,  o r  i n  t h e  n o t i f i c a t i o n  of  a 

f a i l u r e ,  I n  t h e  s e c o n d  c a s e ,  t h i s  d o e s  n o t  n e c e s s a r i l y  m e a n  t h a t  t h e  g o a l  i s  

l o g i c a l l y  f a l s e ;  i t  s i m p l y  m e a n s  t h a t  t h e  u n i t  i s  n o t  a b l e  to  p e r f o r m  a v a l i d  

d e d u c t i o n  f o r  i t .  We wil l  d e n o t e  s u c h  a n  a n s w e r  a s  ' u n k n o w n ' .  

T h a n k s  to  t h e  p o s s i b i l i t y  of  a s k i n g  g o a l s  o f  o t h e r  u n i t s ,  e a c h  P - u n i t  c a n  

b e  m o d e l e d  a s  a n  O p e n  Wor ld  [Hew].  C o m m u n i c a t i o n  b e t w e e n  u n i t s  i s  a c h i e v e ¢  

t h r o u g h  t h e  p r e d i c a t e :  

send( Des,, Goal, R of G } 

which succeeds if the unit 'Dest' is able to demonstrate with result R of G 

the goal 'Goal' ( represented by a list ). The name 'send' recalls that the 

query could imply, at implementation level, an exchange of messages between the 

calling unit and the 'Dest' unit when it is allocated on a different processor. 

In this sense, send can be interpreted as a synchronous message passing 

primitive in which the caller always waits for the answer. 
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A sys tem is c o n c e i v e d  as dep i c t ed  in f i g u r e  1. The un i t  ' s y s t e m '  p l ays  t he  

same role  as the  ' s y s t e m  p a c k a g e '  in Ada (*) [DOD]. I t  d e f i n e s  sys tem 

p r e d i c a t e s  and is  c o n c e p t u a l l y  p a r t  of  e v e r y  o t h e r  uni t .  

The computa t ion  s t a r t s  f rom the  un i t  ' u s e r ' .  The u s e r  i n t e r f a c e  p r o v i d e s  fo r  

t he  t r a n s l a t i o n  of  a goal  G in to  the  r e q u e s t  fo r  a spec i f i c  u n i t  t h r o u g h  a cal l  

l ike:  

send(  des t_un i t ,  G, t r u e  ). 

I f  t he  send  is  d e m o n s t r a t e d  with  s u c c e s s ,  the  a n s w e r  is g i v e n  to t he  u s e r  in 

the  c u r r e n t  Pro log  form. I f  o t h e r  so lu t ions  a r e  p o s s i b l e ,  the  d e s t  un i t  a s k s  

t he  u s e r  fo r  'more? '  so lu t ions .  If  the  a n s w e r  is ' y e s ' ,  the  des t  un i t  

b a c k t r a c k s ;  o t h e r w i s e  the  computa t ion  ends .  

11' e' I'ntr"1'  SY TEM IUn Figure 1 

Let  us  c o n s i d e r ,  as  an  example,  a sys tem c o n s t i t u t e d  by a un i t  ' l i s t ' ,  

which embeds  o p e r a t i o n s  on l i s t  s t r u c t u r e s ,  and  a un i t  ' names ' ,  which i n c l u d e s  

k n o w l e d g e  a b o u t  a l phabe t i c a l  s t r i n g s  ( f i gu re  2). The f i r s t  P - u n i t  makes 

r e f e r e n c e  to  t he  o p e r a t o r  ' i s l e s s '  implemented  by  the  second  one in o r d e r  to 

p e r f o r m  an o r d e r e d  i n s e r t i o n  of  a new name in to  a l ist .  

ist | . . . . . . . . .  ~ Figure 2 
isl es.s 

i n s e r t (  [A]B],C,[A]D] ):-  

send(  names,  [ i s less ,  A,C ], t r u e  ), 

i n s e r t (  B,C,D ). 

i n s e r t (  [A~B],C,[C,A~B] ). 

i n s e r t (  [], C, [C] ). 

In th i s  case ,  t he  q u e r y  of  ' l i s t '  to  ' names '  is e q u i v a l e n t  to t he  s t a t i c  

b i n d i n g  of  a c l i en t  un i t  to i ts  s e r v e r .  I t  could be claimed t h a t  the  same 

r e s u l t  is  impl ic i t ly  e x p r e s s e d  t h r o u g h  a no ta t ion  l ike t h e  'w i th '  c l ause  of  Ada 

p a c k a g e s  [DOD]. An example could be: 

with(  names ). 

use(  names  ). 

P - u n i t (  l i s t  ). 

i n s e r t (  [A'~B],C,[A~D] ):-  i s less (  A,C ), i n s e r t (  B,C,D ). 

i n s e r t (  [A',B],C,[C,A~B] ). 

i n s e r t (  [], C, [C] ). 

where: 

(*) Ada is  a t r a d e m a r k  of  the  U.S .D.o .D.  
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P-unit( list ) asserts that 'list' is the name of the unit; 

with( names ) asserts that 'list' sees 'names' as a server; 

use( names ) asserts that each predicate not defined in 'list' has to be 

solved by the unit 'names'. 

The advantage of such a notation is to introduce clear separation between 

the phase of programming in-the-small from that of programming in-the-large. 

For example, an ordered list of integers can be implemented by simply modifying 

the 'with' and 'use' clauses. 

Speaking in terms of a declarative style of programming, the specification of 

unit interconnection consists in the specification of 'meta' knowledge. 

The textual separation of meta knowledge from 'object' knowledge is already a 

good step towards enhancing the re-usabilty [Weg] of object modules. P-units, 

however, cannot be simply assimilated to Ada packages: they continue to exist 

at execution time with an independent lifetime. As a result, the separation 

between meta and object knowledge can be maintained at run time too, by 

committing the job of interconnecting P-units to me,a-units. 

