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Chinese  machine t r a n s l a t l o n  can be ach i ev ed  by o r g a n i z i n g  a l l  

t h e  n e c e s s a r y  l l n g ~ i s t i c  d a t a  in  such a way t h a t  t h e  computer  can 

compare and r e t r i e v e  them in  t h e  most economica l  way. We a re  

c o n s t a n t l y  reminded  t h a t  t h e  s t o r a g e  space  in  t h e  c o ~ u t e r  i s  

l i m i t e d ,  and t h e  p r o c e s s i n g  t ime  i s  e x p e n s i v e .  We mmst aim a t  t h e  

e f f i c i e n c y  o f  t h e  sys tem w i t h o u t  s a c r i f i c i n g  a c c u r a c y .  

F ive  t y p e s  of  l i n g u i s t i c  d a t a  have t o  be s t o r e d  in  t h e  computer  

b e f o r e  a t r a n s l a t i o n  can be r e n d e r e d :  (1) a Ch inese  t o  E n g l i s h  

d i c t i o n a r y ,  (2) Chinese  s y n t a c t i c  r u l e s ,  (3) s y n t a c t i c  c o n v e r s l o n  

r u l e s  from Ch inese  s t r u c t u r e  t o  E n g l i s h  s t r u c t u r e ,  (4) E n g l i s h  

m o r p h o l o g i c a l  r u l e s ,  and (5) t h e  t e x t  t o  be t r a n s l a t e d .  

(1) The d i c t i o n a r y  must have t h e  c a p a b i l i t y  t o  d i s t i n g u i s h  

a u t o m a t i c a l l y  t h e  d i f f e r e n t  meanings which a C h i n e s e  lexeme r e p r e s e n t s .  

l~anmn r e a d e r s  can do t h i s  and 8o can t h e  machine i f  enough l i n g u i s t i c  

i n f o r m a t i o n  i s  s t o r e d  in  t h e  computer .  To a c e r t a i n  e x t e n t  t h e  

meanings  o f  a g i v e n  lexema can be d i f f e r e n t i a t e d  by i t s  d i f f e r e n t  

s y n t a c t i c  f u n c t i o n s .  For example t h e  word i means ' o n e '  when i t  

18 used  as a numera l .  A numeral i8 d e f i n e d  as t h e  c l a s s  o f  words 

which i s  f o l l o w e d  by a c l a s s i f i e r ,  a measure ,  a c o l l e c t i v e  and a 



p a r t i t i v e  noun and o t h e r  n u m e r a l s .  I means ' o n c e '  when i t  i8  used  

as  an a d v e r b  which  i s  a lways  f o l l o w e d  by a v e r b .  Any th ing  e l s e  which  

i s  no t  c o v e r e d  by t h e s e  two r u l e s  w i l l  have  t o  be l i s t e d  i n  t h e  

d i c t i o n a r y  e i t h e r  a s  an idiom or a s  a laxeme with i t s  immedia te  

c o n s t i t u e n t .  Somet imes a , ,ore  r e f i n e d  s y n t a c t i c  codes  a r e  needed 

t o  d i s t i n g u i s h  t h e  d i f f e r e n t  mean ings  of  a g i v e n  v e r b ,  as  i n  t he  

c a s e  o f  t z u o h  ~ .  When i t  i s  f o l l o w e d  by an i n a n i m a t e  noun,  i t  

i s  t r a n s l a t e d  t o  ' m a k e ' ,  by an a b s t r a c t  noun,  i t  i8 t r a n s l a t e d  t o  

' d o ' , a n d  by a human noun,  i t  i s  t r a n s l a t e d  t o  ' b e ' .  Any o t h e r  

c o n s t i t u t e s  which  a r e  e x c e p t i o n s  t o  t he  r u l e s  w i l l  have t o  be l i s t e d  

i n  t h e  d i c t i o n a r y ,  s u c h  as  t z u o h  r a n  ' b e h a v e ' ,  t z u o h  fann ' c o o k ' ,  

and t z u o h  show ' c e l e b r a t e  a b i r t h d a y ' .  

