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Abs t rac t  

Ana lys ts  grammar of  Japanese tn the Mu-proJect  
ts presented,  I t  is  emphasized t h a t  ru les  
express ing c o n s t r a i n t s  on s tng le  l i n g u i s t i c  
s t r uc tu res  and ru les  f o r  s e l e c t i n g  the most 
p r e f e r a b l e  readtngs are comp le te l y  d i f f e r e n t  In 
na tu re ,  and t h a t  ru les  f o r  s e l e c t i n g  p r e f e r a l e  
readings should be u t i l i z e d  tn ana lys t s  grammars o f  
p r a c t i c a l  HT systems. I t  ts a l so  clatmed t ha t  
procedura l  con t ro l  ts e s s e n t i a l  tn i n t e g r a t i n g  such 
ru les  t n to  a u n i f i e d  grammar. Some sample ru les  
are gtven to  make the po in t s  o f  d iscuss ion  c l e a r  
and concre te .  

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

The Hu-ProJect  ts a Japanese na t t ona l  p r o j e c t  
supported by grants  from the Spec ia l  Coord ina t i on  
Funds f o r  Promoting Science & Technology of  
STA(Sctence and Technology Agency).  whlch atms to  
develop Japanese-Engl ish and Engl ish-Japanese 
machine t r a n s l a t i o n  systems. Ve c u r r e n t l y  r e s t r i c t  
the domain of  t r a n s l a t i o n  to  abs t rac t s  o f  
s c i e n t i f i c  and t e c h n o l o g i c a l  papers.  The systems 
are based on the t r a n s f e r  a p p r o a c h [ ; ] ,  and cons i s t  
o f  th ree  phases: ana l ys t s ,  t r a n s f e r  and gene ra t i on .  
In t h t s  paper,  we focus on the ana lys t s  grammar of  
Japanese tn the Japanese-Engl ish system. The 
grammar has been developed by using GRADE which ts 
a programming language s p e c i a l l y  designed f o r  t h t s  
p r o j e c t [ 2 ] .  The grammar now cons is ts  o f  abou t  900 
GRADE r u l e s .  The exper iments  so f a r  show t h a t  the 
grammar works ve ry  we l l  and ts comprehensive enough 
to  t r e a t  va r i ous  l i n g u i s t i c  phenomena tn abs t rac t s .  
In t h t s  paper we w t l l  d iscuss some of  the basic 
design p r i n c i p l e s  of  the grammar t oge the r  wt th  i t s  
d e t a t l e d  c o n s t r u c t i o n .  Some  examples of  grammar 
ru les  and ana lys t s  r e s u l t s  w t l l  be shown to  make 
the po in t s  o f  our d iscuss ion  c l e a r  and concre te .  

2. Procedural  Grammar 

There has been a prominent  tendency tn recent  
computa t iona l  l i n g u i s t i c s  to  r e - e v a l u a t e  CFG and 
use t t  d t r e c t l y  or  augment t t  to  ana lyze 
s e n t e n c e s [ 3 . 4 . 5 ] .  In these systems( f rameworks) ,  

CFG ru les  Independent ly  descr ibe  c o n s t r a i n t s  on 
s tng le  l i n g u i s t i c  s t r u c t u r e s ,  and a un i ve rsa l  r u l e  
a p p l i c a t i o n  mechanism a u t o m a t i c a l l y  produces a set  
of  poss tb le  s t r u c t u r e s  which s a t i s f y  the g iven 
c o n s t r a i n t s .  I t  ts we l l - known,  however, t h a t  such 
sets o f  poss tb le  s t r u c t u r e s  o f ten  become 
unmanageably l a rge .  

Because two separa te  ru les  such as 

NP . . . . .  • NP P R E P - P  

VP . . . . .  • VP P R E P - P  

are u s u a l l y  prepared tn CFG grammars tn order  to  
ana lyze noun and verb phrases mod i f ted  by 
p r e p o s i t i o n a l  phrases.  CFG grammars p rov ide  two 
s y n t a c t i c  analyses f o r  

She was g iven f l owers  by her unc le .  

Fur thermore.  the amb igu i t y  o f  the sentence ts 
doubled by the l e x l c a l  amb igu i t y  o f  " by " .  which can 
be read as e t t h e r  a l o c a t t v e  or  an agen t tve  
p r e p o s i t i o n .  Since the two s y n t a c t i c  s t r u c t u r e s  
are recognized by compZetely independent ru ]es  and 
the semantic i n t e r p r e t a t i o n s  of  "by"  are g iven by 
independent processes tn the ] a t e r  s tages.  I t  ts 
d i f f i c u l t  to  compare these fou r  readings dur ing  the 
anaZysts to  g tve a p re fe rence  to  one of  these fou r  
read ings .  

A r u l e  such as 

" I f  a sentence ts pass lve and the re  ts a 
" b y " - p r e p o s t t t o n a l  phrase,  t t  ts o f ten  the case 
t h a t  the p r e p o s i t i o n a l  phrase f t l l s  the deep 
agen t t ve  case. ( t r y  t h t s  ana ]ys ts  f i r s t ) "  

