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ABSTRACT 

Th i s paper d e s c r i b e s the d e s i g n o f a g e n e r a l 
purpose d e d u c t i o n eng ine f o r use i n expe r t sys tems. 
I t r e p r e s e n t s an e x t e n s i o n o f a n a t u r a l d e d u c t i o n 
theorem p r o v e r t h a t has e l i m i n a t e d the n e g a t i o n 
symbol in f a v o r o f c e r t a i n t y f a c t o r s and has an 
improved method o f s p l i t t i n g problems i n t o 
subp rob lems . Formulas a re o b j e c t - c e n t e r e d and are 
s t o r e d a t nodes w h i c h a re des igned to c o n t r o l and 
p r o v i d e sha rpe r f ocus to t h e s e a r c h . These nodes 
e i t h e r a re p o i n t e d to by words in a d i c t i o n a r y o r 
a re c r e a t e d b y t he d e d u c t i o n eng ine i n i t s a t t emp t 
t o s o l v e a s p e c i f i c p r o b l e m . 

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

T h i s paper d e s c r i b e s t he d e s i g n o f a g e n e r a l 
purpose d e d u c t i o n eng ine f o r use i n e x p e r t sys tems. 
I t goes beyond MYCIN [ 8 ] , [9 ] i n u t i l i z i n g more o f 
t h e power o f p r e d i c a t e l o g i c , w h i l e a t the same 
t i m e , i t s t r e a t m e n t o f c e r t a i n t y f a c t o r s i s no t 
i n t e r t w i n e d w i t h a p a r t i c u l a r sea rch s t r a t e g y (such 
as the backward c h a i n i n g g a t h e r i n g o f ev idence f o r 
c e r t a i n t y f a c t o r e v a l u a t i o n used b y MYCIN). 

The p r e s e n t system employs n a t u r a l d e d u c t i o n 
[1] , [ 3 ] , [A] wh i ch o f f e r s some advantages over 
r e s o l u t i o n [7] i n t h a t 1 ) i t does no t c o n v e r t t o 
c l a u s e f o r m , t h e r e b y making i t s r e p r e s e n t a t i o n 
c l o s e r to t h a t used by humans and s a v i n g 
p o t e n t i a l l y h e u r i s t i c i n f o r m a t i o n , and 2 ) i t i s 
e a s i e r t o s p l i t a p rob lem i n t o subproblems s i n c e 
e x p r e s s i o n s d o no t ge t " m u l t i p l i e d o u t " d u r i n g the 
c o n v e r s i o n t o c l a u s e f o r m . 

The system m a i n t a i n s a d i c t i o n a r y o f wo rds , 
each word p o i n t i n g to one o r more s u b j e c t a r e a s , 
w i t h each s u b j e c t a rea c o n t a i n i n g f o rmu las r e l e v a n t 
t o t he s u b j e c t . T h i s enab les i t t o p rocess a l a r g e 
number of f o r m u l a s by f o c u s i n g on s u b j e c t areas 
r e l e v a n t to t h e q u e r y . The system has a d e d u c t i o n 
module whose p r i m a r y purpose i s to o b t a i n answers 
t o q u e r i e s and w i l l have a knowledge a c q u i s i t i o n 
module whose purpose is to add new fo rmu las to the 
d a t a base and upda te the d i c t i o n a r y . Th i s paper i s 
concerned p r i m a r i l y w i t h t h e d e d u c t i o n modu le . 

T h i s r e s e a r c h was s u p p o r t e d in p a r t by the N a t i o n a l 
Sc ience F o u n d a t i o n under Grant DCR-8408389. 
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CHILDREN:C] i s a f o r m u l a - f r a m e t h a t is t a r g e t e d f o r 
node N, and has f o r m u l a F f o r i t s d e f i n i t i o n , and a 
l i s t o f p a r e n t s P and a l i s t o f c h i l d r e n C . 
A l t h o u g h each f o r m u l a i s s t o r e d i n t h e d a t a base as 
p a r t o f a f o r m u l a - f r a m e , we u s u a l l y w i l l j u s t use 
the word " f o r m u l a " as i t can be t e d i o u s to keep 
mak ing t h i s d i s t i n c t i o n . 