For t h e  c o n v e n i e n c e  o f  programming,  each  d i c t i o n a r y  e n t r y .  

wh ich  may be a l exeme ,  an id iom or  a c o n s t i t u t e ,  has  on ly  one s y n -  

t a c t i c  code  and i t s  r e s p e c t i v e  mean ing .  A f t e r  a s e n t e n c e  ha s  been 

anal~.eed by t h e  a u t o m a t i c  p a r s e r ,  t h e  s y n t a c t i c  f u n c t i o n  o f  each  

lexeme i8  d e t e r m i n e d .  T o g e t h e r  w i t h  t h e  method of  l o n g e s t  match 

i n  d i c t i o n a r y  lookup ,  t h e  c o r r e c t  meaning o f  a g i v e n  lexeme in  a 

g i v e n  c o n t e x t  can  be c h o s e n  by t h e  mach ine .  

(2)  The C h i n e s e  s y n t a c t i c  r u l e s  a r e  f o r m u l a t e d  in  such  a way 

t h a t  t h e y  may r educe  t h e  a m b i g u i t i e s  in  p a r s i n g  t o  a minimum. I t  i s  

assumed t h a t  in  a good s c i e n t i f i c  w r i t i n g ,  tl~e s e n t e n c e s  a r e  no t  

ambiguous  and t h e r e  i s  o n l y  one c o r r e c t  way o f  p a r s i n g  w h i c h  can 

c a r r y  t h e  p r o c e s s  t o  t h e  end of  t h e  s e n t e n c e .  Anybody who has  had 

any e x p e r i e n c e  w i t h  t h e  a u t o m a t i c  p a r s e r  w i l l  know t h i s  g o a l  i s  
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h a r d  t o  a c h i e v e .  S e v e r a l  ways have been found t o  r e d u c e  t h e  m ~ b i g u l -  

t i e s ,  and p r o b a b l y  t h e r e  a r e  o t h e r s .  

One of  t h e  methods  i s  t o  add more r e f i n e m e n t s  t o  t h e  s y n t a c t i c  

c o d e s .  Semant ic  e l e m e n t s  mere i n t r o d u c e d  in  t he  f o r a u l a t l o n  o f  t h e  

s y n t a c t i c  codes ,  so t h a t  t h e  c o n s t i t u t e s  must  be m e a n i n g f u l  as  w e l l  

g r a m m a t i c a l .  For example :  by a d d i n g  the  human e l emen t  t o  t h e  c o d e s ,  

o n l y  t h e  human nouns can  be t h e  a g e n t s  of  t h e  human v e r b s .  I f  an 

i n a n i m a t e  noun o c c u r s  b e f o r e  a human v e r b ,  i t  i s  l i k e l y  t o  be t h e  

g o a l  r a t h e r  t h a n  t h e  agen t  o f  t h e  v e r b .  For f u r t h e r  r e f i n e m e n t ,  

t h e  e l e m e n t  of  p l u r a l i t y  i s  a l s o  added t o  t h e  codes ,  so t h a t  o n l y  

t he  p l u r a l  nouns can be t h e  a g e n t s  of  p l u r a l  v e r b s .  There  i s  a c l a s s  

of  a d v e r b s ,  such  as  i t o r n g  * t o g e t h e r ' ,  huh s h i a n g  * m u t u a l l y '  end 

b i i  t s y y  ' t o  each  o t h e r *  u s u a l l y  p l u r a l i z e  any ve rb  t h a t  f o l l o w s  them.  

The second method of  r e d u c i n g  a m b i g u i t i e s  i s  t o  i n t r o d u c e  h i g h e r  

l e v e l s  t o  t h e  noun and ve rb  p h r a s e s .  There a r e  ~ ive  l e v e l s  o f  noun 

p h r a s e s  f o r  example .  The t e r m i n a l  code i s  c a l l e d  l e v e l  1. When t h e  

noun i s  m o d i f i e d  by an a d j e c t i v e ,  a noun or  an a d j e c t i v e  p h r a s e ,  t h e  

noun p h r a s e  i s  c a l l e d  l e v e l  2 .  Level  1 or  2 m o d i f i e d  by a number 

and a c l a s s i f i e r  i s  c a l l e d  l e v e l  3. M o d i f i e d  by e d e t e r m i n e r ,  it i s  

c a l l e d  l e v e l  4 .  When t h e  l a t t e r  i s  m o d i f i e d  by a p ronoun ,  a r e l a t i v e  

c l a u s e  or  an a p p o s i t i o n ,  i t  i s  c a l l e d  l e v e l  5. The noun p h r a s e  o f  

l e v e l  5 i s  a c l o s e d  noun p h r a s e ;  n o t h i n g  e l s e  can be added t o  i t .  