seems reasonable and q u i t e  use fu l  f o r  choosing the 
most p r e f e r a b l e  i n t e r p r e t a t i o n ,  but  t t  cannot be 
expressed by r e f i n i n g  the o r d i n a r y  CFG r u l e s .  Thts 
ktnd o f  r u ]e  ts q u i t e  d i f f e r e n t  In na tu re  from a 
CFG r u ] e .  I t  ts no t  a r u l e  o f  c o n s t r a i n t  on a 
s tng ]e  ] t n g u t s t t c  s t r u c t u r e ( i n  f a c t .  the above fou r  
readings are a ] l  ] t n g u l s t t c a l ] y  poss tb ]e ) ,  but  t t  
ts a " h e u r i s t i c "  ru ]e  concerned w i th  p re fe rence of  
read ings ,  which compares severa l  a l t e r n a t i v e  
ana lys t s  paths and chooses the most f e a s t b l e  one. 
Human t r a n s l a t e r s  (o r  humans tn gene ra l )  have many 
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such preference ru les based on vartous sorts of cue 
such as morphological  forms of words, co l l oca t i ons  
of words, t e x t  s t y l e s ,  word semantics, e tc .  These 
h e u r i s t i c  ru les are qu i te  useful not only  fo r  
increas ing e f f i c i e n c y  but also fo r  prevent ing 
p r o l i f e r a t i o n  of analysts  r esu l t s .  As Wl lks [6 ]  
potnted out ,  we cannot use semanttc Informat ion as 
cons t ra in ts  on s tng le  l i n g u i s t i c  s t ruc tu res ,  but 
Just as preference cues to choose the most feas tb le  
I n t e r p r e t a t i o n s  among  l i n g u i s t i c a l l y  posstb le 
I n t e r p r e t a t i o n s .  We clatm tha t  many sor ts  of 
preference cues other  than semanttc ones e x i s t  tn 
real  tex ts  whtch cannot be captured by CFG ru les .  
We w i l l  show tn th ts  paper tha t .  by u t i l i z i n g  
vartous sor ts  of preference cues. our analysts  
grammar of  Japanese can work almost 
d e t e r m t n t s t t c a l l y  to gtve the most p re fe rab le  
I n t e r p r e t a t i o n  as the f t r s t  output ,  wt thout  any 
ex tens ive  semanttc processing (note tha t  even 
"semant|c" processing cannot dtsambtguate the above 
sentence. The four  readings are semant ica l l y  
poss ib le .  I t  requtres deep understanding of 
contexts or s i t u a t i o n s ,  whtch we cannot expect tn a 
p r a c t i c a l  MT system). 

In order to In tegra te  h e u r i s t i c  ru les based on 
var |ous leve ls  of cues tn to  a un t f ted  analysts  
grammar, we have developed a programming langauage. 
GRADE. GRADE provtdes us wtth the f o l l ow ing  
f a c i l i t i e s .  

E x p l l c t t  Control  of Rule App l |ca t tons  : 
Heur i s t i c  ru les can be ordered according to t he t r  
strength(See 4-2) .  

- N u l t t p l e  Relat ton Representat ion : Vartous 
leve ls  of Informer|on Inc lud ing morpholog ica l .  
s y n t a c t i c ,  semantic, l og tca l  e tc .  are expressed tn 
a s |ng le  annotated t ree and can be manipulated at 
any ttme durtng the ana lys ts .  Thts ts requtred not 
only  because many h e u r i s t i c  ru les are based on 
heterogeneous leve ls  of cues. but a lso because the 
analysts  grammar should perform semant i c / l og ica l  
I n t e r p r e t a t i o n  of sentences at the same ttme and 
the ru les fo r  these phases should be wr t t t en  tn the 
same framework as syn tac t i c  ana lys is  ru les (See 
4-2. 4-4). 

- Lextcon Drtven Processing : We can wr t te  
h e u r i s t i c  ru les spec t f t c  to a s tng le  or a 11mtted 
number of words such as ru les concerned wtth 
co l l oca t i ons  among words. These ru les are strong 

tn the sense tha t  they almost always succeed. They 
are stored tn the lextcon and tnvoked at 
appropr ia te  times durtng the analysts  wt thout  
decreasing e f f i c i e n c y  (See 4-1) .  

- Expltct% D e f i n i t i o n  of Analysts S t ra teg ies  : 
The whole analysts  phase can be dtv tded in to  steps. 
Thts makes the whole grammar e f f i c i e n t ,  natura l  and 
easy %o read. Furthermore. s t r a t e g i c  cons idera t ion  
plays an essen t ia l  ro le  tn prevent ing undesi rab le 
i n t e r p r e t a t i o n s  from betng generated (See 4-3) .  

3 Organizat ion of Grammar 

In th ts  sect ton,  we w i l l  g ive the o rgan iza t ion  
of the grammar necessary f o r  understanding the 
discuss|on |n the f o l l ow |ng  sect ions.  The matn 
components of the grammar are as fo l l ows .  

(1) Post-Morphological  Analysts 
(2) Determinat ion of Scopes 
(3) Analysts of Stmple Noun Phrases 
(4) Analysts of Stmple Sentences 
(5) Analysts of Embedded Sentences (Re la t i ve  
Clauses) 
(6) Analysts of Re la t ionsh ips  of  SentenCes 
(7) Analysts of Outer Cases 
(8) Contextual Processing (Processing of Omttted 
case elements. I n t e r p r e t a t i o n  of 'Ha' . e t c . )  
(9) Reduction of S t ruc tures  fo r  Transfer  Phase 

Each component conststs  of  from 60 to 120 
GRADE ru les .  

47 morpho-syntact tc  ca tegor ies  are provtded 
for  Japanese ana lys ts ,  each of whtch has t t s  own 
l e x t c a l  desc r i p t i on  format.  12.000 l e x t c a l  en t r tes  
have a l ready been prepared according to the 
formats. In th ts  c l a s s i f i c a t i o n .  Japanese nouns 
are categor ized |n to  8 sub-classes according to 
the t r  morpho-syntact tc  behavtour,  and 53 semanttc 
markers are used to charac te r i ze  t h e t r  semanttc 
behaviour.  Each verb has a set of case frame 
desc r ip t i ons  (CFD) whtch correspond to d i f f e r e n t  
usages of the verb. A CFD g|ves mapping ru les 
between surface case markers (SCN - pos tpos t t t ona l  
case p a r t i c l e s  are used as SCN's tn Japanese) and 
t he t r  deep case i n t e r p r e t a t i o n s  (DCZ 33 deep 
cases are used). DC! of an SCM of ten depends on 
verbs so tha t  the mapping ru les are given %o CFD's 
of I nd i v i dua l  verbs. A CFO also gtves a normal 
c o l l o c a t i o n  between the verb and 
SCM's(postposi tonal  case p a r t i c l e s ) .  Oetat led 
l e x t c a l  desc r i p t i ons  are gtven and discussed tn 
another paper [7 ] .  