A substitution is a p r o p e r t y l i s t 
[x ( 1 ) : t (1) , x ( n ) : t (n) ] where x (1) , x (n) 
a re v a r i a b l e s and t ( l ) , t ( n ) a re t e r m s . I f S 
i s a s u b s t i t u t i o n [ x ( l ) : t ( 1 ) , x ( n ) : t ( n ) ] and F 
i s a f o r m u l a , t h e n S(F) i s t h e f o r m u l a w h i c h 
r e s u l t s f rom s u b s t i t u t i n g t ( i ) f o r x ( i ) i n f o r m u l a 
F , f o r each i = 1 , , n . 

Two e l e m e n t a r y f o r m u l a s P I ( 0 1 ) and P2(02) can 
b e f u l l y ( p a r t i a l l y ) u n i f i e d b y s u b s t i t u t i o n S i f 
PI < 0, P2 > 0 and o b j e c t 01 ( c a l l e d t he n e g a t i v e 
o b j e c t ) can b e f u l l y ( p a r t i a l l y ) u n i f i e d w i t h 
o b j e c t 0 2 ( c a l l e d t he p o s i t i v e o b j e c t ) . 
S u b s t i t u t i o n S w i l l f u l l y ( p a r t i a l l y ) u n i f y 
n e g a t i v e o b j e c t 0 1 w i t h p o s i t i v e o b j e c t 0 2 i f f o r 
e v e r y a t t r i b u t e : t e r m A l : t l i n 0 1 ( o r , f o r p a r t i a l 
u n i f i c a t i o n , a t l e a s t two a t t r i b u t e : t e r m s i n 0 1 
i n c l u d i n g a t t r i b u t e NAME) t h e r e e x i s t s a n 
a t t r i b u t e : t e r m A 2 : t 2 in 02 such t h a t A1 - A2 and 
e i t h e r (1) S ( t l ) - S ( t 2 ) o r (2) n e g a t i v e o b j e c t t1 
i s f u l l y 
u n i f i e d w i t h p o s i t i v e o b j e c t t 2 b y s u b s t i t u t i o n S , 
or (3) S ( t l ) is of t he fo rm F ( r ) where F is an 
e x e c u t a b l e f u n c t i o n symbol and e x e c u t i o n o f 
F ( S ( t 2 ) , r ) r e t u r n s TRUE. We w i l l r e f e r to a 
u n i f i c a t i o n a s p a r t i a l o n l y i f i t i s n o t f u l l . 
When s u b s t i t u t i o n S u n i f i e s n e g a t i v e o b j e c t 01 w i t h 
p o s i t i v e o b j e c t 0 2 , i t produces a r e s i d u a l w h i c h i s 
empty i f S(01) and S(02) a r e f u l l y u n i f i e d b y S . 
O t h e r w i s e , t h i s r e s i d u a l i s an o b j e c t w i t h t he same 
NAME as S(01) and c o n t a i n s a l s o any 
a t t r i b u t e : t e r m f rom S(01) t h a t c o u l d n o t b e u n i f i e d 
w i t h a c o r r e s p o n d i n g a t t r i b u t e : t e r m f r o m S ( 0 2 ) , 

For example , s u b s t i t u t i o n [ x : J0HN, y:ATLANTA] 
p a r t i a l l y u n i f i e s - l [ N A M E : x , AGE .-GREATER-THAN (28) , 
FLIES:[NAME:VERB, TENSE:PAST, DEST:y ] 
w i t h [NAME:JOHN, FLIES:[NAME:VERB, TENSE:PAST, 
DEST:ATLANTA]] and wou ld p roduce as o u t p u t - 1 ( 0 ) 
where 0 is the r e s i d u a l [NAME:JOHN, 
AGE:GREATER-THAN(28)]. 

However , the n e g a t i v e o b j e c t w o u l d 
have been f u l l y u n i f i e d w i t h [NAME:JOHN, AGE:43, 
FLIES:[NAME:VERB, TENSE:PAST, CARRIER:DELTA, 
DEST:ATLANTA, DURING:1983]] assuming t h a t t he 
e x e c u t i o n of GREATER-THAN(A3,28) r e t u r n e d TRUE. 

3 . I n f e r e n c e Rules 

Ru les t h a t a re p r e f i x e d w i t h t h e l e t t e r R a re 
rep lacemen t r u l e s and o p e r a t e on a s i n g l e i n p u t . 
Ru les p r e f i x e d by T i n v o l v e two i n p u t s whereas 
r u l e s p r e f i x e d by S i n v o l v e t h e s p l i t t i n g o f a 
d i s j u n c t i o n F \ / G . S ince f o r m u l a P(F) w i l l b e 
r e g a r d e d as e q u i v a l e n t to F when P - 1, any r u l e 
w h i c h a p p l i e s to P(F) when P - 1 w i l l a p p l y a l s o to 
f o r m u l a F. 