Thus we admit that each P-unit can be associated with a meta-unit and that the 

b a s i c  m a c h i n e  o f  e a c h  u n i t  i s  a b l e  to  i m p l e m e n t  a u t o m a t i c  c o m m u n i c a t i o n s  

b e t w e e n  t h e s e  two  l a y e r s .  

T h e  c o n n e c t i o n  b e t w e e n  a c l i e n t  a n d  a s e r v e r  c a n  b e  d y n a m i c a l l y  e s t a b l i s h e d  b y  

t h e  m e t a  u n i t  of  t h e  c l i e n t .  T h i s  c a n  b e  a c h i e v e d  b y  c o n n e c t i n g  t h e  ' o u t p u t '  

c h a n n e l  r e p r e s e n t e d  b y  t h e  p r e d i c a t e  to  b e  s o l v e d  w i t h  a n  ' i n p u t '  c h a n n e l  of  

t h e  s e r v e r ,  u s i n g  t h e  s e n d  p r e d i c a t e .  

101 B a s i c  o r g a n i z a t i o n  o f  t h e  s y s t e m .  

A P - u n i t  U c o n s i s t s  of:  

a) a s e t  of  P r o l o g  c l a u s e s  t h a t  r e p r e s e n t s  a n  O b j e c t  K n o w l e d g e  B a s e  (OKB) 

a b o u t  a p a r t i c u l a r  d o m a i n ;  

b)  a B a s e  M a c h i n e  (BM) o r  i n t e r p r e t e r  t h a t  i s  a b l e  to  a n s w e r  d e m o n s t r a t i o n  

r e q u e s t s .  

E a c h  e x t e r n a l  r e q u e s t  f o r  t h e  d e m o n s t r a t i o n  o f  a g o a l  i m p l i e s  t h e  c r e a t i o n  

of  a n e w  a c t i v a t i o n  ( i n s t a n c e )  of  t h e  BM, i d e n t i f i e d  b y  a n a m e  d e f i n e d  b y  t h e  

s y s t e m  o r  b y  t h e  u s e r  ( s e e  s e c t i o n  3).  T h i s  n a m e  i s  a l i s t  w h e r e  t h e  f i r s t  

e l e m e n t  i s  t h e  g l o b a l  i d e n t i f i e r  o f  t h e  P - u n i t  a n d  t h e  s e c o n d  a l oca l  

i d e n t i f i e r  f o r  t h e  i n s t a n c e .  

L e t  u s  i n d i c a t e  w i t h  G a g o a l  to  b e  d e m o n s t r a t e d  b y  U a s  a c o n s e q u e n c e  of  a 

r e q u e s t  f r o m  a d i f f e r e n t  P - u n i t  a n d  w i t h  SG a s u b g o a l ,  p a r t  of  t h e  

d e m o n s t r a t i o n  p r o c e s s  of  G. 

B e f o r e  s t a r t i n g  t h e  d e m o n s t r a t i o n  p r o c e s s  f o r  G o r  SG, t h e  b a s i c  m a c h i n e  BMU of  

U a s k s  i t s  m e , a - u n i t  MU f o r :  

todemo( Caller, GoaIRep, Result ) 

w h e r e  ' G o a l R e p '  i s  b o u n d  t o  a n  i n t e r n a l  r e p r e s e n t a t i o n  (a  l i s t )  o f  t h e  goa l ,  

' C a l l e r '  i s  b o u n d  to  t h e  i d e n t i f i e r  o f  t h e  c a l l i n g  u n i t ,  a n d  ' R e s u l t '  

r e p r e s e n t s  t h e  r e s u l t  o f  t h e  d e m o n s t r a t i o n  o f  ' G o a l r e p ' .  I t  c a n  b e  b o u n d  to  

s p e c i f i c  v a l u e s  in  a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  c a s e s :  

a l )  t o d e m o  s u c c e e d s  a n d  ' R e s u l t '  i s  t r u e .  T h e  g o a l  h a s  b e e n  d e m o n s t r a t e d  a n d  

some  o f  i t s  o u t p u t  v a r i a b l e s  m a y  h a v e  b e e n  b o u n d .  BMU g o e s  on .  I f  t h i s  i s  t h e  
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case, the results are communicated to the 'Caller'; 

a2) todemo succeeds and 'Result' is bound to a value different from 'true' (see 

section 2.1). G is considered as failed and such an event is communicated to 

the 'Caller'. For SG, BMU has to perform backtracking; 

a3) todemo fails: the goal fails at object level too. 

The main task of a meta-unit is that of deciding how to solve predicates at 

the  p lace  of  i t s  o b j e c t  un i t .  In  o r d e r  to  p e r f o r m  s u c h  a t a sk ,  a m e t a - u n i t  can:  

1) so lve  the  goal  d i r ec t l y ;  

2) ask  a d i f f e r e n t  un i t  fo r  t he  solut ion;  

3) s end  a r e q u e s t  fo r  t he  same or  a d i f f e r e n t  goal  to i t s  own o b j e c t  uni t .  

This  ca se  is  e x p r e s s e d  (for h i s t o r i c a l  and p r a c t i c a l  r e a sons )  by  

i nvoca t ion  of  t he  fo l lowing p r e d i c a t e :  

demo(Goal, Resul t )  

which  can  be c o n s i d e r e d  similar  to the  b u i l t - i n  Pro log  p r e d i c a t e  "cal l" .  A 

main d i f f e r e n c e  is  t h a t  demo is  a lways  sa t i s f i ed  u n l e s s  a sy s t em c r a s h  

occu r s .  Resu l t  can  be b o u n d  to ' t r u e ' ,  ' u n k n o w n ' ,  o r  to  some o t h e r  va lue .  