The c o n s t i t u t e  IRD ( i n d i c a t i v e  e x p r e s s i o n )  i s  formed by a c l o s e d  

noun p h r a s e  and a c l o s e d  v e r b  p h r a s e .  Even i f  t h e  noun p h r a s e  

c o n s i s t s  o f  o n l y  t h e  t e r m i n a l  code ,  t h i s  r u l e  a l s o  a p p l i e s  l i n e a r l y .  
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By applying the longest match to parsing, many possible ambiguities 

can be avoided, as indicated by the dotted lines in Diagram II. 
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The t h i r d  way  o f  r e d u c i n g  t h e  a m b i g u i t i e s  i s  t o  a d o p t  t h e  

p r i n c i p l e  o f  t h e  l o n g e s t  m a t c h  i n  t h e  d i c t i o n a r y  l o o k u p .  J u s t  t a k e  

t h e  f o u r  c h a r a c t e r s  y e n  y a n  s h y u e  j i a  ' l i n g u i s t '  a s  a n  e x s m p l e ;  a l l  

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

c h a r a c t e r s  a r e  b o t h  n o u n s  a n d  v e r b s .  AS n o u n s  t h e  f i r s t  t w o  mean 

b o t h  ' l a n g u a g e '  a n d  ' w o r d ' ,  a n d  t h e  t h i r d  means  ' l e a r n i n g ' .  As v e r b s ,  

t h e  f i r s t  t w o  mean  ' s p e a k '  a n d  t h i r d ,  ' l e a r n ' .  The f o u r t h  one  m e a n s  

' - i s t ' ,  ' f a m i l y '  a n d  ' h o m e ' .  The c o m p o u n d  o f  t h e  f i r s t  t w o  m e a n s  

' l a n g u a g e '  a n d  t h a t  o f  t h e  l a s t  t w o  m e a n s  ' - i s t  ' .  The  c o m p o u n d  o f  t h e  

f i r s t  t h r e e  c h a r a c t e r s  m e a n s  ' l i n g u i s t i c s ' .  S i x t y  u n w a n t e d  c o n s t i t u t e s  

c a n  r e s u l t  f r o m  t h e s e  f o u r  c h a r a c t e r s  a l o n e .  W i t h  t h e  l o n g e s t  m a t c h  

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

a n d  t h u s  s i x t y  a m b i g u i t i e s  c a n  b e  e l i m i n a t e d .  

( 3 )  The s y n t a c t i c  c o n v e r s i o n  r u l e s  f r o m  C h i n e s e  t o  E n g l i s h  

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

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

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

o r  p h r a s e  i s  t h e  same  a s  t h a t  o f  t h e  C h i n e s e  s e n t e n c e  o r  p h r a s e ,  

no syntactical conversion is necessary. Simple lexical substitution 

and the application o£ the English morphological rules will render 

the correct translation. Diagram I shows that the structure of the 

I 

E n g l i s h  i s  t h e  same a s  t h a t  o f  t h e  C h i n e s e .  By p l a c i n g  t h e  E n g l i s h  

e q u i v a l e n t s  i n  t h e  l o c a t i o n  o f  t h e  g r a m m a r  c o d e s  (The  g r a m m a r  c o d e s  

a r e  u s e d  i n  p a r s i n g . ) ,  t h e  t r a n s l a t i o n  i s  a l r e a d y  r e n d e r e d  i n  t h e  

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



the English morphological rules to the citation forms, so that 'that' 

is changed to 'those' and 'linguist' to 'linguists' and 'write' '~d' 

to 'wrote ' 

The structures of many Engl£sh  phrases are not the same as those 

of t h e  Ch inese  p h r a s e s .  In c a s e s  l i k e  t h e s e ,  some s y n t a c t i c  c o n v e r -  

s i o n s ,  in  t he  forms of  pe rmuta t  ion ,  a d d i t i o n  or d e l e t i o n  a re  needed .  