T2: If Pl(01) and P2(02) are f u l l y u n i f i e d by the 
s u b s t i t u t i o n S, where P1 < 0 and P2 > 0, then 
produce the i o l u t i o n t r i p l e (W,S(Ol),S) where W 
equal ! MIN(|P1| ,P2). W is ca l l ed the value of 
the t r i p l e . This i o l u t i o n t r i p l e w i l l be 
targeted for some node N, as described in 
sect ion 4, and then w i l l be compared w i th 
previous so lu t i on t r i p l e s from node N. 

We say that so lu t i on t r i p l e (A,B,.C) 
subsumes so lu t i on t r i p l e (DfE,F) i f , t r e a t i n g C 
and F as property l i s t s , we can f u l l y un i f y 
-1(C) and F without i n s t a n t i a t i n g any var iab les 
of s u b s t i t u t i o n F. 
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Each p r e v i o u s s o l u t i o n t r i p l e (A,B,C) o f 
node N f i r s t i s examined t o see i f i t i s 
subsumed b y the c u r r e n t t r i p l e ( W , S ( 0 1 ) , S ) . I f 
(W,S(01 ) ,S ) subsumes (A,B,C) where A < 1 and 
these two t r i p l e s do no t have the same 
independent a n c e s t o r , then A i n the t r i p l e 
(A ,B,C) is r e p l a c e d by A + W - A*W and the 
r e v i s e d t r i p l e (A,B,C) i n h e r i t s t he independent 
a n c e s t o r s o f ( W , S ( 0 1 ) , S ) . A f t e r a l l p r e v i o u s 
s o l u t i o n s have been examined in t h i s manner, 
t h e y t h e n a re reexamined to see i f any subsume 
the c u r r e n t t r i p l e . 

I f t he r e e x a m i n a t i o n shows t h a t (D,E,F) 
subsumes (W,S(01) ,S) where W < 1 and these two 
t r i p l e s do no t have the same independent 
a n c e s t o r , t hen W i n the c u r r e n t t r i p l e 
(W,S(01) ,S ) is r e p l a c e d by D + W - D*W and the 
c u r r e n t t r i p l e i n h e r i t s the independent 
a n c e s t o r s o f ( D , E , F ) . A f t e r a l l p r e v i o u s 
s o l u t i o n t r i p l e s have been reexamined i n t h i s 
manner, t h e c u r r e n t t r i p l e i s added t o the l i s t 
o f s o l u t i o n s f o r node N i f i t i s n o t subsumed 
by a p r e v i o u s s o l u t i o n whose v a l u e was as g r e a t 
as the upda ted v a l u e W of the c u r r e n t t r i p l e 
( e l s e the c u r r e n t t r i p l e i s d i s c a r d e d ) . 

T3: I f P I ( 0 1 ) and P2(02) can be p a r t i a l l y u n i f i e d , 
where P1 < 0 and P2 > 0, then produce as ou tpu t 
P(0) where P - - 1 * M i n ( | P i | , P 2 ) and 0 is the 
r e s i d u a l o f the u n i f i c a t i o n . 

T4 : Suppose P l ( 0 1 ) — > B and P2(02) a re in t h e da ta 
base f o r P l *P2 > 0 . Let P« M I N ( | P 1 | , | P 2 | ) . 
I f s u b s t i t u t i o n S f u l l y u n i f i e s - 1 *P1 (01 ) and 
P 2 ( 0 2 ) , t hen produce as ou tpu t P ( S ( B ) ) . I f 
P2 > 0 and s u b s t i t u t i o n S p a r t i a l l y u n i f i e s 
- 1 * P 1 ( 0 1 ) and P 2 ( 0 2 ) , t hen produce as o u t p u t 
P ( 0 ) — > S ( B ) where 0 is the r e s i d u a l c r e a t e d by 
t h e u n i f i c a t i o n . 

