
A WEIGHTED TECHNIQUE IN HEURISTIC SEARCH 

Zhang , Bo 

D e p t . o f Computer S c i e n c e 
T s i n g h u a U n i v e r s i t y 
B e i j i n g , C h i n a 

Zhang , L i n g 

D e p t . o f M a t h e m a t i c s 
A n q i n g T e a c h e r s ' C o l l e g e 
A n q i n g , A n h u i , C h i n a 

ABSTRACT 

As shown in [1], we examine s e a r c h as a s t a t i s ­
t i c s a m p l i n g p r o c e s s . Based o n some s t a t i s t i c a l 
i n f e r e n c e method t h e p r o b a b i l i t y t h a t a s u b t r e e 
i n s e a r c h t r e e c o n t a i n s t h e g o a l can b e d e c i d e d . 
Thus some w e i g h t i s i n t e n t i o n a l y added t o t h e 
e v a l u a t i o n f u n c t i o n o f t h o s e nodes w h i c h a r e u n ­
l i k e l y i n t h e s o l u t i o n p a t h s o t h a t t h e s e a r c h 
w i l l c o n c e n t r a t e o n t h e most p r o m i s i n g p a t h . I t 
r e s u l t s i n a new w e i g h t e d a l g o r i t h m - W S A . 

Tn a u n i f o r m m-ary t r e e , we show t h a t a g o a l 
can be f o u n d by WSA in t h e p o l y n o m i a l t i m e , 
a l t h o u g h t h e c o m p u t a t i o n a l c o m p l e x i t y o f A ( o r A*) 
may be 0 ( e ) f o r s e a r c h i n g t h e same s p a c e . Where 
N i s t h e d e p t h a t w h i c h t h e g o a l i s l o c a t e d . 

INTRODUCTION 

We igh ted t e c h n i q u e s i n h e u r i s t i c s e a r c h have 
been i n v e s t i g a t e d b y s e v e r a l r e s e a r c h e r s ( e . g . , 
see [2 ] - ( 4 ) ) . A l t h o u g h t hoes methods made t h e 
aea rch more e f f i c i e n c y , t h e imp rovemen t i s r a t h e r 
l i m i t t e d because w e i g h t s a re u s u a l l y added t o a l l 
nodes u n d i c r i m i n a l l y , f o r e x a m p l e , i n [2) the? same 
w e i g h t X i s a p p l i e d t o each n o d e . 

o 
The a l t e r n a t i v e w e i g h t e d t e c h n i q u e p r e s e n t e d 

h e r e i s t h e f o l l o w i n g . A c c o r d i n g t o d e c i s i o n s 
made by some s t a t i s t i c i n f e r e n c e method d u r i n g A 
( o r A * ) s e a r c h a w e i g h t w i l l On ly be added t o t h e 
e v a l u a t i o n o f some nodes w h i c h a r e u n l i k e l y i n 
the s o l u t i o n p a t h . I t r e s u l t s i n a new w e i g h t e d 
t e c h n i q u e t h a t w i l l p r o v i d e b e t t e r r e s u l t s . 

A NEW WEIGHTED METHOD 

A s shown i n ( 1 ] , unde r c e r t a i n c o n d i t i o n s w e 
examine s e a r c h as a s t a t i s t i c s a m p l i n g p r o c e s s so 
t h a t s t a t i s t i c i n f e r e n c e method can b e used d u r ­
i n g t h e s e a r c h . Assume t h e Wald s e q u e n t i a l 
p r o b a b i l i t y r a d i o t e s t (SPRT) i s used a s a t e s t ­
i n g h y p o t h e s e s . I n some s e a r c h i n g s t a g e , i f t h e 
h y p o t h e s i s t h a t some s u b t r e e T c o n t a i n s s o l u t i o n 
p a t h i s r e j e c t e d , f r o m ( 1 ) i t ' s known t h a t s u b t r e e 
T c o n t a i n s t h e g o a l w i t h l o w e r p r o b a b i l i t y . 
R a t h e r than p r u n i n g T ( a s in [1 ] ) a f i x e d w e i g h t 
w i s added t o t h e e v a l u a t i o n f u n c t i o n o f nodes i n 
T , i . e . , f ( n ) = f ( n ) + w . I f t h e h y p o t h e s i s t h a t t h e 

s u b t r e e T ' c o n t a i n s t h e g o a l i s a c c e p t e d , t h e 
same w e i g h t i s added t o a l l nodes i n t h e b r o t h e r -
s u b t r e e s o f T 1 w h i c h r o o t s a r e t h e b r o t h e r s o f 
t h e r o o t o f TV. I f no d e c i s i o n can be made t h e 
s e a r c h p r o c e s s i s c o n t i n u e d a s i n A s e a r c h . Thus 

t h e s e a r c h w i l l c o n c e n t r a t e o n t h e s u b t r e e s 
w h i c h c o n t a i n t h e g o a l w i t h h i g h e r p r o b a b i l i t y 
due t o t h e w e i g h t i n g . T h i s new a l g o r i t h m i s 
c a l l e d t h e w e i g h t e d SA search—WSA. 

