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A b s t r a c t 

We d e s c r i b e an I n t e r p r e t e r f o r the programming 
language p r e d i c a t e l o g i c . Some t o p i c s a r e ; s y n t a x 
and p r o o f p r o c e d u r e , procedure e v o c a t i o n , f u n c t i o n 
t r a n s f o r m a t i o n , g o a l v a r i a t i o n and i n t e r a c t i v e 
c o m p u t a t i o n a l c o n t r o l . 

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

The development of programming languages has 
more and more r e l i e v e d a programmer from machine 
c o n t r o l and d e t a i l s , g i v i n g him the power of ab­
s t r a c t reasoning and thus helped him to c o n c e n t r a ­
te more on h i s problem. Kowalski [ 8 , 9 ] has c o n v i n ­
c i n g l y argued t h a t p r e d i c a t e l o g i c f o r m a l i z e s a 
man's thoughts and i s a u s e f u l s i m p l e programming 
language f o r human problem s o l v i n g . Consequently 
I t i s d e s i r a b l e t o have p r e d i c a t e l o g i c implemen­
ted on machines f o r p r a c t i c a l programming. There 
i s one i m p l e m e n t a t i o n a t the U n i v e r s i t y o f A i x -
M a r s e i l l e , PROLOGUE [ 2 ] . At the U n i v e r s i t y of 
Stockholm we have implemented an i n t e r p r e t e r in 
LISP 1,6 [ 1 1 ] . 

Syntax and Proof Procedure 

The syntax of the language c o n s i s t s of 
Kowalski's p r o c e d u r a l form [ 7 ] p l u s a c o n t r o l 
s t r u c t u r e c o n s i s t i n g o f a n o r d e r e d procedure, o r ­
dered procedures and c o m p u t a t i o n a l consequences 
(Tarnlund [ 1 4 ] ) . The p r o o f procedure is based on 
Kowalski's c o n n e c t i o n graph system ( 6 ] . 

Kowalski's procedure form 

A procedure is the o n l y type of statement in 
the language. It c o n t a i n s two s p e c i a l cases, a 
g o a l and an a s s e r t i o n . Two t y p i c a l procedures are 

Own(x,y) •*• Own ( x , z) t P a r t (y ,z) , 

which is read "x owns y if t h e r e Is a z such t h a t 
x owns z and y is a p a r t of z", and 

D( x , y ) , D ( x , z ) * D(x tw),P(x),M(y,z,w) t 

which is read "x d i v i d e s y or x d i v i d e s z if t h e r e 
is a w such t h a t x d i v i d e s w and x is a prime and 
y - z * w". The p a r t to the l e f t of the arrow is 
c a l l e d procedure name and the p a r t t o the r i g h t i s 
c a l l e d procedure body c o n s i s t i n g o f procedure 
calls. 

A g o a l statement is a procedure w i t h o u t a 
name e.g., 

"•- Own (John, t y r e ) . 

An a s s e r t i o n Is a procedure w i t h o u t a body 
e.g. , 

P a r t ( t y r e , c a r ) « . 

A program is a set of procedures connected 
In a graph depending on how t h e y match each o t h e r . 

F l g . l . A c o n n e c t i o n graph. Each atom is 
connected t o a l l o t h e r atoms w i t h the 
same name o c c u r r i n g on o p p o s i t e s i d e s of 
the arrows, p r o v i d e d t h a t they can be 
matched i . e . , u n i f i e d ( 1 2 ) . Recursive p r o ­
cedures are l i n k e d w i t h d o t t e d l i n e s . 

The c o n n e c t i o n graph is i n d i p e n d e n t of the 
o r d e r the programmer p r e s e n t s h i s s t a t e m e n t s . De­
pending on one's programming s t y l e ( p r o b l e m - s o l ­
v i n g ) one can combine top-down, m i d d l e - o u t and 
bottom-up programming. The g o a l of the i n t e r p r e t e r 
i s t o a c t i v a t e l i n k s ( r e s o l v e c o r r e s p o n d i n g atoms) 
in a way t h a t e v e n t u a l l y leads to the empty p r o ­
cedure D . 