Care fu l  implementa t ion  is o b v i o u s l y  n e c e s s a r y  to make such  an o r g a n i z a t i o n  

e f f i c i en t .  S e v e r a l  op t imiza t ions  a re  poss ib le .  The most e v i d e n t  is to avo id  

dynamic  cal ls  to m e t a - u n i t s  by  p e r f o r m i n g  a s t a t i c  a n a l y s i s  of  c l auses .  

2. .~ROGRAMMING WITH META, UNIT_~ 

2.1. Negation as failure. 

Clark's negation-as-failure [Cia77] can be easily expressed: 

todemo( Caller, [notlX], R ):- 

demo( X, RI ), invert( R1,R ). 

invert( true, fa l se  ). 

invert( unknown, true ). 

invert( false, true ). 

If X is provable by the object unit, then the result 'false' is explicitly 

given to the caller. If X is not provable (i.e. the result of the demonstration 

in the object unit is 'unknown' or 'false'), then the result 'true' is 

returned. Let us note that 'false' is a new possible result of proof explicitly 

introduced at the meta-level in accordance with the 'Closed World Assumption' 

[Cla771. 

2.2. System configuration. 

A fundamental advantage of using meta programming lies in the re-usability 

[Weg] of P-units, i.e. the possibility of defining different systems with the 

same components connected in different ways. 

In the case of figure 2, for example, the unit 'list' could be associated with 
the following meta-unit: 

meta -un i t (  l i s t  ). 

todemo( C, [ isless,A,B],  R ):- 

:, send(  names,  [ isless,A,B],  R ). 

todemo( C, G, R ):- demo( G, R ). /~ de fau l t  case  * /  
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a c c o r d i n g  to the  p i c t u r e  of f i g u r e  3. 

'l ' I i meta-level I I " isless -~ names 
object-level 

list 
The u n i t  ' l i s t '  can  spec i fy  the  ' i n s e r t '  ope ra t ion  as follows: 

Figure 3 

uni t (  l is t  ). 

i n s e r t (  [AIB],C,[A~D] ):- is less(  A,C ), i n s e r t (  B,C,D ). 

insert( [A~B],C,[C,A~B] ). 
insert( [], C, [C] ). 

In  th i s  spec i f ica t ion  no c o n f i g u r a t i o n  policy is embedded  in  ' l i s t '  un i t .  

Consequen t ly ,  a d i f f e r e n t  sys tem can  be def ined  by  s imply c h a n g i n g  the  

level.  This  is st i l l  an  example of s ta t ic  connec t ion  be tween  un i t s .  I t  is  no t  

however  d i f f icu l t  to se lect  connec t i ons  dynamical ly .  For example: 

meta 

me ta -un i t (  l is t  ). 

todemo( C, [insert',ARGS], R ):- !, demo( [insert',ARGS], R ). 

todemo( C, [OP',ARGS], R ):-  

a re  i n t e g e r s (  ARGS ), !, send{ i n t e g e r s ,  [OPIARGS], R ). 

todemo( C, [OPIARGS], R ):- send{ names,  [OPIARGS], R ). 

a r e _ i n t e g e r s (  A ):-  ... 

P red i ca t e s  d i f f e r e n t  from ' i n s e r t '  a re  solved by  the  u n i t  ' names '  or  ' i n t e g e r s '  

a cco rd ing  to the  the i r  t ype  of a r g u m e n t s .  

2.3 .  Q u e r y  t h e  u s e r .  

This problem can  be cons ide red  as a n o t h e r  example of dynamic  se lec t ion 

s ta t ic  connec t ions .  If we write:  

of 

me ta -un i t (  l is t  ). 

todemo( C, [isless,A,B], R):- 

send(  i n t e g e r s ,  [are_integers ,A,B] ,  t r u e  ), !, 

send{ i n t e g e r s ,  [isless,A,B], R ). 

todemo( C, [isless,A,B], R):- 

send{ names,  [are  names,A,B], t r u e  ),!, 

send(  names,  [isless,A,B], R). 

todemo( C, [isless,A,B], R}:- 

send(  u se r ,  [quest ion, is less ,A,B] ,  R ). 

todemo{ C, G, R ) :-  demo( G, R ). /* de fau l t  case */  

t h e n  the  so lu t ion  of the  ' i s l e s s '  p red ica te  is a sked  of the u s e r  

a r g u m e n t s  be long  to t ypes  which the sys tem does not  know, i.e. 

not  i n t e g e r s  or names. 

when  the 

when they  are  
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list 

n~mes 

integers 
Figure 4 

2.4. Type  and  r i g h t  c h e c k i n g  and  except ions .  
Calls l ike:  

send(  i n t e g e r s ,  [ a re  in tegers ,A,B] ,  t r u e  ), or :  

s end(  names,  [are_names,A,B],  t r u e  ), 

in the  p r e v i o u s  example may be i n t e r p r e t e d  as dynamic  t y p e  

s t r u c t u r e s ,  to be  p e r f o r m e d  by  the  un i t  which r e p r e s e n t s  the  

In  a p e r f e c t l y  s imilar  way i t  is poss ib le  to check  the  c a l l e r ' s  a c c e s s  

For  example: 

c h e c k s  on 

"da t a  t y p e " .  

r i g h t s .  

da ta  

todemo( Caller ,  [OP]ARGS], R ):-  

send(  u s e r - r i g h t s ,  [ check ,  Caller,  OP], t r u e  ), i, demo( [OP~ARGS], R). 

todemo( Caller ,  G, f a i l u r e  ) :-  

send(  e x c e p t i o n - u n i t ,  [ acces s  den ied ,  Caller,G], t r u e ) .  

avo ids  the  execu t ion  of  an o p e r a t i o n  when  the  ca l ler  has  no r i g h t  to it.  