THE COMPLEXITY OF WSA 

Assume t h e s e a r c h space i s a u n i f o r m m - a r y 
t r e e , t h e SPRT i s used a s t h e t e s t i n g h y p o t h e s e s 
and t h e g i v e n s i g n i f i c a n c e l e v e l i s 

The c o m p l e x i t y o f a n a l g o r i t h m i s 
d e f i n e d as t h e e x p e c t e d number o f nodes expanded 
by t h e a l g o r i t h m when a g o a l is f o u n d . We have 
p r o v e d t h e f o l l o w i n g theorems ( t h e p r o o f i s 
p r e s e n t e d i n t h e A p p e n d i x ) . 

Theorem 1: Assume and C is 
a known c o n s t a n t , N i s t h e d e p t h a t w h i c h t h e 
g o a l i s l o c a t e d , P(A) i s t h e c o m p l e x i t y o f a l g o ­
r i t h m A when i t s e a r c h e s t h e same s p a c e . U s i n g 

t h e w e i g h t e d f u n c t i o n w h e r e 

( t h e o p t i m a l w e i g h t ) t h e c o m p l e ­

x i t y o f a l g o r i t h m WSA i s 

Theorem ? : I f u s i n g t h e 

w e i g h t e d f u n c t i o n where 

t h e n t h e c o m p l e x i t y o f WSA i s 

O b v i o u s l y , t h e new w e i g h t e d method can i m p r o v e 
t h e c o m p u t a t i o n a l c o m p l e x i t y g r e a t l y . 

G e n e r a l l y , i s e i t h e r 
and i t ' s unknown. When a n a r b i t r a r y w e i g h t 
i s used i n WSA s e a r c h , how a b o u t i t s c o m p l e x i t y ? 

Theorem 3 : I f , and C is 

unknown, u s i n g t h e w e i g h t e d f u n c t i o n 

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

c e l e v e l i s used f o r t e s t i n g s u b t r e e s , 

t h e n 

Theorem 4: , u s i n g t h e same 
w e i g h t e d f u n c t i o n t h e c o m p l e x i t y o f 

WSA s e a r c h r e m a i n s i n t h e p o l y n o m i a l t i m e . 

ALGORITHM WSA 

G i v e n a n e v a l u a t i o n f u n c t i o n ( s t a t i s t i c ) f ( n ) 
and a t e s t i n g h y p o t h e s e s m e t h o d , t h e WSA s e a r c h 
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procedure as fo l lows: 
(1) Create a l i s t cal led OPEN. Expand i n i t i a l 

node 3 , generating i t s m successors, put them 
on OPEN. 

Create a l i s t CLOSED, I t ' s i n i t i a l l y empty. 
Create a l i s t ROOTS. Put m successors of S 

on i t , The node in ROOTS is called a. 
(2) LOOP: If OPEN is empty, exi t with fa i l u re 

( i t ' s impossible that OPEN is empty when there 
exists a goal in the search t ree) . 

(3) Select the f i r s t node on OPEN, remove it 
from OPEN, and put it on CLOSED. Call th is node 
n. 

(4) If n is a goal, ex i t successfully with the 
solut ion obtained by tracing a path along the poin­
ters which are established in step 5. 

(5) Expand node n, generating i t s m successors, 
Put them on OPEN.Establish a pointer to n from 
these successors. 

(6) If some subtree T(a) is accepted according 
to some testing hypothese, add a weight w to the 
s ta t i s t i c s of a l l nodes in the brother-subtree of 
T(a), remove the root nodes of T(a) and i t s bro­
ther-subtrees from ROOTS and put thei r successors 
on ROOTS. 

(7) Reorder the l i s t OPEN according to s t a t i s ­
t i c s . Go LOOP. 

CONCLUSIONS 
A new weighted technique is incorporated in A 

(or A*) search. While the algorithm A searches 
a space using evaluation function f ( n ) , some 
weight w is added to f (n) (f (n)=f(n)+w) of the 
nodes which are unl ikely in "the solut ion path 
according to decisions made by some s ta t i s t i c 
inference method. Thus the paths that contain the 
goal with higher probabi l i ty w i l l be expanded 
more due to the weighting. 

In a uniform m-ary tree, we show that a goal 
can be found by WSA in the polynomial time, a l ­
though the complexity of A may be 0(e ) for 
searching the same space. 

Both algorithm A (3] and SA are special cases 
of th is more general algorithm WSA. Note that 
when w =0 algorithm WSA is iden t ia l to A search. 
While w = +oo algorithm WSA degenerates into SA 
search. 

APPENDIX 
The proof of Theorem 1: 
For s impl ic i ty , we assume the search space is 

a uniform 2-ary t ree, m-2, in the fol lowing 
discussion. There is no loss of general i ty in 

CN assuming that P(A)=e 
If a s ta t i s t i c decision is made in some search 

stage,a weight w is added to evaluation of nodes 
of the rejected subtrees. A subtree is cal led a 
completely weighted i f a l l i t s subtrees have 
been decided to be rejected or accepted. The 
subtree shown in Fig.1 is completely weighted 
(Where the rejected subtrees are marked with 
sign "X" ). 

Obviously, a completely weighted subtree has 
more expanded nodes than the incompletely weight­
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