C o n t r o l s t r u c t u r e 

The c o n t r o l s t r u c t u r e t r a n s f e r s some d e c i s i o n ­
making r e s p o n s i b i l i t y from the search s t r a ­
tegy to the programmer and makes the d e c i s i o n s ex­
p l i c i t . T h i s i s i l l u s t r a t e d by a program t h a t 
probes f o r a node to be d e l e t e d in a b i n a r y t r e e 
such t h a t i t s r e m a i n i n g nodes are s o r t e d when t r a ­
v e rsed i n s y m m e t r i c a l o r d e r . The program i s based 
on a d e l e t e a l g o r i t h m in Knuth [ 5 ] . We use Knuth's 
zodiac example (sec. 6.2.2) to d e l e t e the node 
CAPRICORN from a b i n a r y t r e e . The i n i t i a l g o a l i s 

- Delete*(CAPRICORN). (1) 

Suppose t h a t we have the b i n a r y t r e e in a data 
base 

A ( t r e e ) - , (2) 

where A is an a r b i t r a r y p r e d i c a t e whose argument 
t r e e i s equal t o 
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t(t(0,AQUARIUS,t(O.ARIES,t(0,CANCER,0))), (3) 
CAPRICORN,t(t(0,GEMINI,t(0,LEO,t(0,LIBRA,0))), 
PISCES,t(t(0,SCORPIO,0),TAURUS,t(O.VIRCO.O)))), 

This zodiac b i n a r y t r e e " t r e e " I s a n I n s t a n t i a t i o n 
o f the data s t r u c t u r e 

t ( x , y , z ) 

d e n o t i n g a b i n a r y t r e e w i t h a r o o t y and a l e f t 
s u b t r e e x and a r i g h t s u b t r e e z. An empty t r e e Is 
denoted 0. When we have p i c k e d up the b i n a r y t r e e 
from t h e data base and d e l e t e d the node CAPRICORN, 
we want to put the new t r e e back i n t o the data 
base i . e . , 

( A ( z ) * } , D e l e t e * ( u ) - < A ( x ) , D e l e t e ( x , u , z ) > , (4) 

where u is the node to be d e l e t e d in a b i n a r y t r e e 
x, and z is the r e s u l t i n g b i n a r y t r e e . Note t h a t 
Delete and D e l e t e are two d i f f e r e n t p r e d i c a t e s . 
The p r e d i c a t e w i t h i n the braces is a c o m p u t a t i o n a l 
consequence not to be r e s o l v e d upon d u r i n g t h e 
computation, b ut t o be put i n t o the data base when 
the remaining p a r t o f procedure (4) i s r e s o l v e d t o 
the empty c l a u s e . (Computational consequences may 
be viewed as a g e n e r a l i z a t i o n of Greenf s answer 
p r e d i c a t e [ 3 ] ) . The angled b r a c k e t s '<' and '>' 
t e l l us t h a t procedure (4) i s an or d e r e d procedure 
and i s executed from l e f t t o r i g h t w i t h i n the 
b r a c k e t s . 

In the d e l e t e a l g o r i t h m we check each node in 
the b i n a r y t r e e t o determine whether i t i s t o b e 
d e l e t e d or if we have to c o n t i n u e a b i n a r y t r e e 
search f o r the node to be d e l e t e d . The procedures 
f o r t h i s a l g o r i t h m are ordered among themselves 
and d e l i m i t e d by a p a i r of double angled b r a c k e t s 
' << ' and ' >> ' . T h i s o r d e r i n g c o n t r o l s the execut i-
on of the procedures. 