The analysts  resu l t s  are dependency trees 
whtch show the semanttc r e l a t i o n s h i p s  among tnput 
words. 

4. Typtcal  Steps of Analysts Grammar 

In the f o l l o w i n g ,  we w111 take some sample 
ru les to I l l u s t r a t e  our po in ts  of d iscuss ion.  

4 - ;  Re la t i ve  Clauses 

Re la t i ve  clause const ruc t ions  in Japanese 
express several  d i f f e r e n t  r e l a t i o n s h i p s  between 
modi fy ing clauses ( r e l a t i v e  c lauses) and t h e l r  
antecedents. Some r e l a t t v e  clause const ruc t ions  
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cannot be t r ans l a ted  as r e l a t i v e  clauses tn 
Engl tsh.  Me c l a s s i f i e d  Japanese r e l a t t v e  clauses 
In to  the f o l l o w t n  9 four  types, according to the 
r e l a t i o n s h i p s  between clauses and t h e i r  
antecedents. 

(1) Type 1 : Gaps In Cases 

One of the case elements of  the r e l a t t v e  
clause ts de le ted and the antecedent f i l l s  the gap. 

(2) Type 2 : Gaps In Case Elements 

The antecedent modi f ies  a case element tn the 
clause. That ts .  a gap ex i s t s  tn a noun phrase tn 
the c lause.  

(3) Type 3 : Appos i t ion  

The clause descr ibes the content  of  the 
antecedent as the Engltsh " t h a t " - c l a u s e  tn ' the  
tdea tha t  the ear th ts round ' .  

(4 )  Type 4 : P a r t l a l  A p p o s l t l o n  

The antecedent and the clause are re l a ted  by 
ce r ta in  semant ic /pragmat ic  r e l a t i o n s h i p s .  The 
r e l a t i v e  clause of th ts  type doesn ' t  have any gaps. 
This type cannot be t r ans l a ted  d t r e c t l y  l n to  
Engl ish r e l a t i v e  clauses. Me have to I n t e r p o l a t e  
In Engl ish appropr ia te  phrases or clauses whtch are 
I m p l i c i t  tn Japanese. tn order  to express the 
semant ic /pragmat ic  r e l a t i o n s h i p s  between the 
antecedents and r e l a t i v e  clauses e x p l i c i t l y .  In 
o ther  words, gaps ex t s t  tn the I n t e rpo la ted  phrases 
or c lauses. 

Because the above four  types of r e l a t t v e  
clauses have the same surface forms fn Japanese 

. . . . . . . . .  ( v e r b )  (noun). 

Rela t tvefClause Antecedent 

care fu l  processing ts requt red to d |s t tngu tsh  them 
(note tha t  the "antecedents '  -mod i f i ed  nouns- ape 
located a f t e r  the r e l a t | v e  clauses tn Japanese). A 
soph is t i ca ted  ana lys is  procedure has a l ready been 
developed, which f u l l y  u t | l t z e s  vartous leve ls  of  
h e u r i s t i c  cues as f o l l o w s .  

(Rule 1) There are a 11mtted number of  nouns whtch 
are o f ten used as antecedents of  Type 3 clauses. 

(Rule 2) Vhen nouns w i th  ce r ta |n  semanttc markers 
appear tn the r e l a t t v e  clauses and those nouns are 
fo l lowed by one of  spec t f l c  pos tpos t t t ona l  case 
pa r t4c les ,  there ts a htgh p o s s i b i l i t y  t ha t  the 
r e l a t t v e  clauses are Type 2. In the f o l l o w i n g  
example, the word "SHORISOKUDO"(processtn 9 speed) 
has the semanttc marker AO ( a t t r i b u t e ) .  

[ ex -1 ]  [Type 2] 

"SHORZSOKUDO" "GA" 
(processing speed) (case 

p a r t i c l e :  
sub jec t  

I case) 

Re la t tve tC lause 

"HAYA[" "KEISANK[" 
(h tgh)  I (computer) I 

/ t  
Antecedent 

- -> (Eng l i sh  T r a n s l a t i o n )  
A computer whose processing speed ts htgh 

(Rule 3) Nouns such as "MOKUTEKZ"(puPpose). 
"GEN ZN"(reason), "SHUDAN"(method) e tc .  express 
deep case r e l a t i o n s h i p s  by themselves, and. when 
these nouns appear as antecedents.  | t  is o f ten the 
case tha t  they f t11 the gaps of the corresponding 
deep cases tn the r e l a t t v e  c lauses.  

[ ex -2 ]  [Type 1] 

"KONO" "SOUCHI" "O" "TSUKAT" "TA" "MOKUTEK[" 
(th,s)l(dev,c.  (c . .  ICpurpos.) 

| p a r t , c l e : h  / , o rma t , ve :  I J 
I / °bJect  l / pes t )  l 

/case) ~ / 

Re la t tve tC lause Antecedent 

- -> (Engl ish T rans l a t i on )  

The purpose fo r  wh|ch (someone) used th t s  devtce 
The purpose of ustn9 th t s  devtce 

(Rule 4) There ts a 11mtted number of  nouns whtch 
are o f ten used as antecedents In Type 4 r e l a t t v e  
c lauses.  Each of such nouns requt res  a s p e c i f i c  
phrase or clause to be I n t e r p o l a t e d  tn Engl tsh.  

