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ABSTRACT 

In t h i s paper , we desc r ibe a method 
us ing semantic c o n s t r a i n t s to reduce the 
a m b i g u i t i e s and generate case s t r u c t u r e 
f rom phrase s t r u c t u r e in Chinese sentence 
a n a l y s i s . 

Semantic c o n s t r a i n t s w r i t t e n on 
semantic markers i n d i c a t e the p l a u s i b l e 
case s t r u c t u r e . D i f f e r e n t se ts o f semantic 
markers are chosen accord ing to the 
purpose. A p r i o r i t y e v a l u a t i o n scheme 
s tee rs the a n a l y s i s towards the most 
p l a u s i b l e s t r u c t u r e f i r s t , w i t h o u t t r y i n g 
a l l p o s s i b i l i t i e s . 

1. INTRODUCTION 

Chinese i s w r i t t e n w i t h cha rac te rs 
t h a t d o n ' t admit f o rma l i n f l e c t i o n s t o 
i n d i c a t e the grammat ica l c a t e g o r i e s o f 
words. A l s o , t he re are few f u n c t i o n a l 
words, so few cues are a v a i l a b l e to 
i n d i c a t e the grammat ica l s t r u c t u r e . 

Automat ic pa rs ing of Chinese runs 
immedia te ly i n t o an exp los i ve growth of 
p o s s i b l e s t r u c t u r e s due to amb igu i t y , so 
s y n t a c t i c and semantic c o n s t r a i n t s must be 
i n t roduced as soon as p o s s i b l e in the 
a n a l y s i s t o r e s t r i c t the search . 

Knowledge t h a t can be used f o r t h i s 
purpose is mos t l y o f a p a r t i a l nature t h a t 
leads to " p l a u s i b l e " i n t e r p r e t a t i o n s . As 
such, i t i s d i f f i c u l t t o manage, because 
seve ra l p o s s i b i l i t i e s occur a t each s t e p . 

In a p rev ious paper (Yang et a l . 
1984) , we show how to use the knowledge 
assoc ia ted w i t h " c h a r a c t e r i s t i c words" i n 
a preprocessor designed to precede 
s y n t a c t i c a l a n a l y s i s . 

Here we desc r ibe a system t h a t uses 
the semantic ca tego r i es o f words to o b t a i n 
case s t r u c t u r e . 

2. CASE STRUCTURE ANALYSIS 

In Chinese, we cannot d e r i v e the 
phrase s t r u c t u r e from the s y n t a c t i c 
ca tego r i es of the words and phrases, 
because cues such as con junc t i ons and 
i n f l e x i o n s are f o r most p a r t l a c k i n g . 

A l l t h ree examples show the same 
sequence NP-VT-NP-VP. The NP, VP, e t c . , 
are the p a r t i a l r e s u l t s of a phrase 
s t r u c t u r e a n a l y s i s s tage , but the a n a l y s i s 
cannot proceed from here on. A l l the 
examples c o n s i s t o f two c l a u s e s , bu t the 
r e l a t i o n s h i p between them i s d i f f e r e n t i n 
each case. In Example 2, the c lause is 
embedded, whereas Examples 1 and 3 have 
both a " p i v o t a l s t r u c t u r e " ( L i and 
Thompson 1981) , t h a t i s , the second NP is 
both the o b j e c t o f the preceding c lause 
and the sub jec t o f the f o l l o w i n g c l ause . 
These d i f f e r e n c e s on ly emerge if one-
cons iders the meaning of the words. 

In our system we t r y to app ly 
semantic knowledge t o l i f t t h i s k i nd o f 
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3. SEMANTIC CONSTRAINTS FOR CASE STRUCTURE 

We determine the case s t r u c t u r e f rom 
the p a r t i a l s y n t a c t i c s t r u c t u r e us ing 
semantic markers. The semantic markers 
( f o r nouns, v e r b s , e t c . ) used f o r w r i t i n g 
the c o n s t r a i n t s are organized in 
h i e r a r c h i e s o f semantic c a t e g o r i e s . 
M u l t i p l e h i e r a r c h i e s are used, accord ing 
to the purpose ( the p a r t i c u l a r ambigu i ty 
to be l i f t e d ) and the sub jec t domain of 
the t e x t . 

Consider the examples above. We 
choose the case s t r u c t u r e accord ing to the 
semantic ca tegory of the ve rbs . Seven 
types o f case s t r u c t u r e are de f i ned f o r 
the NP-VT-NP-VP sequence ( i n c l u d i n g the 
two types shown in f i g u r e 2 ) . L i kew i se , 
verbs are c l a s s i f i e d i n t o seven groups 
named LET, EMOTION, HAVE, KNOW, NEED, 
TEACH and OTHER, each of which corresponds 
to one type of s t r u c t u r e . Note however 
t h a t one verb can belong to severa l groups. 