There are two cases when a node is d e l e t e d . 
The si m p l e r case occurs when t he l e f t s u btree of 
the r i g h t s u b t r e e of a node u is empty v i z . , 

« D e l e t e ( t ( x , u , t ( 0 , y , , z , ) ) , u , t ( x , y \ z , ) ) + , (5) 

where the new b i n a r y t r e e 

t ( x , y \ z ' ) 

is " t h e o l d t r e e w i t h the r o o t u d e l e t e d " . The con­
t r o l s t r u c t u r e a t t e m p t s t o execute t h i s procedure 
f i r s t . I n case we have to search f o r t h e successor 
node y of the d e l e t e d node u in s y m m e t r i c a l o r d e r , 
the procedure i s more c o m p l i c a t e d v i z . , 

Dele t e ( t ( x , u , t ( x \ y \ z »)) , u , t ( x , y , t ( x " , y \ z ' ) ) -
S u c c e s s o r ( x ' , y , x " ) , (6 ) 

where 

t ( x , y , t ( x " , y \ z ' ) ) 

is the new b i n a r y t r e e in which the r o o t y and the 
l e f t s u b t r e e x" are s t i l l unknown. They are de­
duced by the Successor procedures (9) and ( 1 0 ) . 

In case we have not found the node to d e l e t e 
w e have t o search f o r i t v i z . , 

D e l e t e ( t ( x , y , z ) , u , t ( x ' , y , z ) ) * 
< L E ( u , y ) , D e l e t e ( x , u , x f ) > , (7) 

where the node u to be d e l e t e d is to be found in 
the l e f t s u b t r e e x of y. The new b i n a r y t r e e 
becomes 

t ( x l , y , z ) , 

where xf i s the same t r e e as x but w i t h a node de­
l e t e d . When the probed node i s i n the r i g h t sub­
t r e e of y we have 

where the node u to be d e l e t e d is found in the 
r i g h t s u b t r e e z. LE and Gr are " b u i l t - i n " procedu­
res t h a t determine a l p h a b e t i c o r d e r i n g s (see b e l o w ) . 
The procedures (5) - (8) are o r d e r e d among them­
s e l v e s , which means t h a t a procedure c a l l 
D e l e t e ( x , y , z ) f i r s t w i l l t r y procedure ( 5 ) ; i f t h a t 
procedure cannot be r e s o l v e d to t h e empty procedure 
the c a l l w i l l t r y procedure (6) and s o on. 

To complete the program we w r i t e the r e c u r s i v e 
successor procedures t h a t probe f o r a node y which 
i s the successor i n symmetric o r d e r o f the d e l e t e d 
node u v i z . , 
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where (10) is the r e c u r s i o n step and (9) the r e ­
c u r s i o n base which t e r m i n a t e s the search f o r the 
successor node on the f i r s t r o o t w i t h an empty l e f t 
s u b t r e e . 

Procedures ( 5 ) , ( 6 ) , (9) and (10) w i t h t h e 
g o a l 

+ Delete(tree,CAPRICORN,z), 

where t r e e i s equal t o the b i n a r y t r e e i n ( 3 ) , 
have been executed on t h e theorem p r o v e r of A l l e n & 
Luckham [ 1 ] , a t the A r t i f i c i a l I n t e l l i g e n c e Labora­
t o r y , S t a n f o r d U n i v e r s i t y , in 2.6 seconds (see 
a p p e n d i x ) . 

Procedure E v o c a t i o n 

A computation i s m a i n l y g o a l o r i e n t e d i . e . , 
the i n t e r p r e t e r t r i e s t o f i n d out a d e d u c t i o n t o p -
down from the g o a l . There a r e , however, some im­
p o r t a n t d e v i a t i o n s . 



F i g . 3 . A bo t t om-up p r e - p r o c e s s e d tower 
p rog ram. 