[ ex -3 ]  [Type 4] 

"KONO" "SOUCHI" "0" "TSUKAT"-- "TA" "KEKKA" 
(th,s),(devlce)/~case e.~. (to use)/~tense ~'...(;esult) 

...l fformat,ve:h J 
1 , o b j e c t  , I p a s t )  I 1 
[ I case) l 

Rel a t  tve ~ Clause Antecedent 

- -> (Engl lsh T r a n s l a t i o n )  

The r e s u l t  which was obtatned by ustng th t s  dev|ce 

In the above example, the clause " the r e s u l t  whtch 
someone obtatned ( the r e s u l t  : gap)" ts onmitted tn 
Japanese. whtch r e l a t e s  the antecedent 
"KEKKA"(resul t )  and the r e l a t t v e  clause "KONO 
SOUCHI 0 TSUKAT_TA"(someone used th ts  devtce) .  
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A set of l e x t c a l  ru les ts def ined fo r  
"KEKKA"(resulL). which b a s i c a l l y  works as fo l lows : 
t t  examines f i r s t  whether the deep ob jec t  case has 
a l ready been f i l l e d  by a noun phrase tn the 
r e l a t t v e  clause. I f  so, the r e l a t t v e  clause ts 
taken as type 4 and an appropr ia te  phrase ts 

In te rpo la ted  as tn [ e x - 3 ] .  I f  not ,  the r e l a t t v e  
clause ts taken as type 1 as tn the f o l l ow ing  
example where the noun *KEKKA" ( r e s u l t )  f t l l s  the 
gap of ob jec t  case tn the r e l a t t v e  clause. 

[ ex -4 ]  [Type 1] 

"KONO" "JIKKEN • / • G A " .  "TSUKAT• J"TA" l "KEKKA" 
( t h t s ) J ( e x p e r t m e n t ) / / ( c a s e ~ ( t o  use)~(tense ( r ~ u l t )  

rParticle~ iformsttve:]l 
IsubJect I I p a s t ) |  I 

[ _ l l  case) l / I 
Rela t tve  Clause Antecedent 

- -> (Eng l ish  T rans la t i on )  

The r e s u l t  whtch th ts  experiment used 

Such l e x t c a l  ru les are Invoked at  the beginning of 
the r e l a t t v e  clause analysts  by a ru le  tn the math 
f low of processing.  The noun "KEKKA • ( r e s u l t )  is 
given a mark as a l e x l c a l  p roper ty  which Ind ica tes  
the noun has specia l  ru les to be Invoked when t t  
appears as an antecedent of a r e l a t l v e  clause. A11 
the nouns which requ l re  specla l  treatments In the 
r e l a t i v e  clause analysts  are given the same m a r k e r .  

The ru le  tn the matn f low only checks th ts  mark and 
Invokes the l e x t c a l  ru les def ined tn the lex tcon .  

(Rule 5) Only the cases marked by pos tpos t t tona l  
case p a r t i c l e s  'GA'. 'WO" and 'NI"  can be deleted 
tn Type 1 r e l a t t v e  clauses, when the antecedents 
are ord tnary  nouns. Gaps tn Type 1 r e l a t i v e  clauses 
can have other surface case marks, only  when the 
antecedents are spectal  nouns such as descr ibed tn 
Rule (3) .  

4-2 ConJuncted Noun Phrases 

ConJuncted noun phrases of ten appear in 
abst racts  of s c i e n t i f i c  and techno log ica l  papers. 
I t  ts Important to analyze them c o r r e c t l y .  
e s p e c i a l l y  to determine scopes of conjunct ions 
c o r r e c t l y ,  because they of ten lead to p r o l i f e r a t i o n  
of analys is  r esu l t s .  The p a r t i c l e  "TO" plays 
almost the same ro le  as the Engl lsh "and" to 
conjunct noun phrases. There are several h e u r i s t i c  
rules based on var ious leve ls  of in format ion to 
determine the scopes. 

<Scope Decision Rules of ConJuncted Noun Phrases 
by P a r t l c l e  'TO'> 

(Rule 1 )  Stnce p a r t t c l e  "TO"  ts a lso used as a case 
p a r t i c l e ,  t f  I t  appears tn the p o s i t i o n :  

Noun 'TO" verb  Noun, 
Noun 'TO' a d j e c t i v e  Noun. 

there are two posstb le  I n t e r p r e t a t i o n s .  one tn 
whlch "TO" Is a case p a r t t c l e  and "noun TO 
a d j e c t i v e ( v e r b ) '  forms a r e l a t t v e  clause tha t  
modi f ies the second noun. and the other  one tn 
which "TO" ts a con junc t i ve  p a r t i c l e  to form a 
conJuncted noun phrase. However. i t  ts very 11kely 
tha t  the p a r t t c l e  'TO' ts not 8 con junc t i ve  
p a r t t c l e  but a p o s t - p o s i t i o n a l  case p a r t i c l e ,  i f  
the a d j e c t i v e  (verb)  ts one of ad jec t i ves  (verbs)  
which requtre case elements wtth surface case mark 
"TO' and there are no ex t ra  words between "TO • end 
the ad jec t i ve  ( ve rb ) .  In the f o l l ow ing  example. 
"KOTONARU(to be d i f f e r e n t ) "  ts an a d j e c t i v e  which 
ts of ten co l l oca ted  wtth a noun phrase fo l lowed by 
case p a r t i c l e  "TO". 