The r u l e s are l i k e the f o l l o w i n g : 
" i f the preced ing verb belongs to the 

EMOTION group, then use the " p i v o t 
c o n s t r u c t i o n " (as in Example 1 ) , w i t h a 
CAUSE r e l a t i o n ; 

i f the p o s t e r i o r verb ( i n VP) belongs to 
the NEED group, then the preced ing p a r t , 
NP-VT-NP is a c lause which is the 
sub jec t of VP (as in Example 2 ) ; . . . " 

In some cases, the r u l e s g i ve 
c o n t r a d i c t o r y c o n c l u s i o n s . I n Example 1 , 
the verb belongs to the EMOTION group, 
but belongs to the "NEED" group. We 
must f i n d a way of managing such m u l t i p l e 
p o s s i b i l i t i e s and choosing among them. 
Th is is done by means of the p r i o r i t y 
c a l c u l u s scheme t h a t we desc r ibe 
f u r t h e r on. 

Cons ider , as another example, the 
sentence ' . L ike the sentence "A is 
B" in E n g l i s h , is a very common 
sentence i n Chinese, but i t i s d i f f i c u l t 
to decide i t s scope, t h a t i s , where A 
begins and where B f i n i s h e s . As above, we 
l i f t the ambigu i ty by us ing the semant ica l 
p r o p e r t i e s of A and B, to choose f rom 
seve ra l p o s s i b l e phrase s t r u c t u r e s . 

For t h i s p a r t i c u l a r problem we use a 
semantic h i e ra r chy c o n t a i n i n g about 60 
semantic markers f o r nouns, borrowed f rom 
the M u - p r o j e c t . However, we add cross 
r e l a t i o n s h i p s t h a t l i n k some c a t e g o r i e s 
t h a t are not sub -ca tego r i es one of the 
o t h e r . For example, in the phys ics t e x t -
books t h a t we t e s t e d our system w i t h , the 
need appeared f o r r e l a t i o n s h i p s l i n k i n g 
" p h y s i c a l phenomenon" w i t h " r e l a t i o n " , 
" s t anda rd " w i t h " u n i t " e t c . . Th is k i nd o f 
add-on r e l a t i o n s h i p i s domain-dependant. 

In the case where e i t h e r A or B is an 
embedded c l a u s e , a q u i t e d i f f e r e n t 
c l a s s i f i c a t i o n i s a p p r o p r i a t e , group ing 
f o r example the words t h a t would most 
f r e q u e n t l y stand oppos i te an event l i k e 

( r eason ) , (p rob lem) , 
( s t a t e ) , " ( f u n c t i o n ) , e t c . . 

Thus the semant ica l h i e r a r c h i e s are 
both domain and problem (amb igu i t y ) 
dependant. 

4. PRIORITY 

As we mentioned above, our semantic 
c o n s t r a i n t s use knowledge which is 

- not 100% c o r r e c t (on ly s t a t i s t i c a l l y 
p r o b a b l e ) , 

- not complete (descr ibed f o r p a r t s of 
s t r u c t u r e , o r on ly w r i t t e n f o r t y p i c a l 
s i t u a t i o n s ) . 

Th is o f t e n r e s u l t s in some wrong d e c i s i o n s 
when a l o c a l a n a l y s i s is done, so at some 
stages seve ra l p o s s i b i l i t i e s must be 
r e t a i n e d . We use a p r i o r i t y scheme to 
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eva luate the p l a u s i b i l i t y of each case 
s t r u c t u r e and f i n d the best cho i ce . 

I n c a l c u l a t i o n : 
a ) P a r t i a l p r i o r i t y i s c a l c u l a t e d by 

c o n s t r a i n t r u l e s . I t i s determined 
e x p e r i m e n t a l l y . 

b ) P o s i t i v e p r i o r i t y i n d i c a t e s a l i k e l y 
s t r u c t u r e , negat ive p r i o r i t y a n u n l i k e l y 
s t r u c t u r e , 0 i s i n d i f f e r e n t . 

c ) P r i o r i t y o f the whole s t r u c t u r e i s 
the sum o f p a r t i a l p r i o r i t i e s . 