The matcher w i l l examine the a t t r i b u t e : t e r m s 
f rom the n e g a t i v e o b j e c t i n o rde r o f o c c u r r e n c e 
(excep t t h a t a p p l i c a t i o n o f a n a t t r i b u t e : t e r m f rom 
the n e g a t i v e o b j e c t i s de layed i f the term i n v o l v e s 
an e x e c u t a b l e f u n c t i o n s y m b o l ) . When g i v e n a 
c h o i c e , i t w i l l i n s t a n t i a t e a v a r i a b l e f r om the 
p o s i t i v e o b j e c t r a t h e r t han the n e g a t i v e o b j e c t , 
excep t when a f u l l u n i f i c a t i o n i s r e q u i r e d . I f a 
f u l l u n i f i c a t i o n i s no t r e q u i r e d , then once a n 
a t t r i b u t e ( o t h e r t han NAME) f rom the n e g a t i v e 
o b j e c t has one o f i t s v a r i a b l e s c o n s t r a i n e d , the 
i n s t a n t i a t i o n o f v a r i a b l e s a s s o c i a t e d w i t h 
subsequent a t t r i b u t e s o f t he n e g a t i v e o b j e c t w i l l 
no t be a l l o w e d . For example , u n i f i c a t i o n o f 
[NAME:J, A l : x , A 2 : y , A 3 : x , A4 :b ] w i t h -1 [NAME:J , 
A l : w , A 2 : d , A 3 : c , AA:w] f o r v a r i a b l e s w , x , y and 
c o n s t a n t s b , c , d , J wou ld se t x - w, y - d bu t wou ld 
n o t i n s t a n t i a t e e i t h e r x - c or w - b s i n c e s e t t i n g 
e i t h e r x = c or w - b wou ld n e c e s s i t a t e 
i n s t a n t i a t i o n o f v a r i a b l e w f rom the n e g a t i v e 
o b j e c t and v a r i a b l e w a l r e a d y was c o n s t r a i n e d to 
equa l x b y t he p r e v i o u s a t t r i b u t e A l . I n s t e a d , i t 
wou ld p roduce t h e r e s i d u a l -1 [NAME:J , A 3 : c , A 4 : W ] 
wh ich l a t e r c o u l d b e u n i f i e d w i t h [NAME:J, A l : x , 
A 2 : y , A 3 : x , AA:b ] f o r x - c and w - b . 

S1: Replace f o r m u l a - f r a m e [DEFINITION: , NODE:P, 
. . . . ] by f i r s t c r e a t i n g two nodes N l and N2 
where N l i n i t i a l l y i s [FORMULAS:NIL, 
SOLUTIONS-.NIL, PFORM: , PNODE:P, 
NEXT-CASE:G, SIBLING:N2] and N2 i n i t i a l l y i f 
[FORMULAS:NIL, SOLUTIONS:NIL, PFORM: 
PN0DE:P, NEXT-CASE:NIL, S I B L I N G : N l ] . PN0DE:P 
i n d i c a t e s t h a t node P i s the pa ren t o f t h i s 
node and PFORM: i n d i c a t e s t h a t i s the 
f o r m u l a wh ich produced t h i s node. Formula F i s 
c r e a t e d and t a r g e t e d f o r node N l . Any s o l u t i o n 
produced by way of f o r m u l a F is added to t h e 
SOLUTIONS a t t r i b u t e of node N l . As soon as a 
s i n g l e s o l u t i o n i s f o u n d , the f o r m u l a G w i l l b e 
c r e a t e d and t a r g e t e d f o r node N2. Any v a r i a b l e 
a p p e a r i n g in bo th F and G is s u i t a b l y tagged 
and r e f e r r e d to as a l a b e l e d v a r i a b l e . A 
v a r i a b l e , whose v a l u e is sought as an answer to 
the o r i g i n a l q u e s t i o n , is a l s o tagged as a 
l a b e l e d v a r i a b l e . When a t t e m p t i n g to u n i f y a 
l a b e l e d v a r i a b l e w i t h a n o r d i n a r y v a r i a b l e , i t 
w i l l b e the o r d i n a r y v a r i a b l e wh i ch g e t s 
i n s t a n t i a t e d . Both r u l e T l and the subsumpt ion 
t e s t s o f r u l e T2 are not a l l o w e d to i n s t a n t i a t e 
a l a b e l e d v a r i a b l e . Each f o r m u l a - f r a m e has an 
a t t r i b u t e c a l l e d SUBSTITUTION whose v a l u e i s 
the s u b s t i t u t i o n t h a t r e f l e c t s a l l b i n d i n g s o f 
l a b e l e d v a r i a b l e s a l ong the p a t h wh i ch l e d t o 
the f o r m u l a . I n o rde r f o r a t w o - i n p u t 