[ e x - 5 ]  
YOSOKU-CHI "TO" KOTONARU ATAI 

(p red ic ted  va lue)  ( to  be d i f f e r e n t )  (va lue)  

[dominant i n t e r p r e t a t i o n ]  

IYOSOKU-CHI "TO" KOTONARU ATIAI 

re la t t ve~c lause  ant /cedent  

• the value which ts d i f f e r e n t  from the 
p red ic ted  value 

[ l ess  domtnant I n t e r p r e t a t i o n ]  

YOSOKU-CHI "TO" KOTONARU ATAI 

Me N~ 
I I 

conJuncte~ noun phrase 

= the p red ic ted  value and the d i f f e r e n t  value 

(Rule 2) I f  two "TO* p a r t i c l e s  appear tn the 
p o s i t i o n :  

Noun-1 'TO' . . . . . . . . . .  Noun-2 'TO' 'NO" NOUN-3 

the r i g h t  boundary of the scope of the conJuctton 
ts almost always Noun-2. The second 'TO" plays a 

ro le  of a d e l i m i t e r  which de l tmt ts  the r i g h t  
boundary of the con junct ion .  Thts 'TO" tS 
o p t i o n a l ,  but tn real  tex ts  one of ten places t t  to 
make the scope unambiguous, e s p e c i a l l y  when the 
second conjunct IS a long noun phrase and the scope 
is h igh ly  ambiguous wi thout  t t .  Because the second 
'TO' can be In te rp re ted  as a case p a r t t c l e  (not  as 
a d e l i m i t e r  of the con junc t ion)  and 'NO' f o l l o w i n g  
a case p a r t t c l e  turns the preceding phrase to a 
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m o d l f t e r  o f  s noun. on I n t e r p r e t a t i o n  tn whtch 
"NOUN-2 TO NO" ts taken as o mod t r t e r  o f  NOUN-3 and 
NOUN-3 ts token as the hood noun of  the second 
conJunt ts a l so  l i n g u i s t i c a l l y  poss ib l e .  However, 
In most cases, when two 'TO" p a r t i c l e s  appear tn 
the above p o s i t i o n ,  the second "TO' Is Just  a 
d e l i m i t e r  o f  the scope(see [ e x - 6 ] ) .  

[ e x - 6 ]  

YOSOKU-CHI TO JIKKEN DE.NO JISSOKU-CHI TO 60 SA 
(p red tc ted l ' ~expe r tmen t~ '~case '~ (oc tua l  v a l u ~  I 
va lue )  J ~ o r t t c l e ~  (d t t ' f e rence )  

t pl°c°) ] 

[dominant  I n t e r p r e t a t i o n ]  

YOSOKU-CHI TO J[KKEN DE 60 O[$$OKU-CH] TO NO SA 

NP NP 
1 I 

ConJuncted HP 
I 

NP 

• the d i f f e r e n c e  between the p red i c ted  va lue  
and the ac tua l  va lue  tn the exper iment  

[ l ess  domtnant t n t e r p n e t a t t o n s ]  

(A) 
YOSOKU-CHI TO JIKKEN DE NO JISSOKU-CHI TO NO $A 

NP NP 
I I 
ConJuncted NP 

- the d i f f e r e n c e  wt th  the ac tua l  va lue tn the 
p red i c ted  va lue and the exper iment  

(e )  
YOS~KU-CH] 

.p  ~p 
l I 

ConJun~ted NP 

TO J[KKEN DE NO JZSSOKU-CH[ TO NO SA 
" l  " "  I 

• the p red i c t ed  va lue  and the d i f f e r e n c e  w t th  
the ac tua l  va lue  tn the exper iment  

(Rule 3) I f  a spec ta l  noun whtch ts o f ten  
c o l l o c a t e d  wt th  c o n j u n c t i v e  noun phrases appear tn 
the p o s i t i o n :  

Noun-1 'TO' . . . . . . . .  Noun-2 "NO'<spectal -noun>, 

the r t g h t  boundary of  the con junc t i on  ts a lmost  
always Noun-2. Such specta l  nouns are marked tn 
the l ex t con .  [n the f o l l o w i n g  example. "KANKEI" ts 
such a specta l  noun. 

[ e x - 7 ]  
JISSOKU-CHI~O" 
(ac tua l  value) I 

RIRON-DE E-TA YOSOKU-CHI. NO, KANKE[__ 
1( theory  ]( ( t o ~ (  prod tcted~ ( l :e l o t  ton~ 
" I ob ta tn ) l  va lue )  / /  s h t p ) J  

II 
specta l  noun 

[ d o m i n a n t  I n t e r p r e t a t i o n ]  

JISSOKU-CH! "TO" . . . . . . .  YOSOKU-CH[ NO KANKEI 
L . _ ; _ _ _ I  

( r e l a t i v e  antecedent  
clsuse)l J 

NP ~P 
I I 

con]u~cted NP 

• the r e l a t i o n s h i p  between the ac tua l  va lue  
and the p r e d i c t e d  va lue  obta tned by the 
t heo ry  

[ l e s s  domtnant I n t e r p r e t a t i o n s ]  
(A)  
JIS$OKU-CHI "TO" R]ROH-DE ...YO$OKU-CH[ NO KANKE! 

NP 
I I 

conJun~ted NF 
I 

r e l a t t v e t c l o u s e  antecedent  

• the r e l a t i o n s h i p  of  the p red i c t ed  va lue  whtch 
was ob ta tned by the ac tua l  va lue  and the t heo ry  

(e) 
JX$SOKU-CH! "TO" . . . . . . . . . .  YO$OKU-CHX NO KANKEX 

~P NP 
I 

I 
conJuncted NP 

• the ac tua l  va lue  and the r e l a t i o n s h i p  of  
the p r e d i c t e d  va lue  whtch was ob ta tned by 
the t heo ry  

(Rule 4) Zn 

Noun-1 'TO' . . . . . .  Noun-2, 

t f  Noun-1 and Noun-2 are the same nouns, the r t g h t  
boundary o f  the con junc t i on  ts a lmost  always 
Noun-2. 