The program i n f i g . 3 w i t h t h e da ta s t r u c t u r e 
p r e - p r o c e s s e d i n t o t h e p rocedu res seems to use the 
" r i g h t " d a t a s t r u c t u r e t ( x , u ) f o r t h i s p rob lem 
where x is a t o p b l o c k and u is e i t h e r an empty 
tower or a tower t ( v . y ) where y is an empty t ow­
e r , deno ted 0 , o r a non-empty t o w e r . N o t a b l y , t h i s 
more d e t e r m i n i s t i c tower program is more than 15 
t imes f a s t e r t han t h e program i n f i g . 2 f o r t h e 
g o a l 

T o w e r ( t ( A , t ( B , t ( C , t ( D , 0 ) ) ) ) ) . 

when run o n t h e t h e o r e m - p r o v e r a t the A r t i f i c i a l 
I n t e l l i g e n c e L a b o r a t o r y , S t a n f o r d U n i v e r s i t y (see 
a p p e n d i x ) . 

In a top-down e x e c u t i o n t h e v a r i a b l e v o f 
atom O n ( x , v ) w i l l a lways be bound to a b l o c k so 
t h e s t a r r e d l i n k i n f i g . 3 w i l l never b e a c t i v a t e d . 
Consequen t l y w e can e rase i t , wh i ch t hen i m p l i e s 
t h a t the r e c u r s i v e " O n " p r o c e d u r e c o n t a i n s a pure 
l i t e r a l and thus can b e d e l e t e d f r om t h e g r a p h . 
T h i s r e a s o n i n g about da ta t ypes wou ld b e s i m p l i f i ­
e d i f t h e v a r i a b l e s and t h e i r t ypes were d e c l a r e d . 
Most o f t h e p r e - p r o c e s s i n g t h a t we have seen 
f o l l o w a one l i n k r u l e (see b e l o w ) . 

One l i n k e v o c a t i o n 

Ano the r i m p o r t a n t d e v i a t i o n f rom a top-down 
c o m p u t a t i o n can o c c u r f rom a one l i n k e v o c a t i o n . 
The one l i n k r u l e , however , i s a l s o u s e f u l d u r i n g 
a top -down c o m p u t a t i o n , because o f the f a c t t h a t 
a who le p r o c e d u r e can be d e l e t e d f r o m a g r a p h , i f 
t h e p r o c e d u r e c o n t a i n s a n atom connec ted w i t h o n l y 
one l i n k , w h i c h i s a c t i v a t e d ( K o w a l s k i [ 6 ] ) . 
The f o l l o w i n g f i g u r e s show a one l i n k e v o c a t i o n . 

F i g . 5 . Graph G" f o l l ows from G by evoking 
statement 3 In a bottom-up computat ion. 

The one l i n k r u l e is app l i cab le again in G", 
t h i s t ime m idd le -ou t , g i v i n g the new fac t 

Own (John . t y re ) 

which is a recu rs ion base. The problem is now s o l ­
ved top-down us ing the recu rs ion base g i v i n g a 
s o l u t i o n x John in the goal 

Own(x , t y re ) . 

The t r ans fo rma t i on from C to C" shows an 
e f f i c i e n t p rob lem-so lv ing sequence by the one l i n k 
r u l e combining bot tom-up, midd le-out and top-down 
computat ion. Bottom-up and midd le-out execut ion 
corresponds to PLANNER'S (Hewit t [A ] ) antecedent 
theorem and top-down to a consequent theorem. 

A matcher con ta in i ng a u n i f i c a t i o n a l g o r i t h m 
(Robinson [ 1 2 ] ) p lays a major r o l e , opera t ing on 
the s u b s t i t u t i o n sets corresponding to a l i n k . The 
matcher computes the s u b s t i t u t i o n set to a new 
l i n k in a l o c a l area. 

6 0 3 

F i g . 4 . Two connect ion graphs G and G'. 
Graph G'. f o l l ows from G by evoking statement 1 
in a top-down computat ion. I n t e r e s t i n g 
s u b s t i t u t i o n s are shown. The do t ted l i n k s 
show r e c u r s i o n . 