The fo~lowin~ examples will illustrate the logic on the basis of 

which the syntactic conversion rules are formulated. 

The verb phrase which consists of a prepositional phrase and 

a main verb calls for a simple permutation in the conversion. The 

code for such a verb phrase is VI*R (or VIHtR if the human element 

is added) where * indicates that a conversion is needed aud R indi- 

cates that the conversion is in the form of permutation of the two 

c o n s t i t u e n t s .  

VIH*R V I H * ~  

ND2 vIH2 ~----- / \\ / 

WH NB3 WD NK 

do one thing for mother 

The arrow (used  in  t he  s e n s e  of programming l a n g u a g e )  i n d i c a t e s  

where t h e  c o n v e r s i o n  o c c u r s .  The two i t ems  on the  l e f t  s i d e  of  t h e  

a r r o e  a r e  r e p l a c e d  by the  two i t ems  on t h e  r i g h t  s i d e .  The c o n s t i -  

t u e n t s  o f  t h e s e  two e o n s t f t u t e s w £ 1 1  f o l l o ~  a c c o r d i n g l y .  Th is  

c o n v e r s i o n  can be e a s i l y  m a n i p u l a t e d  by t h e  machine .  

Even though t h e  Chinese  p r e t r a n s i t l v e  p r e p o s i t i o n ,  ba__~eor jlan_._.~g, 

i s  t h e  same as  o t h e r  p r e p o s i t i o n s  s t r u c t u r a l l y ,  i t  i s  d e l e t e d  in  



the English structure. Therefore an additional conversion rule NB*L 

is needed. The L after the * indicates that the l e f t  constituent is 

t o  be d e l e t e d .  

WB NN VTH 1 V-V VTH lV-V ~ NN 

The conversion rule for the passive construction on the other 

hand requires addition. For example: 

VI*P 

WP2 VTH*B < VTH*B ~372 

~ - - ~  $~ "~ ~ '~,.- ~ be b reak~en  by one c h i l d  

A l l  t h e  s y n t a c t i c  c o n v e r s i o n  r u l e s  a r e  e i t h e r  una ry  or b i n a r y  

(some l o n g e r  ones  a r e  f o r c e d  t o  be b i n a r y )  in  o r d e r  t o  save  t a b l e  

s p a c e  i n  t h e  compute r .  The t a b l e  of  c o n s t i t u t e s  r e s u l t e d  from t h e  

automatic parser consists of three columns: the array of the constitutes, 

the array of the left constituents and the array of the right constitu- 

ents. A search through the array of the constitutes, the computer 

will know where and what conversion rules are, to be applied. For 

example : 



B e f o r e  Conversion After C o n v e r s i o n  

Column I Column 2 Column 3 Column 2 Column 3 

VIleR WD2 Vll{2 VIH2 WD2 
VIR*R W3*L VTH VTH WB*L 
WB*L W8 NN ~ NN 
VI*P WP2 VTR*B VTH*B l~P2 
VTH* B VTH 1 V-V BE VTH-EN 

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

o f  m e a n i n g s  i s  made  p o s s i b l e .  I t  h a s  b e e n  m e n t i o n e d  e a r l i e r  t h a t  t h e  

m e a n i n g s  o f  a g i v e n  l e x e m e  c a n  b e  d i f f e r e n t i a t e d  by i t s  c o n t e x t .  When 

t h e  c o n t e x t  i s  a s  l o n g  a s  a c l a u s e  o r  a p h r a s e ,  i t  i s  b e s t  h a n d l e d  b y  

s y n t a c t i c  c o n v e r s i o n  r u l e s .  F o r  e x a m p l e :  t h e  c h a r a c t e r  ~'~ d e  i s  t r a n s l a t e d  

t o  ' ' s ' ,  " o f ' ,  'who  ( w h i c h ,  when  o r  w h e r e ) ' ,  ' t h e  one  who ( w h i c h ,  w h e n  

o r  w h e r e ) '  a n d  ' ~ '  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  a p r o b l e m  c a n n o t  b e  

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

c o n s t i t u t e s  i t  f o r m s  w i t h  o t h e r  c o n s t i t u e n t s .  