i n f e r e n c e r u l e t o be s u c c e s s f u l , i t must be 
ab le t o r e c o n c i l e the s u b s t i t u t i o n s i n h e r i t e d 
f rom each o f i t s two i n p u t s . The 
r e c o n c i l i a t i o n i s accompl i shed by u n i f y i n g t h e 
v a l ues o f c o r r e s p o n d i n g v a r i a b l e s i n t h e s e 
s u b s t i t u t i o n s and then merg ing the s u b s t i t u t i o n 
e lements to produce a c o n s i s t e n t s u b s t i t u t i o n 
S. For example, i f the two s u b s t i t u t i o n s were 
[ u : z , v : f ( 5 3 ) , w:37] and [ u : y , v : f ( z ) , x : A 8 ] 
f o r v a r i a b l e s u , v , w , x , y and z , t hen the 
r e c o n c i l e d s u b s t i t u t i o n S wou ld be [ u : 5 3 , 
v : f ( 5 3 ) , w : 3 7 , x : 4 8 , y : 5 3 , z : 5 3 ] . The 
r e c o n c i l e d s u b s t i t u t i o n S then would be merged 
w i t h any b i n d i n g s o f a d d i t i o n a l l a b e l e d 
v a r i a b l e s produced b y the i n f e r e n c e r u l e t o 
fo rm the v a l u e o f a t t r i b u t e SUBSTITUTION 
a s s o c i a t e d w i t h the ou tpu t o f t he r u l e . 

S2: I f a new s o l u t i o n is added to node N, and 
SIBLING is no t an a t t r i b u t e o f node N, t h e n 
t h i s s o l u t i o n r e p r e s e n t s an answer to our 
o r i g i n a l q u e s t i o n . O t h e r w i s e , the s o l u t i o n s o n 
the SIBLING node of N are examined. In 
p a r t i c u l a r , we use the r e c o n c i l i a t i o n p rocess 
d e s c r i b e d a t the end o f r u l e S1 in o r d e r to 
make the s u b s t i t u t i o n a s s o c i a t e d w i t h t h i s new 
s o l u t i o n c o n s i s t e n t w i t h the s u b s t i t u t i o n 
a s s o c i a t e d w i t h a s o l u t i o n on t h e SIBLING node . 
I f t he r e c o n c i l i a t i o n i s s u c c e s s f u l f o r some 
s u b s t i t u t i o n S and the two s o l u t i o n s had v a l u e s 
Wl and W2 r e s p e c t i v e l y , t hen a new s o l u t i o n 
t r i p l e (W,H,S) wou ld be p roduced , where W * 
MIN(W1,W2) and H is v a l u e of a t t r i b u t e PFORM of 
bo th N and i t s s i b l i n g M. At the PNODE of N 
and M, the new t r i p l e would undergo t h e 
exam ina t i ons d e s c r i b e d i n r u l e T 2 and i t i t a t 
t h i s PNODE t h a t the new s o l u t i o n t r i p l e (W,H,S) 
would b e a s s i g n e d . I t i s p o s s i b l e t h a t t he 
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same so lu t i on from N might be reconci led w i th 
more than one so lu t i on on the s i b l i n g node. 
However, i f (1) the reconci led so lu t i on (W,H,S) 
had a value W which was >= a threshold 
(determined from the statement of the problem) 
and (2) e i the r s u b s t i t u t i o n S d id not 
i n s t a n t i a t e any labeled var iab les or i t s 
i n s t a n t i a t i o n of labeled var iab les occurred 
p r i o r to the processing of N and i t s s i b l i n g , 
then th i s PNODE and a l l i t s descendants would 
be designated as INACTIVE and no more formulas 
invo lv ing these nodes would be processed. A 
node also would be designated as inac t i ve once 
both i t s ch i ld ren were designated as i n a c t i v e . 