(Rule 5) In 

Noun-! 'TO' . . . . . . .  Noun-2. 

t f  Noun-! and Noun-2 are not  e x a c t l y  the some but 
nouns wt th  the same morphemes, the r t g h t  boundary 
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ts o f ten Noun-2. In [ ex -7 ]  above, both of the heed 
nouns of the conJuncts. JISSOKU°CHI(actual va lue)  
and YOSOKU-CH[(predtcted va lue) ,  have the same 
morpheme "CH[" (whtch meams " v a l u e " ) .  Thus, th ts  
ru le  can c o r r e c t l y  determine the scope, even t f  the 
spectal  word "KANKE1"(relat tonshtp) does not e x t s t .  

(Rule 6) I f  some spectal  words (11ke 'SONO" 
'SORE-NO' e tc .  whtch roughly correspond to ' t h e ' .  
' 1 iS '  tn Engl lsh)  appear tn the p o s i t i o n :  

Phrases whtchlNoun-1 "TO' <spectal word> Noun-2. 
modtfy noun 
phrases 

the mod i f ie rs  preceding Noun-1 modtfy only  Noun*l 
but not the whole conJuncted noun phrase. 

(Rule 7) [n 

. . . . . .  Noun-1 'TO' . . . . . . . . . . . .  Noun-2. 

t f  Noun-1 and flour-2 belong to the same spec t f t c  
semanttc ca tegor ies ,  11Le act ton nouns, abs t rac t  
nouns e tc ,  the r t g h t  boundary ts o f ten Noun-2. 

(Rule 8) [n most conJuncted noun phrases, the 
s t ruc tures  of conJuncts are we l l -ba lanced.  
Therefore,  t f  a r e l a t t v e  clause precedes the f i r s t  
conjunct and the length of the second conjunct ( the 
number of words between 'TO" and Noun-2) ts short  
11ke 

[Re la t i ve  Clause] Noun-1 'TO" . . . . . . . .  Noun-2 

the r e l a t t v e  clause modtftes both conJuncts, tha t  
ts.  the antecedent of the r e l a t t v e  clause ts the 
whole conJuncted phrase. 

These h e u r i s t i c  ru les are based on d i f f e r e n t  
leve ls  of Informat ion (some are based on surface 
l e x l c a l  Items. some are based on morphemes of 
words, some on semanttc |n format ton)  and may lead 
to d i f f e r e n t  dec is ions about scopes. However. we 
can d i s t i ngu i sh  strong h e u r i s t i c  ru les ( t . e .  ru les 
whtch almost always g ive co r rec t  scopes when they 
are app l led )  from others.  In f a c t .  there ex ts t s  
some order tng of h e u r i s t i c  ru les according to t he t r  

s t rength .  Rules (1 ) .  (2) .  (3) ,  (4) and (6) .  fo r  
example, almost always succeed, and ru les l i k e  (7) 
and (8) of ten lead to wrong dec is ions.  Rules 11ke 
(7) and (8) should be t rea ted  as de fau l t  ru les 
whtch are appl ted only when the other st ronger 
rules cannot dectde the scopes. We can deftne tn 
GRADE an a r b i t r a r y  order tng of ru le  app l i ca t i ons .  
Thts c a p a b i l i t y  of contro114ng the sequences of 
ru le  app l i ca t i ons  ts essent ia l  tn I n teg ra t i ng  
h e u r i s t i c  ru les based on heterogeneous leve ls  of 
Informat ion tnto a un t r ied  set of ru les .  

Note tha t  most of these ru les cannot be 
n a t u r a l l y  expressed by o rd tnary  CFG ru les .  Rule 
(2) .  fo r  example, ts a ru le  whtch blocks the 
a p p l i c a t i o n  of the ord tnary  CFG ru le  such as 

NP - - ->  NP <case-par t i c le>  NO N 

when the <case-par t i c le>  ts 'TO' and a con junc t i ve  
p a r t t c l e  'TO' precedes th ts  sequence of  words. 

4-3 Determinat ion of Scopes 

Scopes of  conJuncted noun phrases of ten 
over lap wtth scopes of r e l a t t v e  c lauses, whtch 
males the problem of  scope determinat ion more 
compl icated.  For the surface sequence of phrases 
11ke 

NP-1 'TO' NP-2 <case-pa r t i c le>  . . . . .  <verb> NP-3 

there are two passable 
scopes of conJuncted noun 
clause 11ke 

r e l a t i o n s h i p s  between the 
phrase and the r e l a t t v e  

(1) NP-1 'TO" NP-2 <case-pa r t i c le>  . . . .  <verb> NP-3 
I J 
conJ~ncted 
noun phrase 

I 

R e l a t t v ~  Clause 
I 

Antecedent 
I 

t 
NP 

(2)NP-2 'TO' NP-2 <case-pa r t i c le>  . . . . .  <verb> NP-3 

I Re la t tve  ~ Clause Antecedent 
J I 

N,P 
ConJuncted* Noun Phrase 

Thts ambigui ty together  wi th genutne ambtgu| t tes tn 
scopes of conJuncted noun phrases tn 4-2 produces 
combinator ia l  I n t e r p r e t a t i o n s  tn CFG grammars, most 
of whtch are l i n g u i s t i c a l l y  posstb le  but 
p r a c t i c a l l y  unth |nkab le .  I t  Is not on ly  
I n e f f i c i e n t  but a lso almost Impossible to compare 
such an enormous number of l i n g u i s t i c a l l y  posstb le  
s t ruc tu res  a f t e r  they have been generated. In our 
analys |s  grammar, a set of scope dectston ru les are 
appl ted in the ea r l y  stages of processing tn order 
to block the generat ion of combinator ia l  