The  c o n s t i t u t e  NDE, w h o s e  l e f t  c o n s t i t u e n t  i s  a n o u n  o r  v e r b  

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

d e ,  c a n  b e  a n  a d j e c t i v e  o r  a n o u n .  I t  i s  a n  a d j e c t i v e  w h e n  i t  i 8  

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

f o l l o w e d  b y  a v e r b  p h r a s e .  F i r s t  o f  a l l  i t s  f u n c t i o n  s h o u l d  be  

d e t e r m i n e d  b y  t h e  a u t o m a t i c  p a r s e r ~  t h e  n o u n  (NNDE) i s  d i s t i n g u i s h e d  

f r o m  t h e  a d j e c t i v e  (NDE).  The i n t e r n a l  s t r u c t u r e s  o f  b o t h  a r e  t h e  

same  i n  C h i n e s e ,  b u t  t h e y  r e p r e s e n t  d i f f e r e n t  m e a n i n g s  w h i c h  a r e  r e -  

p r e s e n t e d  b y  d i f f e r e n t  E n g l i s h  l e x e m e s .  E m p h a s i s  s h o u l d  b e  made h e r e  

t h a t  t h i s  i s  n o t  a n  a d  h o c  a t t e m p t  t o  w r i t e  a C h i n e s e  g r a m m a r  on t h e  

b a s i s  o f  E n g l i s h  t r a n s l a t i o n ,  b u t  a n  a t t e m p t  t o  i n c o r p o r a t e  s e m a n t i c  
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information into the system as demanded by the machine. Very fre- 

quently the different English translations point out the fact that 

a given Chinese lexeme represents different meanings in different 

contexts. A closer analysis of the contexts will reveal that the 

conditions which produce the same translation are usually consistent- 

ly similar. 

The two sub-classes of NDE and NNDE are not sufficient to differ- 

entiate the various meanings de represents. Further refinements have 

to be made within each subclass of NDE or NNDE. The following pairs 

(NDE and NNDE) of conversion rules will illustrate this point. 

(a) Possession The meaning of possession is represented by 

de in Chinese and's in English when they are preceded by animate 

nouns, especially human nouns,and pronouns. Both the adjective 

and the nominal forms can be converted the same way. 

2 NB2 

/ \ \  
NH DE NB NH 'S NB 

,~ ~- ~,~ r~,~, student 's problem 

For example: 

VIZ 

~DE*P / \ 
~ NH DE 

VIZ 

/ \s VC , NH 

be student ts 
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(b) Part of a whole When de is preceded by an inanimate noun 

or an abstract noun, it represents the meaning 'part of a whole' which 

i s  u s ua l l y  t r a n s l a t e d  to  ' o f '  in Engl i sh .  For example: 

NB*R NB*R 

NN DE NB NB OF NN 

VIZ VIZ 

NNDEO* R NNDEO* R 

VC / NN DE VC ONEOF NN 

~ ~ ~? b e  on~ude~of wood 

If the class of bin only includes material nouns, such as cloth, 

wood, metal and others, then the DE can be replaced by ONE MADE OF. 

Otherwise it can only be converted to ONE OF. 

(c) A connective which represents no meaning When de is 

preceded by an a d j e c t i v e ,  i t  has no meaning. Therefore  i t  i s  

deleted in the conversion. 

NB2 NB2 

~ D ~ ~  *~v 

V~ DE NB VQ NB 

simple problem 

(e) The one t h a t  In a nominal phrase ,  the  de r e p r e s e n t s  the  

one which is modified by whatever is the left constituent, and it 

cannot be deleted. 
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VIZ VIZ 

NNDE*Y NNDE*Y 
/ ~ / \ \  

VC ~ DE VC V~ ONE 

he , imple one 

(f) A translated syntactic connective The de connects a verb 

phrase to a noun represents no meaning, but it has an English equiva- 

lent in the form of a relative pronoun. The case of the pronoun 

depends on the constituent that precedes the de. 