A. Control St ructure 

The inference engine begins w i th a g lobal l i s t 
ca l led UNPROCESSED, cons is t ing of formulas that 
have not yet been processed by any of the inference 
r u l e s . One of the unprocessed formulas on t h i s 
g lobal l i s t could be the denia l of the theorem to 
be proved. Whenever an inference ru le creates a 
new formula, it is sent immediately to the 
UNPROCESSED l i s t . While g lobal l i s t UNPROCESSED is 
non-empty, the inference engine w i l l remove 
formulas from UNPROCESSED and apply the replacement 
ru les Rl through R20. The input of a replacement 
ru le is discarded whenever the ru le is successfu l . 
Any formula which survives a l l the replacement 
rules is appl ied to ru le T1 and then ( i f i t 
survives ru le TlA) is appl ied to ru le T2. Upon 
completion of r u l e T2, the formula would be 
t rans fer red to a g lobal l i s t ca l l ed SURVIVORS. 

When a formula is t rans fe r red to SURVIVORS, it 
is a lso t rans fe r red simultaneously to the node 
associated w i th the formula ( i . e . , value of 
a t t r i b u t e NODE of i t s formula- f rame). Each of the 
i n i t i a l formulas on the UNPROCESSED l i s t is 
targeted for a specia l node ca l l ed TEMPORARY. The 
output of a replacement ru le is targeted fo r the 
same node as the formula being replaced. However, 
fo r a formula to get sent to i t s node, it must 
f i r s t reach the SURVIVORS l i s t by completing 
ru le T2. 

The replacement ru les were designed so that 
any formula which reaches the SURVIVORS l i s t must 
be e i t he r a procedural formula, a d i s j u n c t i o n , an 
elementary formula, or a product ion ru le whose 
premise is an elementary formula. When the 
UNPROCESSED l i s t is empty, the top ranked formula 
is removed from the SURVIVORS l i s t and appl ied to 
the inference r u l e s . I f t h i s top ranked formula is 
a procedural formula, then it is executed as a 
procedure (poss ib ly sending some output formulas to 
the UNPROCESSED l i s t ) and then discarded. If the 
top ranked formula is a d i s j u n c t i o n , then it is 

appl ied to s p l i t t i n g ru le S1. 
Otherwise, i t is appl ied to the two-input 

ru les T3 and T4, as it e a r l i e r had been appl ied to 
Tl and T2. In both instances, t h i s formula is 
designated as the primary inpu t . The attempt to 
apply the two-input inference ru les to the primary 
input is ca l led a cycle and proceeds without 
i n t e r r u p t i o n . This attempt requires a search for 
secondary inputs since each of these rules requires 
two inpu ts . Once a primary input has completed i t s 
cycle fo r T3 and T4, it is used only as a secondary 
i npu t . The search for a secondary input is 
confined to 1) the same node as the primary inpu t , 
2) nodes that are ancestors of the node associated 
w i th the primary input , and e i t he r 3) a l l nodes 
pointed to by the d i c t i ona ry from key words in the 
primary input i f the primary input is an elementary 
formula, or 4) a l l nodes pointed to by the 
d i c t i ona ry from key words in the premise of the 
primary input i f the primary input is a product ion 
r u l e . The output of a two-input inference ru le 
(and th i s includes the so lu t i on t r i p l e s of T2) is 
always targeted fo r the same node as the primary 
inpu t . 

5. Some Observations 

The object-centered representat ion and the 
a b i l i t y t o un i f y a r b i t r a r i l y nested property l i s t s 
enables us to combine some of the expressiveness of 
semantic nets [6] w i th the deductive power of 
predicate l o g i c . Since a c e r t a i n t y fac to r is 
computed automat ica l ly for the output(s) of each 
inference r u l e , useful in format ion is thereby 
immediately made ava i lab le to help cont ro l the 
search. Rules T1B and T2 al low us to combine 
independent sources of evidence, but instead of 
doing i t v i a the backward chaining gather ing of 
evidence employed by MYCIN, it is done in a more 
incremental manner. 

The s p l i t t i n g rules insure that problems can 
be decomposed without s a c r i f i c i n g f l e x i b i l i t y of 
c o n t r o l . The use of nodes as con t ro l elements 
helps to avoid the combinator ia l explosion and 
backtracking that can resu l t when a so lu t i on to a 
case forces a hopeless search of the subsequent 
case. I t accomplishes th i s by generat ing so lu t ions 
to the cases independently and reso lv ing c o n f l i c t s 
w i th the companion case only when a new so lu t i on is 
discovered. However, un l i ke [ 5 ] , i t does not 
at tack each case in succession and then attempt to 
resolve c o n f l i c t s a f terward. I t avoids a 
precommitment to any case by a t tack ing the cases in 
p a r a l l e l and reso lv ing c o n f l i c t s as they are found. 
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