Consider the two p l a u s i b l e s t r u c t u r e s 
in Example 1 , f o r example. The i r scores 
are both g iven as + 1 when the semantic 
c o n s t r a i n t s are checked w i t h NP-VT-NP-VP. 
However, the score f o r "A is B" in the 
s t r u c t u r e of F igure 1 is +1 because both A 
( "he") and B ( " f a t s o " ) belong to the same 
group HUMAN. The score f o r the o ther 
i n t e r p e t a t i o n , " I t i s a b ig f a t s o t h a t the 
c h i l d r e n s laugh a t h i m . " , i s -1 because A, 
an embeded c l a u s e , and HUMAN B ( " f a t s o " ) , 
form an u n l i k e l y p a i r . The two p a r t i a l 
scores above are added t o g e t h e r , and the 
c o r r e c t s t r u c t u r e ( i n F igure 1) has the 
h igher score . 

5. OTHER FEATURES 

For d e s c r i b i n g the knowledge used 
in semantic a n a l y s i s , a complete set of 
r u l e s compr is ing both genera l and word 
s p e c i f i c r u l e s would be clumsy to w r i t e , 
use and mod i fy . I n s t e a d , we use an o b j e c t -
o r i e n t e d scheme to separate the r u l e s i n t o 
independent modules ( o b j e c t s ) accord ing to 
t h e i r o p e r a t i o n a l p r o p e r t i e s , and organ ize 
them i n t o l aye rs of c l a s s e s . More then one 
p a r e n t , or a set of parents are a l l owed . 
The o b j e c t - o r i e n t e d i n t e r p r e t e r suppor ts a 
n o n d e t e r m i n i s t i c search mechanism f o r the 
m u l t i p l e h e r i t a g e . 

A p r i o r i t y - d r i v e n parser i s designed 
to make the search ing e f f i c i e n t . The 
parser does a phrase s t r u c t u r e a n a l y s i s 
f o l l o w i n g c o n t e x t - f r e e grammar r u l e s , i n 
a bot tom-up way. I t evokes an o b j e c t -
o r i e n t e d i n t e r p r e t e r , l i k e c a l l i n g a 
p rocedure , to generate case s t r u c t u r e and 
c a l c u l a t e p r i o r i t y f o r each hypothes is i t 
makes. Only the p a r t i a l r e s u l t w i t h the 
h ighes t p r i o r i t y i s expanded. The o thers 
are saved, so the search ing d i r e c t i o n can 
be ad jus ted each t ime the p r i o r i t y is 
changed. 

Th is system is in the course o f being 
developed and i s on ly p a r t i a l l y completed. 
As a p r e l i m i n a r y e v a l u a t i o n , we t e s t e d the 
system aga ins t 20 t y p i c a l sentences 
se lec ted from grammar books and sc ience 
and technology books in Chinese ( L i and 
Thompson 1981 , Lu 1980, Zhu 1982) . The 
c o r r e c t case s t r u c t u r e s are ob ta ined as 
f i r s t cho ice 70% of the t i m e , and as f i r s t 
or second 100% of t i m e . We a l s o d i d a hand 

s i m u l a t i o n w i t h 160 sentences f rom a 
phys ics book in Chinese, r e s u l t i n g in 
70% success ra te in the f i r s t c h o i c e . 

6. SUMMARY 

In t h i s paper , we descr ibed a 
techn ique f o r semant ica l a n a l y s i s i n our 
Chinese a n a l y s i s system. 

Rules o f p a r t i a l semantic c o n s t r a i n t s 
b u i l t on a l i m i t e d set of concepts are 
used to reduce the a m b i g u i t i e s in case 
s t r u c t u r e g e n e r a t i o n . 

The p r i o r i t y scheme g ives us a way to 
w r i t e incomplete knowledge i n t o our 
r u l e s . The p r i o r i t y - d r i v e n parser guides 
the g l o b a l a n a l y s i s through the search 
space h e u r i s t i c a l l y , so a c o m b i n a t o r i a l 
exp los i on of computat ion can be avo ided . 

The o b j e c t - o r i e n t e d scheme makes it 
easy to modu la r i ze , access and modi fy 
d i f f e r e n t k inds o f knowledge. 

In c o n c l u s i o n , we hope t h i s method to 
be u s e f u l f o r n a t u r a l language p r o c e s s i n g , 
where very complex semant ica l i n f o r m a t i o n 
must be managed in an e f f i c i e n t way. 

ACKNOWLEDGEMENTS 

I wish to thank Assoc ia te 
Pro fessor J u n - i c h i T s u j i i and Dr. J u n - i c h i 
Nakamura o f Kyoto U n i v e r s i t y f o r t h e i r 
he lp and f r u i t f u l d i s c u s s i o n s , and 
Dr . A l a i n de Cheveigne f o r help w i t h the 
E n g l i s h . 