Knowledge of a c c e s s  r i g h t s  is h e r e  s u p p o s e d  to be embedded  in the  ' u s e r - r i g h t s '  

uni t .  I f  the  Caller  has  no r i g h t  to the  o p e r a t i o n  OP, the  call to u s e r _ r i g h t s  

fa i ls  and  the  e r r o r  is r e c o r d e d  in an ' e x c e p t i o n - u n i t ' .  The r e s u l t  of  the  

p roo f  is s e t  to ' f a i l u r e ' .  The  m e t a - l e v e l  can  i n t e r p r e t  s u c h  a v a l u e  as  an  

excpe t ion  to be hand led .  

2.5. Multi- layered systems.  
A m e t a - u n i t  MU is, in i ts  t u r n ,  a P -un i t .  This  means tha t  i t  can  be 

a s soc i a t ed  with a m e t a - u n i t  MMU and so on. Then  a sys t em can be c o n c e p t u a l l y  

spl i t  in to  a h i e r a r c h y  of  ope ra t i ona l l y  i n t e r l a c e d  l aye r s .  

As an example,  le t  us  c o n s i d e r  a d e b u g g i n g  se s s ion  of  the  sys tem of f i g u r e  4. 

The t r a c i n g  of  t he  b e h a v i o u r  of t he  Unit ' l i s t '  can  be implemented  by a d d i n g  a 

second  l a y e r  wi th in  ' l i s t ' :  

m e t a - m e t a - u n i t (  l i s t  ). 

todemo( C, [todemo, Caller,  G, R_of_G], R ):-  

send(  d e b u g , [ t r a c e g o a l ,  G ], t r u e  ), 

demo( [todemo, Caller,  G, R_of_G], R ), 

send(  d e b u g ,  [ t r a c e r e s u l t s ,  G, R of G ], t r u e  ). 

The  un i t  ' d e b u g '  p r o v i d e s  fo r  p r i n t i n g  each  goal  of  ' l i s t '  b e f o r e  and  a f t e r  i ts  
d e m o n s t r a t i o n  p r o c e s s .  

2.6. K n o w l e d g e - b a s e d  sys t ems .  

The fol lowing spec i f i ca t ion :  
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todemo( Caller,  G, R_of_G):- 

my_name( MYSELF ), f i n d _ s u p e r (  MYSELF, SU ), 

send(  SU, G, R of  G }. 

p r o v i d e s  for  r o u t i n g  G to t he  un i t  SU, which is qua l i f ied  as the  ' s u p e r '  un i t  

of the  c u r r e n t  one ( i den t i f i ed  by the  sys t em p r e d i c a t e  'my_name'  ), An 

i n t e r p r e t a t i o n  of s u p e r  un i t s  may be r e l a t ed  to the  c o n c e p t  of i n h e r i t a n c e  of 

p r o p e r t i e s ,  which  is c h a r a c t e r i s t i c  of  knowledge  r e p r e s e n t a t i o n  sy s t e m s  [Dav]. 

In  th i s  case ,  G is p a r t  of  t he  e x t e r n a l  i n t e r f a c e  of  t h e  module r e p r e s e n t e d  by  

the  c u r r e n t  un i t ,  b u t  i t s  " b o d y "  is  de f ined  wi th in  SU. 

M e t a _ u n i t s  can  be i n t r o d u c e d  to e x p r e s s  and con t ro l  d e f a u l t  knowledge .  An 

example of  a sys tem able  to e x p r e s s  t ha t  " P e n g u i n s  a r e  b i rds ,  bu t  t h e y  do not  

f ly"  may be: 

m e t a - u n i t  ( p e n g u i n s  ). 

/*  a n y  a t t emp t  to d e m o n s t r a t e  t h a t  p e n g u i n s  f ly  has  to fa i l* /  

todemo{C, [f ly] ,  false} : -  '. 

/ *  a n y  o t h e r  p r o p e r t y  has  to be d e d u c e d  f rom b i r d s  * /  

todemo( C ,G ,R of_G } :- send(  b i rds ,  G, R_of_G }. 

3. CONCURRENT SYSTEMS AND SHARED.UNITS 

If  P - u n i t s  do not have  an i n t e r n a l  s t a t e  t h e n  the  same sys tem can be 

a c c e s s e d  in para l le l  by  a mul t ip l ic i ty  of u s e r s  wi thou t  any  s ide  e f fec t .  In  

Pro log  the  c o n c e p t  of s t a t e  is o f t en  r e l a t e d  to the  s e t  of c l a u se s  which  

c o n s t i t u t e  a p r o g r a m  and which  can  be  modified t h r o u g h  b u i l t - i n  p r e d i c a t e s  

l ike  ' a s s e r t ' ,  ' r e t r a c t '  e tc .  I f  such  a modif icat ion is  admi t t ed  fo r  P - u n i t s  

also, t h e n  c o n c u r r e n t  a c c e s s e s  must  be d i sc ip l ined  t h r o u g h  su i t ed  mechanisms 

for  mutua l  exc lus ion  and s y n c h r o n i z a t i o n .  

The so lu t ion  g i v e n  to th is  problem in the  con tex t  of t r ad i t iona l ,  im p e ra t i v e  

p rog ramming  l a n g u a g e s  is well known. L ingu i s t i c  c o n s t r u c t s  such  as s e m a p h o re s  

o r  moni tors  [Hoa] allow us  to so lve  mutual  exc lus ion  and s y n c h r o n i z a t i o n  

p rob lems  a c c o r d i n g  to a ' g loba l  e n v i r o n m e n t '  model of  p r o g r a m m i n g  [And]. 