If the verb phrase consists of an intransitive verb phrase, 

the noun that the NDE modifies, or the NNDE implies is the subject 

of the verb phrase. For example: 

NH* R NH* R 

VI2N~ER<R ~ ~ ~ / ~ER*R\ VI2 

/ \  . / \  
VTH NN DE Nil NH WHO VTH NN 

~ ~~ /~- man who buy ~oo~ 

VIZ VIZ 

NNDER*R NNDER*R 

/ \  
VC VTH NN DE VC ONEWHO ~ NN 

~ ~ ~-~ he the o~e who ~o, boo~ 

WHO and ONEWHO are used as codes for subjective relative pro- 

nouns. They may be where, which or when depending on their antece- 

dents. In order to make the computer to choose between where, who, 



w h i c h  and when, more r e f i n e m e n t s  have t o  be i n t r o d u c e d  t o  t h e  

codes  of  h i g h e r  nodes .  

I f  t h e  v e r b  p h r a s e  b e f o r e  t he  de c o n s i s t s  o f  a s u b j e c t  ( o r  a g e n t )  

and a t r a n s i t i v e  v e r b ,  t h e  noun t h a t  t h e  NDE m o d i f i e s  and t h e  NNDE 

i m p l i e s  i s  t h e  o b j e c t  o f  t h e  v e r b  p h r a s e .  For e x a m p l e :  

Nl'I* R NI~R 

/ 
/ \  

NR vr DE NH NH WHOM NR VT 

:~ ~. ~~ /~ man .horn ~ see 

VIZ VIZ 

/ NNDER* RO I~NDER*RO 

sv r  \ ' .  / \  \ / \ 
VC NR WE DE VC ONEI~OM NR WE 

~ ~L ~ be theonewhom~ see 

When t h e  c o n s t i t u t e  i s  formed by a comple te  c l a u s e  and de ,  i t  can 

on ly  be an a d j e c t i v e  wh ich  u s u a l l y  m o d i f i e s  t h e  nouns such  as  t i m e ,  

p l a c e ,  method,  i n s t r u m e n t ,  manner and c o n d i t i o n .  I t s  c o n v e r s i o n  r u l e  

i s  t h e  same a s  t h a t  f o r  t h e  i n t r a n s i t i v e  v e r b  p h r a s e .  

Of t h e  m i l l i o n s  o f  de p h r a s e s ,  t e n  c o n v e r s i o n  r u l e s  a r e  s u f f l -  

c i e n t  t o  d i f f e r e n t i a t e  t h e  many meanings  t h a t  d_~e r e p r e s e n t s ,  and r e n d e r  

a rough  bu t  a d e q u a t e  t r a n s l a t i o n .  In  f a c t  no t  many c o n v e r s i o n  r u l Q e  a r e  

needed .  I n  a d d i t i o n  t o  t h o s e  m e n t i o n e d  above ,  t h e r e  a r e  t h o s e  f o r  

c o m p a r a t i v e  c o n s t r u c t i o n s ,  l o c a t i v e  p h r a s e  and some minor  ones .  



(~)  E n g l i s h  m o r p h o l o g i c a l  r u l e s  have been worked out  by o t h e r s .  

How t h e y  w i l l  be a p p l i e d  t o  machine  t r a n s l a t i o n  from C h i n e s e  t o  Eng- 

l i s h  i s  a p rob lem y e t  t o  be s o l v e d .  Some o f  t h e  s o l u t i o n s  can be 

w r i t t e n  i n t o  t h e  d i c t i o n a r y ,  and some, i n c o r p o r a t e d  i n t o  t h e  s y n t a c t i c  

c o n v e r s i o n  r u l e s .  A g r e a t  d e a l  o f  r e s e a r c h  have been done in  t h i s  

a r e a ;  t h e  main p r o b l e m  i s  t o  implement  the  i n f o r m a t i o n  t o  t he  

e x i s t i n g  s y s t e m .  