There are two atoms connected w i t h on ly one 
l i n k in graph G. Se lec t ing statement 1 g ives a t o p -
down computat ion and a new goa l 

i n C . This goal i s non -de te rm in i s t i c i n the sense 
tha t the i n t e r p r e t e r i s not t o l d which subgoal to 
so lve f i r s t . This problem is discussed tjelow in the 
sec t ions b u i l t - i n procedures and i n s t a n t i a t i o n evo­
c a t i o n . The o ld goa l 

In G, is de le ted g i v i n g a cleaned up graph G ' . 
The one l i n k r u l e does not work in G'; how­

ever , the i n t e r p r e t e r cou ld have fo l lowed the one 
l i n k r u l e in a bottom-up computat ion by evoking 
statement 3 g i v i n g G". 



I n s t a n t i a t i o n e v o c a t i o n 

The graph G 1 in f i g . 4 has no one l i n k atom, 
however, in the goal 

Own(x.z) .Part ( t y r e , z ) 

the second subgoal is more i n s t a n t i a t e d than the 
o t h e r . T l i i s f a c t i s a h e u r i s t i c g i v i n g the i n t e r ­
p r e t e r a h i n t t h a t a f i r s t a t t a c k o n t h a t g o a l 
c o u l d g i v e a more d e t e r m i n i s t i c computation 
(Mlnker e t a l . ( 1 0 ] ) . The i n t e r p r e t e r recognizes 
a l s o t h a t t he subgoals have common v a r i a b l e s i . e . , 
they are dependent. So when se a r c h i n g f o r s o l u t i ­
ons f o r z tn Part ( t y r e , z ) , the I n t e r p r e t e r checks 
these f o r c o m p a t i b i l i t y w i t h the subgoal 

<-- Own(x.z) . 

B u i l t - i n procedures 

The i n t e r p r e t e r a l s o has b u i l t - i n knowledge 
t h a t makes i t s i m p l e r t o w r i t e programs. W e are 
n l r e a d y f a m i l i a r w i t h the b u i l t - i n p r e d i c a t e s 
l.K(u,y) and Gr(u,y) ( t h e d e l e t e program above) 
which arc t r u e when the r e l a t i o n s u < y and 
y > u are s a t i s f i e d . 

We can a l s o use o r d i n a r y numbers l i k e 0, 1, 
2, ... i n s t e a d of 0, s ( 0 ) , s ( s ( 0 ) ) , ... , where s 
Is a successor f u n c t i o n . 

The i n t e r p r e t e r has a knowledge base of use­
f u l L I S P - f u n c t i o n s [11] which can be used as p r o ­
cedures. The knowledge base can be increased by a 
programmer. Some u s e f u l L I S P - f u n c t i o n s e.g., add, 
d i f f e r e n c e and cons which can be r e p r e s e n t e d as 
the f o l l o w i n g procedures: ADD(x,y,z), DlFF(x,y,z) 
and C0NS(x,y,z), where x and y are i n p u t v a r i a b l e s 
and z i s a n o u t p u t v a r i a b l e . I f the i n p u t v a r i a b ­
l e s are i n s t a n t i a t e d w i t h numbers then the ADD and 
DIFF p r e d i c a t e s are solved d i r e c t l y e.g., 

ADD(2,5,z) 

is solved w i t h z 7. The procedure CONS(x,y,z) 
is even solved when the o u t p u t v a r i a b l e z is bound 
t o a l i s t e.g., 

CONS(x,y,[a,b,c]) 

g i v e s x + a and y <--- [ b , c ] 
The matcher can s o l v e more complex problems 

l i k e the t h r e e dependent subproblems 

+- ADD(l,y,z),ADD(x,2,z),ADD(x,y,3) 

from I t s knowledge base i n LISP-code. The s o l u t i o n 
i s e q u i v a l e n t t o the f o l l o w i n g sequence o f s u b s t i ­
t u t i o n s , y < - - - d i f f [ z , l ] , and x < - - - d i f f [ z , 2 ] 
g i v i n g a d d f d i f f l z , 2 ] , d i f f [ z , l ] ] = 3, which g i v e s 
z -<--- 3, y <--- 2 and x <-- 1. 

B u i l t - i n procedures l i k e LE and Gr are used 
f r e q u e n t l y a t d e c i s i o n p o i n t s d u r i n g a computation 
thus they are g i v e n h i g h p r i o r i t y to be matched. 