This  model could be a d o p t e d  fo r  P - u n i t s  too. Specia l  u n i t s  could be i n t r o d u c e d ,  

work i ng  as s e m a p h o r e s  or  moni tors ,  in o r d e r  to e n s u r e  a d i sc ip l ined  

modif icat ion of  i n t e r n a l  s t a t e s .  

But P - u n i t s  a r e  not  p a s s i v e  r e s o u r c e s .  A P - u n i t  is made of a co l lec t ion  of  

d i f f e r e n t ,  i n t e r n a l  p r o c e s s e s  (which have  been  cal led ins tances}  each  a c t i v a t e d  

by  a spec i f ic  ex t e rna l  r e q u e s t .  If  each i n s t a n c e  is made able  to pe r fo rm an 

expl ic i t  con t ro l  on cemmunica t ions  with i ts  c l ien ts ,  t hen  it  can be p e r c e i v e d  

f rom ou t s i de  as an  o b j e c t  able  to c o n t r o l  modif ica t ions  i ts  i n t e r n a l  s t a te :  the  

most a p p r o p r i a t e  model fo r  communicat ion and s y n c h r o n i z a t i o n  is t h e n  the  ' local  

e n v i r o n m e n t '  model [And]. 

The a d v a n t a g e  of  th i s  a p p r o a c h  is  not  on ly  t h a t  i t  is su i t ab le  fo r  d i s t r i b u t i o n  

of un i t s  in to  d i f f e r e n t  nodes  of a ne twork ,  bu t  also tha t  i t  al lows the  

r e p r e s e n t a t i o n  of  s t a te  t h r o u g h  logical  va r i ab l e s .  
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3.1. Process communication and synchronization. 

A process (instance) controls the processing sequence of external requests 

through synchronization clauses of the form: 

entry(...), accept(...) :- body( ... ). 

A synchronization clause is based on a concept very similar to that of 

'event' in Distributed Logic [Mon] and in Delta Prolog [Per]. 'Entry' 

represents an "interface predicate" : it is a predicate which can be called by 

other units through the usual send primitive and can appear at the head of a 

synchronization clause only. If a unit C calls: 

send( [U,P], [entry',ARGS], Res ) 

then the demonstration of 'entry' is asked of the particular instance [U,P] 

(let us note that, if P is not bound, then the request is sent to any instance 

of U). As usual, a new instance [U,E] is created by U to perform such a 

demonstration. This instance, however, must cooperate with [U,P] according to 

the  fol lowing ru le s :  

r l )  the  ' e n t r y '  r e q u e s t  mus t  u n i f y  with the  lef t  p a r t  of the  head.  If  no 

un i f i ca t ion  is poss ib le ,  [U,E] t e rmina t e s  with answer  ' u n k n o w n ' .  If  

un i f i ca t ion  is poss ib le ,  [U,E] is ' f r o z e n '  un t i l  [U,P] completes  a 

s u c c e s s f u l  un i f i ca t ion  of the  ' a ccep t '  p a r t  of the  head; 

r2) if [U,P] t r i e s  to u n i f y  with ' a ccep t '  when  no ex te rna l  r e q u e s t  ex is t s  a t  

all, t h e n  i t  is s u s p e n d e d .  If t h e r e  a r e  ex t e rna l  r e q u e s t s  for [U,P] b u t  

d i f f e r e n t  from ' e n t r y ' ,  t h e n  [U,P] b a c k t r a c k s .  If  more t h a n  one r e q u e s t  

for  ' e n t r y '  exis ts ,  t h e n  the  f i r s t  is  se lected;  

r3) when  both  p a r t s  of a s y n c h r o n i z a t i o n  c lause  have been  jo in t ly  un i f ied  with 

succes s  b y  [U,E] and  [U,P], t h e n  the ' b o d y '  of the  s y n c h r o n i z a t i o n  c lause  

is j o in t l y  executed  by  the  two i n s t a n c e s .  If  the  jo in t  un i f i ca t ion  or  the  

' b o d y '  fai ls ,  [U,P] and  [U,E] back t r ack .  There fore ,  if no f u r t h e r  

s y n c h r o n i z a t i o n  a l t e r n a t i v e  is ava i lab le  for  ' e n t r y ' ,  [U,E] t e rmina t e s  

with a n s w e r  ' u n k n o w n ' .  If  the  ' b o d y '  completes  with success ,  [U,E] 

completes  with a n s w e r  ' t r u e  ', No u n d o i n g  and  b a c k t r a c k i n g  is admit ted  for 
e n t r y  p red ica t e s .  

Accord ing  to the  p r e v i o u s  ru l e s , t he  fa i lu re  of a q u e r y  by  C to [U,P] means t ha t  

[U,P] is not  able  to solve the  problem 'at  th i s  moment ' .  But it  could have 

succes s  ' in  the f u t u r e ' ,  in  c o r r e s p o n d e n c e  with the  specif ic  va lue  of i ts  

i n t e r n a l  s ta te .  Let us  c o n s i d e r  the  example of a buf fe r :  

un i t (  b u f f e r  ). 

(1) bu f fe r (B) : -  notempty(B) ,  

(2) bu f fe r (B) : -  notful l(B),  

(3) bu f fe r (B) : -  buffer(B) .  

(4) get(X), remove(B,C):- 

(5) put(X),  inse r t (B ,C) : -  

(6) in i t  : -  buffer{[]}.  

(7) ? -  in i t .  

remove(B,C), buffer(C) .  

insert(X,B,C),  buffer (C) .  

out{ X,B,C ). 

in( X,B,C ). 