I n t e r p r e t a t i o n s .  ]n f a c t .  the s t ruc tu re  (2) tn 
whtch a r e l s t t v e  clause ex ts ts  wt th tn  the scope of 
• conJuncted noun phrase is r e l a t i v e l y  r a r e  tn real  
t ex t s ,  e s p e c i a l l y  when the r e l a t t v e  clause ts 
ra ther  long. Such const ruc t ions  wtth long r e l a t t v e  
clauses are a ktnd or garden path sentence. 
Therefore.  unless strong h e u r i s t i c  ru les  l i k e  (2 ) .  
(3) and (4) tn 4-2 suggest the s t ruc tu re  (2) .  the 
s t ruc tu re  (1) ts adopted as the f t r s t  chotce (Note 
tha t ,  tn [ ex -7 ]  tn 4-2, the strong h e u r i s t i c  
r u l e [ r u l e  ( 3 ) ]  suggests the s t ruc tu re  (2 ) ) .  Stnce 
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the r e s u l t  o f  such a dec is ion  ts e x p l i c i t l y  
expressed tn the t r e e :  

S C O P E - O F - C O N U N ~ C T I ~  

and the grammar ru les  in the l a t e r  stages o f  
processing work on t h t s  s t r u c t u r e ,  the o the r  
i n t e r p r e t a t i o n s  of  scopes w i l l  not  be t r i e d  unless 
the f t r s t  choice f a t l s  a t  e l a t e r  stage f o r  some 
reason or a l t e r n a t i v e  i n t e r p r e t a t i o n s  are 
e x p l i c i t l y  requested by a human o p e r a t o r .  Note 
t ha t  a s t r u c t u r e  l l k e  

NP-1 'TO' . . . . . .  <verb> NP-2 . . . . . . .  <verb> NP-3 

r[ r e l e t t v e ~ c l a u s e  8 ! teceden t  
I 

r e l a t t v e  ~clause antecedent  
I I 

I 
conJunct~d noun phrase 

which ts l i n g u i s t i c a l l y  poss tb le  but  ex t reme ly  ra re  
tn rea l  t e x t s ,  is  n a t u r a l l y  b locked.  

4-4 Sentence Re la t i onsh ips  and Outer Case Ana lys ts  

Corresponding to  Engl tsh sub -o rd i na to r s  and 
c o - o r d i n a t o r s  l i k e  ' a l t h o u g h ' .  ' t n  o rde r  t o ' .  ' and '  
e t c . .  we have severa l  d i f f e r e n t  s y n t a c t i c  
cons t ruc t i ons  as f o l l o w s .  

(1)  . . . . . . . . . .  (Verb w t t h e  s p e c i f i c  . . . . . . . . . . . .  
I n f l e c t i o n  form) I I 

I I 
$1 S2 

(2)  . . . . . .  (Verb ) (a  p o s t p o s t t t o n a l  p a r t i c l e )  . . . . . .  
! 

S1 S2 

(3)  . . . . .  (Verb ) (a  c o n j u n c t i v e  noun) . . . . . . . . . . . . .  
! | 

I i 
S1 S2 

(1)  rough ly  corresponds to  Engl lsh c o - o r d i n a t e  

c o n s t r u c t i o n s ,  end (2)  end (3)  to  Engl tsh 
sub -o rd ina te  c o n s t r u c t i o n s .  However. the 
correspondence between the forms o f  Japanese end 
Engl tsh sentence connect ions ts no t  so 
s t r a i g h t f o r w a r d .  Some p o s t p o s t t i o n a l  p a r t i c l e s  tn 
( 2 ) .  f o r  example, are used to  express severa l  
d i f f e r e n t  semantic r e l a t i o n s h i p s  between sentences.  
and t h e r e f o r e ,  should he t r a n s l a t e d  t n t o  d i f f e r e n t  
sub -o rd tna to rs  in Engl tsh accord ing to  the semantic 
r e l a t i o n s h i p s .  The p o s t p o s t t t o n a l  p a r t t c l e  'TAME' 
expresses e i t h e r  ' p u r p o s e - a c t i o n "  r e l a t i o n s h i p s  or 

' c a u s e - e f f e c t '  r e l a t i o n s h i p s .  In o rder  to  
dtsambtguate the semantic r e l a t i o n s h i p s  expressed 
by 'TAME'. a se t  o f  l e x t c a l  ru les  ts de f ined  in the 
d i c t i o n a r y  o f  "TAME'. The ru les  are rough ly  as 
f o l l o w s .  

(1)  I f  S1 expresses a completed ac t ton  or a 
s t a t i v e  a s s e r t i o n ,  the r e l a t i o n s h i p  ts 
" c a u s e - e f f e c t ' .  

(2)  I f  $1 expresses n e i t h e r  a completed 
event  nor e s t a t I v e  a s s e r t i o n  and $2 expresses s 
c o n t r o l l a b l e  a c t i o n ,  the r e l a t i o n s h i p  ts 'purpose-  
a c t i o n ' .  

[ e x - e ]  
(A) $1: TOKYO-NX 

(Tokyo) 
IT-  TEITA 

( t o  go) (aspect  
f o r m a t i v e )  

TAME 

52: KAIGI-N! SHUSSEK| DEKINAKA- TA 
(meet ing)  ( t o  a t t e n d )  ( cenno t ) ( t ense  fo rmat -  

i ve  : pas t )  

$1: completed ac t t on  
( the  aspect  f o r m a t i v e  "TEITA" means 
comple t ion  o f  an a c t i o n )  

- - - >  [ c a u s e - e f f e c t ]  
- Because I was in Tokyo. I c o u l d n ' t  

a t tend  the meet ing.  