(5)  The C h i n e s e  t e x t  t o  be t r a n s l a t e d  i s  encoded in  t he  

C h i n e s e  t e l e g r a p h i c  c o d e s .  The p rob lem of  a l l o g r a p h s  ( i n c l u d i n g  

a b b r e v i a t i o n s )  a r e  t a k e n  c a r e  o f  by the  d i c t i o n a r y  l ookup .  The 

a l l o g r a p h s  r e p r e s e n t  t h e  same lexeme a r e  r e f e r r e d  t o  t h a t  lexeme by 

t h e  s y s t e m .  P u n c t u a t i o n s  p rove  t o  be c o n f u s i n g .  The p e r i o d  i s  u sed  

t o  t e r m i n a t e  a s e n t e n c e ,  any o t h e r  u sage  of  t he  p e r i o d ,  such as  

mark ing  t h e  end o f  a s u b - t i t l e ,  s h o u l d  be e l i m i n a t e d .  O the rwi se  

e v e r y  s e n t e n c e  can be n o m i n a l i z e d  by t he  a u t o m a t i c  p a r s e r .  

Wi th  some knowledge  of  P L / I ,  I am t empted  t o  say  t h a t  machine 

t r a n s l a t i o n  from C h i n e s e  t o  E n g l i s h  i s  not  o n l y  p o s s i b l e ,  i t  i s  a l s o  

e a s y  t o  program.  A program can be w r i t t e n  t o  r ead  t h e  d i c t i o n a r y ,  

t h e  s y n t a c t i c  r u l e s  and t h e  t e x t ,  p a r s e  t h e  s e n t e n c e s  and s t o r e  

t h e  c o n s t i t u t e s .  The program s e a r c h e s  t h r o u g h  t he  a r r a y  of  c o n s t i t u t e s  

fo r  t h e  symbol of  *, and t h e n  p e r f o r m s  t he  s y n t a c t i c  c o n v e r s i o n s  a s  

i n d i c a t e d  by t he  c o d e s  t h a t  f o l l o w  t he  *.  Once t h i s  i s  done,  t he  
r 

program r e t r i e v e s  t h e  c o n s t i t u e n t s  o f  e a c h  c o n s t i t u t e  u n t i l  t h e  

c o n s t i t u e n t s  a r e  t h e  t e r m i n a l  l axemes°  Then t he  t r a n s l a t i o n  i s  

a l r e a d y  r e n d e r e d  in  t h e  c i t a t i o n  forms.  

I t  i s  u n f o r t u n a t e  t h a t  machine  t r a n s l a t i o n  was c o n s i d e r e d  
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i m p o s s i b l e  a few y e a r s  ago.  and r e s e a r c h  e f f o r t s  were c u r t a i l e d .  

C o r r e c t  machine t r a n s l a t i o n  of  modern s c i e n t i f i c  w r i t i n g  i s  p o s s i b l e  

i f  enough o r g a n i z e d  l i n g u i s t i c  d a t a  a r e  s t o r e d  in  t he  compute r .  

In  t h e  p a s t  t w e l v e  y e a r s  t he  r i g i d  demands imposed by t he  computer  

have  a c c e l e r a t e d  t he  p r o g r e s s  of  l i n g u i s t i c  r e s e a r c h  on many n a t i v e  

l a n g u a g e s .  I t  i s  due t o  t he  demand of  t h e  a u t o m a t i c  p a r s e r ,  t h e  

s y s t e m a t i z e d  s y n t a c t i c  r u l e s  were f o r m u l a t e d .  I t  i s  due t he  

demand of  c h o o s i n g  a u t o m a t i c a l l y  t he  c o r r e c t  t r a n s l a t i o n  by t h e  com- 

p u t e r ,  the  Study of  s e m a n t i c s  was i n i t i a t e d .  Now t h e  meanings  of  

a g i v e n  lexeme can be d i f f e r e n t i a t e d  in  t e rms  of  i t s  c o n t e x t .  With 

more s o p h i s t i c a t e d  l i n g u i s t i c  d a t a  of  b o t h  sou rce  and t a r g e t  l a n g u a g e s ,  

more e f f i c i e n t  p r o g r a u ~ i n g  l a n g u a g e ,  and b i g g e r  and f a s t e r  c o m p u t e r s ,  

machine  t r a n s l a t i o n  can be a r e a l i t y  in  t he  nea r  f u t u r e .  