P red ica t e s  ' g e t '  and  ' p u t '  c o n s t i t u t e  the  b u f f e r  in te r face .  The p r oc e s s  

[buffer ,_]  is an  e n d - l e s s  loop which s t a r t s  in an  au tonomous  way (7). I t  has 
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two synchronization points with the externa] world: {4) and (5). Predicates 

~notempty' and 'notfull' play the role of local guards to control the non- 

determinism of communications. The clause (3) is selected when the first two 

fail; at implementation level, the control of a shared processor could be 

released at this point and memory resources can be saved according to tail 

recursion optimization schemes. The state of the buffer is represented by the 

variable B. 

If a producer process calls ~put' when the buffer is fully its request fails. 

But the meta-unit of buffer (or the producer itself) can resend the request 

until it is satisfied: 

meta -un i t (  b u f f e r  }. 

todemo( C, [put,X], t r u e ) : -  

r epea t ,  demo( [put,X], t rue ) .  

me ta -un i t (  p r o d u c e r  ). 

todemo(X, [deliver~Z], Res) : -  

send(  [buffer ,_] ,  [putlZ],  Res). 

un i t (  p r o d u c e r  ). 

p r o d : -  read(CH), deliver(CH), prod.  

Obvious ly ,  such  a policy could be f rozen  by c h a n g i n g  the basic  semant ics  of 

s y n c h r o n i z a t i o n  c lauses .  Rule r3) could become: 

r3) ... If no f u r t h e r  s y n c h r o n i z a t i o n  a l t e r n a t i v e  is avai lable  for  e n t r y ,  t hen  

[U,E] is placed a t  the  end  of the r e q u e s t  que ue  . . . .  

The a d v a n t a g e  could be t h a t  of avo id ing  s t a r va t i on .  The model of p r oc e s se s  

i n t r a c t i o n  is in  th i s  case v e r y  similar to Ada 's  r e n d e z - v o u s .  

3.2. Asynchronous activation of processes. 

Till this moment no mechanism exists for creating new processes without 

being obliged to wait for their termination. To overcome such a drawback, the 

system predicate: 

start( U, P, IG ) 

is introduced. It creates a new instance for the P-unit U, with name [U,P] and 

initial goal IG. It is satisfied at the end of the activation phase, i.e. it 

has not need to wait till the end of [U,P]. A simple fork operator can thus be 

implemented as follows: 

meta -un i t (  u ). 
todemo( C, [fork,NAME], t r u e  ):-  ! ,s tar t (  u, NAME, in i t  ). 

todemo{ C, G, R ):-  demo( G, R ). 

un i t (  u ). 
p l (  ... ) :-  ..., fork(  u l  ) . . . . .  p2(...).  

p2( ... ):-.... 

i n i t  : -  p l (  ... ). 

? -  in i t .  

At the  v e r y  b e g i n n i n g ,  the  sys tem is c o n s t i t u t e d  by  the  i n s t a n c e  [u , - ]  
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only .  At the  end  of ' f o rk '  th i s  i n s t a n c e  r u n s  in  para l le l  with a n o t h e r  [u ,u l ] .  

A more complete form of ' s t a r t '  could p rov i de  an  add i t iona l  pa rame te r  to 

spec i fy  a ' c o n t i n u a t i o n '  u n i t  which,  as  in  l a n g u a g e s  based  on  the  Actor model 

[Fil], could collect  r e s u l t s  of a p roces s  when  i t  t e rmina te s .  An example of 

th i s  will be shown in  sec t ion  3.4. 

3.3. System configuration. 
S t a r t i n g  from the  same u n i t s  as the  p r e v i o u s  p r o d u c e r - c o n s u m e r  sys tem,  

can  now c o n f i g u r e  d i f f e r e n t  sys tems ,  by  s imply c h a n g i n g  the  in i t i a l i za t ion  

phase  and  the  meta layer .  The in i t i a l iza t ion  of b u f f e r  could become: 

(61 in i t (  X ):-  bu f fe r (  X ). 

and  the  meta l aye r  of p r o d u c e r :  

m e t a - u n i t (  p r o d u c e r  ). 

todemo( [ p r o d u c e r , p r o d l ] ,  [del iver ,Z],  R ):-  s e n d ( [ b u f f e r , b u f l ] , [ p u t , Z ] , R  ). 

todemo( [p roduce r , p rod2 ] ,  [del iver ,Z] ,  R ) : -  s end ( [bu f f e r , bu f2 ] , [pu t ,Z ] ,R  }. 

If we wri te  the  following un i t :  

we 

uni t (  s y s t e m l  ). 

i n i t  s y s t e m : -  

s t a r t (  p r o d u c e r ,  prod1,  p rod  ), 

s t a r t (  p r o d u c e r ,  prod2,  p rod  ), 

s t a r t (  bu f f e r ,  b u f l ,  in i t (  [] ) ), 

start{ buffer, buf2, init( ['i'] ) ), 

start( consumer, consl, cons ). 

?- init_system. 

then we create a system made of two producers, (prodl and prod2), each 

connected to a different buffer (bufl and buf2 respectively), and a single 

consumer. Bufl starts as an empty buffer, whereas buf2 has initial contents. 

According to the discussion of section 2, dynamic connection of 

interprocess communication channels is possible. A particular unit could, for 

example, be introduced to maintain knowledge about connections and create new 

ones. A system which assists the user in expressing his own software systems is 

usually referred to as a programming environment. In this context, the main job 

of a programming environment could then be that of 'writing' the meta-layer of 

P - u n i t s  and  p roce s se s  a c c o r d i n g  to the  u s e r ' s  c o n f i g u r a t i o n  commands.  