F u n c t i o n T r a n s f o r m a t i o n 

In the s e c t i o n on p r e - p r o c e s s i n g p r e d i c a t e s 
were I n s t a n t i a t e d w i t h a data s t r u c t u r e ( f u n c t i o n ) . 
Sometimes, however, we want to do the o p p o s i t e 
i . e . , move a f u n c t i o n out o f a p r e d i c a t e and t r a n s ­
form i t t o a p r e d i c a t e . W e e x p l a i n t h i s idea from 
Kowalski [ 9 ] w i t h an example. 

Suppose t h a t we have to s o r t a l i s t of t h r e e e l e -
ments [ c , b , a ] i . e . , the i n i t i a l g o a l i s 

<--- Sort (cons ( c , cons (b, cons (a, n i l ) ) ) , z ) , (1) 

where z i s the o u t p u t v a r i a b l e and x i s the f i r s t 

element and y the r e s t o f the l i s t c o n s ( x . y ) . 
Assume f u r t h e r t h a t we have a procedure 

S o r t ( l i s t ( x ) , z ) < - - - O ( l i s t ( x ) ) (2) 

in the s o r t program. Procedures (1) and (2) do not 
u n i f y though t h e i r f i r s t arguments denote a l i s t . 
But l e t us t r a n s f o r m the term ' l i s t ' i n (2) t o a 
p r e d i c a t e and a l s o use two a u x i l i a r y procedures 
i . e . , 

S o r t ( u . z ) < - - - 0 ( x ) , L i s t ( u , x ) (3) 

and 

L i s t ( c o n s ( x ' , y , ) , l i s t ( x ' , u ' ) ) < - - - - L i s t ( y ' , u ' ) (4) 

L i s t ( c o n s ( x ' , n i l ) , l i s t ( x ' . n i l ) ) (5) 

then the s i t u a t i o n i s changed and y i e l d s a f t e r 
some c o m p u t a t i o n a l steps the i n t e n d e d g o a l 

+ 0 ( l i s t ( c . l i s t ( b t l i s t ( a , n i l ) ) ) ) . (6) 

The t r a n s f o r m a t i o n of a term i n t o a p r e d i c a t e 
extends the domain o f the u n i f i c a t i o n a l g o r i t h m 
and g i v e s the o p p o r t u n i t y to use a u n i f o r m proce­
dure f o r terms and p r e d i c a t e s to determine which 
of them to evoke. 

Goal V a r i a t i o n s 

I n p r o b l e m - s o l v i n g problem v a r i a t i o n some­
times leads to a s u c c e s s f u l s o l u t i o n (Polya [ 1 3 ] ) . 
We show two ways to vary a problem I . e . , problem 
g e n e r a l i z a t i o n and problem s p e c i a l i z a t i o n . I n b o t h 
cases l o g i c a l consequence p l a y s an i m p o r t a n t r o l e . 

Problem g e n e r a l i z a t i o n 

Perhaps the s i m p l i e s t example t h a t shows b o t h 
problem g e n e r a l i z a t i o n and s p e c i a l i z a t i o n i s a f a ­
m i l y example from Kowalski [ 9 ] . 

Suppose t h a t we have the f o l l o w i n g g o a l 

* - Male(x) , Parent ( x , y ) , Father (x) 

and the procedure 

F a t h e r ( x ) * M a l e ( x ) , P a r e n t ( x , y ) , 

then by l o g i c a l consequence we have the new g o a l 

<--- Male ( x ) , P a r e n t ( x , y ) . 

The problem i s g e n e r a l i z e d i n the way t h a t the 
c o n n e c t i o n graph f o r the new g o a l c o n t a i n s l e s s 
d e t a i l s i n form o f p r e d l c a t e ( s ) and l i n k ( s ) , y e t 
s t i l l g i v e s the same s o l u t i o n . 