3.4. A shel l  p rocess .  

The shel l  is  a typ ica l  tool of a d v a n c e d  p rog ramming  e n v i r o n m e n t s .  A shel l  

p roces s  could be implemented t h r o u g h  P - u n i t s  in  s eve ra l  ways.  One of th is  is: 

un i t (  commands ). un i t (  shel l  ). 

d i r (  ... ). go :-  accept ,  go. 
p r i n t (  ... ). go : -  go. 

mkdir(  ... ). command([bg~X]), accep t  :-  

-.. s t a r t (  commands,  _, X, r e s u l t _ u n i t  ). 
command([fg~X]), accept :- 

send( commands, X, R , display( X, R ). 

display(  G, R of G ):-  ... 
? -  go. 
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W h e n  a u s e r  g i v e s  a c o m m a n d  ( s a y  p r i n t  in  b a c k g r o u n d ) ,  t h e  u s e r  i n t e r f a c e  

p r o v i d e s  to  s e n d  t h e  c o m m a n d  to  t h e  s h e l l  p r o c e s s :  

s e n d (  [ s h e l l , _ ] ,  [ c o m m a n d , [ b g , p r i n t , X ]  ], R).  

To s e r v e  a b a c k g r o u n d  r e q u e s t  t h e  s h e l l  a c t i v a t e s  a n e w  ' c o m m a n d s '  p r o c e s s  

u s i n g  t h e  e x t e n d e d  f o r m  of  ' s t a r t '  p r i m i t i v e .  T h e  a n s w e r  to  t h e  c o m m a n d  i s  

s t o r e d ,  w h e n  t h i s  new  a c t i v a t i o n  t e r m i n a t e s ,  i n  t h e  ' r e s u l t  u n i t '  f o r  l a t e r  

c o n s u l t a t i o n  b y  t h e  u s e r .  A f o r e g r o u n d  r e q u e s t  i s  i m m e d i a t e l y  s e r v e d  b y  s e n d i n g  

t h e  r e q u e s t  to  t h e  ' c o m m a n d s ' .  T h e  s h e l l  p r o c e s s  w a i t s  i n  t h i s  c a s e  f o r  

e x e c u t i o n  of  t h e  c o m m a n d  to  e n d .  L e t  u s  n o t e  t h a t  t h e  p o s s i b l e  f a i l u r e  o f  a 

b a c k g r o u n d  o r  f o r e g r o u n d  c o m m a n d  d o e s  n o t  c a u s e  ( a s  h a p p e n s  i n  o t h e r  a p p r o a c h e s  

s u c h  a s  C o n c u r r e n t  P r o l o g  [ S h a ] )  t h e  f a i l u r e  o f  t h e  s h e l l  p r o c e s s  s i n c e  t h e  

s u c c e s s  of  ' s t a r t '  a n d  ' s e n d '  i s  n o t  r e l a t e d  to  s u c c e s s f u l  t e r m i n a t i o n  o f  t h e  

p a r t i c u l a r  u s e r  c o m m a n d .  B e s i d e s ,  t h e  o u t p u t  g e n e r a t e d  b y  t h e  f o r e g r o u n d  

c o m m a n d  i s  i m m e d i a t e l y  v i s i b l e  t o  t h e  u s e r .  T h i s  k i n d  o f  s o l u t i o n  i s  m o r e  

o r i e n t e d  t o w a r d s  a n  i n c r e m e n t a l  a n d  m o d u l a r  d e s i g n  o f  a p p h c a t i o n s  t h a n  t h o s e  

p r o p o s e d  i n  C o n c u r r e n t  P r o l o g  [ S h a ]  o r  PARLOG [Cla84] .  

4. CONCLUSIONS 

I n  t h i s  w o r k  we h a v e  e x p l o r e d  t h e  p o s s i b i l i t y  o f  e x p r e s s i n g  p r o g r a m s  a s  

c o l l e c t i o n s  of  P r o l o g  o b j e c t s ,  so  a s  to  a l low t h e  s p l i t t i n g  o f  a s i n g l e  b a s e  o f  

c l a u s e s  i n t o  a s e t  of  d y n a m i c a l l y  r e c o g n i z a b l e  m o d u l e s  ( P - u n i t s ) .  T h e  m a i n  

m o t i v a t i o n  of  t h e  w o r k  w a s  to  i n t r o d u c e  in  t h e  c o n t e x t  o f  t h e  m o r e  w i d e s p r e a d  

log ic  p r o g r a m m i n g  l a n g u a g e ,  a s e t  of  c o n c e p t s  w h o s e  v a l i d i t y  h a s  a l r e a d y  b e e n  

a s c e r t a i n e d  i n  o t h e r  s t y l e s  of  p r o g r a m m i n g .  

T h e  m o s t  i n t e r e s t i n g  r e s u l t  o f  t h i s  a t t e m p t  l i e s  p e r h a p s  i n  t h e  n e w ,  g r e a t  

e x p r e s s i v e  r i c h n e s s  t h a t  h a s  b e e n  a c h i e v e d  a n d  w h i c h  c o n s i s t s  m a i n l y  in  t h e  

n u m b e r  of  d i f f e r e n t  p o s s i b l e  i n t e r p r e t a t i o n s  f o r  P - u n i t s .  