Problem s p e c i a l i z a t i o n 

A reasoning by l o g i c a l consequence can a l s o 
g i v e a s p e c i a l i z e d problem in the way t h a t we put 
i n more d e t a i l s i n form o f l i n k ( s ) and p r e d i c a t e ( s ) 
i n t o the c o n n e c t i o n graph. 

Suppose we have the g o a l 

<---- M a l e ( x ) , P a r e n t (x,y) 

and the procedure 

F a t h e r ( x ) < - - - M a l e ( x ) , Parent ( x , y ) , 

then by l o g i c a l consequence we have the new g o a l 

< - - - M a l e ( x ) . P a r e n t ( x , y ) . F a t h e r ( x ) . 

The idea of l o g i c a l consequence can a l s o be 
used in a h e u r i s t i c r e a s o n i n g . 
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Suppose t h a t we have a g o a l to show t h a t x is a 
p a r a l l e l o g r a m 

P a r a l l e l o g r a m ( x ) (1 ) 

and a p rocedure d e f i n i n g a p a r a l l e l o g r a m 

P a r a l l e l o g r a m ( x ) (2) 

and two r e c t a n g l e p rocedures 

R e c t a n g l e ( x ) P a r a l l e l o g r a m ( x ) , R i g h t a n g l e d ( x ) , (3) 

Rec tang le (A ) (4) 

Let us assume t h a t the g o a l we o b t a i n by r e s o l v i n g 
(1) and (2) Is v e r y n o n - d e t e r m i n i s t i c ; t hen we 
c o u l d use the i d e a o f l o g i c a l consequence i n a 
h e u r i s t i c r e a s o n i n g and make t h e f o l l o w i n g assump­
t i o n . 

Suppose t h a t R e c t a n g l e ( x ) i s a l o g i c a l consequence 
of P a r a l l e l o g r a m ( x ) , t hen we have the new s p e c i ­
a l i z e d g o a l , 

P a r a l l e l o g r a m ( x ) , R e c t a n g l e ( x ) , (5) 

wh ich by r e s o l u t i o n , (A) and ( 5 ) , g i v e s the g o a l 

P a r a l l e l o g r a m ( A ) , (6 ) 

wh i ch i s more d e t e r m i n i s t i c and c o u l d g i v e a 
f a s t e r s o l u t i o n . T h i s c o m p u t a t i o n i s , however , 
based on a h e u r i s t i c assumpt ion t h a t cou ld be 
f a l s e and thus c o u l d be a wasted c o m p u t a t i o n . 

Whether o r no t I t I s f a v o u r a b l e t o g e n e r a l i z e 
or s p e c i a l i z e a prob lem depends b a s i c a l l y on how 
much each can decrease the n o n - d e t e r m i n i s m of a 
p r o b l e m . 

I n t e r a c t i v e Computa t ion C o n t r o l 

I n t e r a c t i v e c o n t r o l o f a compu ta t i on h e l p s a 
programmer debug a p rog ram, as w e l l as improve a 
p rogram, and can g i v e the programmer h i n t s t h a t he 
can use t o t r i m the sea rch s t r a t e g y . 

Program debugg ing 

A c o m p u t a t i o n is a d e d u c t i o n (a un ique p r o ­
p e r t y o f p r e d i c a t e l o g i c among programming l a n g u ­
ages) , wh ich means t h a t each s t e p In the computa­
t i o n i s a l o g i c a l s t e p . T h i s g i v e s us a p o w e r f u l 
mean t o d i s c o v e r bugs e . g . , m i s s p e l l i n g s , missed 
t e r m i n a t i o n c o n d i t i o n s ( r e c u r s i o n bases) and b a d ­
l y expressed i d e a s . 

Program Improvements 

wh i ch a p r i o r i can b e matched w i t h a l l e lements i n 
t h e da ta base , t h e n t h i s program i s r e a s o n a b l e f o r 
v e r y few e lements o n l y . I f a programmer i s t o l d 
when t h e number of p o s s i b l e matches is more t han a 
g i v e n t h r e s h o l d t hen h e c o u l d s t a r t t h i n k i n g o f 
some program Improvements . 