A P - u n l t  h a s  b e e n  i n t r o d u c e d  a s  a s i n g l e  o b j e c t  a b l e  to  s o l v e  p r o b l e m s  in  a 

p a r t i c u l a r  d o m a i n .  T h e  c l a u s e s  of  a P - u n i t  w e r e  t h e n  c o n s i d e r e d  a s  t h e  s t a t i c  

d e s c r i p t i o n  o f  t h e  b e h a v i o u r s  of  o b j e c t s  ( i n s t a n c e s )  d y n a m i c a l l y  c r e a t e d  to  

s o l v e  e x t e r n a l  r e q u e s t s .  I n  t h i s  s e n s e ,  a P - u n i t  c a n  b e  v i e w e d  a s  a ' c l a s s '  

w h o s e  b a s i c  s p e c i f i c a t i o n  c a n  b e  m o d i f i e d  o r  i n t e g r a t e d  b y  t h a t  o f  t h e  

a s s o c i a t e d  m e t a - u n i t ( s ) .  E a c h  i n s t a n c e  c a n  b e  i n t e r p r e t e d  a s  a p r o c e s s  w h i c h  

i n t e r a c t s  w i t h  o t h e r  i n s t a n c e s  t h r o u g h  a r e n d e z - v o u s  p a r a d i g m .  T h e  

i n t e r c o n n e c t i o n  b e t w e e n  p r o c e s s e s  c a n  b e  s t a t i c a l l y  o r  d y n a m i c a l l y  s p e c i f i e d  a t  

m e t a - l e v e l  w i t h  t h e  a d v a n t a g e  o f  a v o i d i n g  a n y  c h a n g e  i n  t h e  o b j e c t  l e v e l .  F r o m  

t h e  m e t a - l e v e l  p o i n t  of  v i e w ,  p r e d i c a t e s  c a n  b e  c o n s i d e r e d  a s  i n p u t - o u t p u t  

c h a n n e l s  to  b e  c o n n e c t e d  t o g e t h e r  to  a c h i e v e  t h e  d e s i r e d  c o m m u n i c a t i o n .  

R e f e r e n c e s  t o  u n i t s  c a n  b e  c o n c e i v e d  a s  c a p a b i l i t i e s  t o  b e  c h e c k e d  a n d  h a n d l e d  

i n  a t r a n s p a r e n t  w a y  w i t h  t h e  r e s p e c t  to  t h e  o b j e c t  l e v e l .  

E x p l i c i t  s y n c h r o n i z a t i o n  b e t w e e n  p r o c e s s e s  h a s  b e e n  a c h i e v e d  t h r o u g h  

s y n c h r o n i z a t i o n  c l a u s e s ,  c h o s e n  f o r  t h e i r  w e l l - e s t a b l i s h e d  s e m a n t i c s  [Mon]  a n d  

t h e i r  u n i f o r m i t y  w i t h  t h e  r e n d e z - v o u s  p a r a d i g m .  T h e  k i n d  o f  p a r a l l e l i s m  we h a v e  

e x p r e s s e d  i s  d i f f e r e n t  f r o m  t h a t  o f  o t h e r  p r o p o s a l s  s u c h  a s  C o n c u r r e n t  P r o l o g  

[ S h a ]  o r  P a r l o g  [Cla84] ,  w h i c h  i n t r o d u c e  " d o n ' t  c a r e "  n o n - d e t e r m i n i s m  a n d  

g u a r d e d  c l a u s e s  to  e x p l o i t  t h e  p o t e n t i a l  p a r a l l e l i s m  w h i c h  i s  i n t r i n s i c  i n  



287 

c lauses .  I n t e r p r o c e s s  communicat ion  o c c u r s  in t h e s e  l a n g u a g e s  t h r o u g h  s t r eams ,  

a f ac t  which,  in ou r  opin ion ,  makes  t h e s e  p r o p o s a l s  su i t ed  fo r  p r o g r a m m i n g  

un i t s  ( P - u n i t s  too) i n - t h e - s m a l l ,  bu t  r a t h e r  u n s u i t a b l e  fo r  e x p r e s s i n g  

i n t e r a c t i o n s  i n - t h e - l a r g e .  

In summary,  P - u n i t s  can  be v i ewed  as o b j e c t s ,  c l a s ses ,  p a s s i v e  r e s o u r c e s  o r  

as  p r o c e s s e s .  The n e t w o r k  of  t h e i r  s t a t i c  r e l a t i o n s h i p s  can  be c o n c e i v e d  as  the  

r e p r e s e n t a t i o n  of  k n o w l e d g e  on the  a p p l i c a t i v e  domain, w h e r e a s  t h e i r  dynamic  

r e l a t i o n s h i p s  could  be v iewed  as the  dynamic  ( r e ) o r g a n i z a t i o n  of such  knowledge  

a c c o r d i n g  to e v e n t s .  Sys t ems  l ike Mandala [Fur]  can  t h e n  be c o n c e p t u a l l y  

implementab te  in t e rms  of  P - u n i t s .  

Final ly ,  the  p r o p o s e d  pa rad igm can be used  both fo r  app l i ca t ion  and sys t em 

des ign .  This  means  t h a t  knowledge  can  be  eas i ly  s h a r e d  and  t h a t  ex t ens ib l e  

s y s t e m s  can  be eas i ly  bui l t .  In  p a r t i c u l a r ,  P - u n i t s  seem well su i t ed  to bui ld  a 

p r o g r a m m i n g  e n v i r o n m e n t  fo r  Prolog,  u s i n g  Pro tog  i t se l f .  The a d v a n t a g e s  of  

us ing  the  same l a n g u a g e  fo r  d e s i g n i n g  and  bu i l d ing  i ts  own p r o g r a m m i n g  

e n v i r o m e n t  has  been  l e a rned  from s y s t e m s  l ike I n t e r l i s p  [Tell  or  Small talk 

[Go184]. We be l i eve  t h a t  t h e s e  a d v a n t a g e s  could be fundamen ta l  in t he  logica l  

p r o g r a m m i n g  communi ty  too. This  is one  of  the  goals  we in t end  to p u r s u e  in the  

f u t u r e .  At the  moment a p r o t o t y p e  implementa t ion  of  the  p r o p o s a l  has  been  

w r i t t e n  in Pro log  on a p e r s o n a l  c o m p u t e r  and  an  implementa t ion  based  on 

modi f ica t ions  of  an ex i s t i ng  Pro log  i n t e r p r e t e r  is in p r o g r e s s  on a Sun  

machine.  
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