A s i m p l e r e f i n e m e n t o f t h e g i v e n program i s 
t o s u b s t i t u t e g o a l (2 ) b y g o a l 

(3 ) 

and add t h e p rocedu re 

(A) 

wh ich g i v e s a d e t e r m i n i s t i c s e q u e n t i a l search p r o ­
gram. 

Conc lus ions 

Our e x p e r i e n c e i n p r e d i c a t e l o g i c programming 
has o n l y been p o s i t i v e . A program becomes s t r u c t u ­
red and t r a n s p a r e n t . A l l v a r i a b l e s o f a p rocedure 
a re l o c a l v a r i a b l e s o f t h a t p rocedu re so we do no t 
ge t s i d e e f f e c t s f rom g l o b a l v a r i a b l e s . Each s tep 
in a compu ta t i on i s a l o g i c a l s t e p , wh ich suppo r t s 
debugg ing . A p r o o f of an a l g o r i t h m on a theorem-
p rove r has a d i f f e r e n t behav iou r f r o m , f o r example 
a p r o o f in group t h e o r y where a p roo f of dep th 9 
is a s u r p r i s e , though a p roo f of dep th 42 f o r an 
a l g o r i t h m has been found in 75 seconds (Ta'rnlund 
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APPENDIX 

We show t h r e e programs p r e s e n t e d i n t h e t e x t . The p r o o f s o f t h e programs a r e from t h e theorem-
prover o f A l l e n & Luckham [ 1 ] o f S t a n f o r d U n i v e r s i t y . 

A DELETE PROGRAM 

The program d e l e t e s a node i n a b i n a r y t r e e . I n t h e showed computation t h e node CAPRICORN is d e l e t e d 
from t h e b i n a r y t r e e t h a t perserves the s y m m e t r i c a l o r d e r among the r e m a i n i n g nodes. The o r i g i n a l t r e e i s 
t h e f i r s t argument and the new t r e e i s t h e second i n the p r e d i c a t e DELETE (bottom) g i v e n by the answer 
e x t r a c t o r . 
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TOWER PROGRAM 1 

Thi s tower program does not use any data s t r u c t u r e exept f o r t h e PARTS a s s e r t i o n , which makes i t 
leas e f f i c i e n t than program 2. 
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TOWER PROGRAM 2 

Thi s tower program makes s t r o n g e r use o f the data s t r u c t u r e t ( x , y ) , where x i s the top o f the tower 
and y i s the r e s t . I t i s about 1 5 times f a s t e r than program 1 . 

VAR: u.x.v.g.z; 

PRE_PRED: TOUER.ON,BLOCK; 

PREJ3P: t,A.B,C,D,0; 

0N(xtv)AT0UER(t(v.y))DT0L4ER(t(x. t ( v . y ) J ) ; 

BLOCK(*):>TOUER(t(x,0>); 

ON(A.B) ; 

ON(B.C); 

ON(C.O): 

ON(D.0>; 

BLOCK(A); 

BLOCK(B); 

BLOCK(C); 

BLOCK<D>: 

THH: 

TOUERIt (A, t 13. t<C. MO.0) ) ) > ) ; ; 

CHOICE-STRATEGY-IS: 
V|NE/>SUPPOWT ITNn); 

EDIT-STRATECY-1S: 
DEPTH (GJvLfcNGTH 13) t 

ELAPSEO-TIME -S2S3 

NIL 1 7 
1 -TOUERt t (D .0» ) ;3 8 
2 BLOCK(u)^TOUER(t(u,0));AXIOn 
3 -TOUERCHC. t ( D . 0 J ) ) ; S 8 
6 -TOUl-R<t(B. t ( C . t ( O , 0 ) ) ) ) ; 7 8 
7 -TOUER(t (A, t ( B . t ( C . t ( 0 , 0 ) 1 ) I ) ; T H H 
8 0N(u.x)nT0UERIt (x.v>):>T0UER<t (u. t (x .v) ) ) ;AXIOM 
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