(B) $1: TOKYO-NI IKU 
(Tokyo) (to go) 

TAME 

$2: KAIGI-NI SHUSSEKI DEKINAI 
(meet ing)  ( t o  a t t e n d )  (canno t )  

$1: n e i t h e r  a completed ac t i on  nor 
a s t a t t v e  a s s e r t i o n  

S2: "whether  I can a t tend  the meet ing 
or  no t  • ts no t  c o n t r o l l a b l e .  

- - - >  [ c a u s e - e f f e c t ]  
• Because ! go to  Tokyo. I cannot a t tend  

the meet ing .  

(C) S1: TOKYO-NI IKU 
(Tokyo) (to go) 

TAME 

S2: KIPPU-O KAT- TA 
( t t c k e t )  ( t o  buy) ( tense f o r m a t i v e :  pas t )  

$1: n e i t h e r  a completed ac t i on  nor 
a s t a t i v e  a s s e r t i o n  

S2: v o l i t i o n a l  ac t i on  

- - - >  [ p u r p o s e - a c t i o n ]  
• In o rde r  to  go to  Tokyo. I bought a 

t i c k e t .  

Note t h a t  whether  S1 expresses a completed 
ac t i on  or  no t  is  determined tn the preceding phases 
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by ustng ru les  whtch u t t l l z e  espectual  f ea tu res  o f  
verbs descr ibed tn the d i c t i o n a r y  and aspect 
fo rmat tves  f o l l o w i n g  the verbs (The c l a s s i f i c a t i o n  
of  Japanese verbs based on t h e t r  aspectual  f ea tu res  
and r e l a t e d  top tcs  are discussed tn [ 8 ] ) .  Ve have 
a l ready  w r t t t e n  ru les  (some of  whtch are h e u r i s t i c  
ones) f o r  57 p o s t p o s t t t o n a l  p a r t i c l e s  f o r  
conJuct tons of  sentences 11ke 'TAME'. 

Pos tpos t t t ona l  p a r t i c l e s  f o r  cases, whtch 
f o l l o w  noun phrases and express case r e l a t i o n s h i p s ,  
are a lso  ve ry  ambiguous In the sense t ha t  they 
express severa l  d i f f e r e n t  deep cases. Vh t l e  the 
I n t e r p r e t a t i o n  of  tnner  case elements are d t r e c t l y  
g iven tn the verb d i c t i o n a r y  as the form of  mapping 
between sur face case p a r t | c l e s  and t h e t r  deep case 
I n t e r p r e t a t i o n s .  the ou te r  case elements should be 
s e m a n t i c a l l y  I n t e r p r e t e d  by r e f e r r i n g  to  semanttc 
ca tego r ies  or noun phrases and p r o p e r t i e s  of  verbs .  
Lex tca l  ru les  f o r  62 case p a r t i c l e s  have a l so  been 
Implemented and t es ted .  

5 Conclusions 

Ana lys ts  Grammar o f  Japanese tn the Mu-proJect  
ts discussed tn t h t s  paper.  By I n t e g r a t i n g  va r tous  
l e v e l s  o f  h e u r i s t i c  I n f o r m a t i o n ,  the grammar can 
work ve ry  e f f i c i e n t l y  to  produce the most na tu ra l  
and p r e f e r a b l e  readtn 9 as the f | r s t  ou tpu t  r e s u l t .  
w t thou t  any ex tens i ve  semanttc processtngs.  

The concept o f  p rocedura l  granwars was 
o r i g i n a l l y  proposed by Wtnograd[9]  and 
Independent ly  persued by o the r  research g roups [ lO ] .  
However. t h e t r  c latms have not  been we l l  
apprec ia ted  by o the r  researchers  (o r  even by 
themselves) .  One o f ten  argues aga tns t  procedura l  
grammars, saytng t h a t :  the l i n g u i s t i c  fac ts  
Wtnograd's grammar captures can a lso  be expressed 
by ATN. and the express ive  power o f  ATN ts 
e q u i v a l e n t  wt th  t ha t  o f  the augmented CFG. 
There fore ;  procedura l  grammars have no advantages 
over  the augmented CFG. They Just  make the whole 
grammars compl icated and hard to  ma in ta i n .  

The above argument, however, mtsses an 
Impor tan t  po |n t  and confuses procedura l  grammar 
wt th  the r e p r e s e n t a t i o n  of  grammars tn the form of  
programs (as Shown tn V t n o g r a d [ 9 ] ) .  Ve showed tn 
t h t s  paper t h a t :  the ru les  whtch g tve s t r u c t u r a l  
c o n s t r a i n t s  on f t n a l  ana l ys t s  r e s u l t s  and the ru les  
whtch choose the most p r e f e r a b l e  l i n g u i s t i c  
s t r uc tu res  (o r  the ru les  whtch b lock  "garden path"  
s t r u c t u r e s )  are d i f f e r e n t  tn na tu re .  [n o rder  to  
I n t eg ra te  the l a t t e r  type of  ru les  tn a u n t f t e d  
ana lys ts  grammar, t t  ts e s s e n t i a l  to  c o n t r o l  the 
sequence of  r u l e  a p p l i c a t i o n s  e x p l i c i t l y  and 
In t roduce s t r a t e g i c  knowledge tn to  grammar 
o r g a n i z a t i o n s .  Fur thermore.  I n t r o d u c t i o n  of  
con t ro l  s p e c i f i c a t i o n s  doesn ' t  n e c e s s a r i l y  lead to  
the grammar In the form of  programs. Our grammar 
w r t t t n g  system GRADE a l lows  us a r u l e  based 

s p e c i f i c a t i o n  of  grammar, and the grammar developed 
by ustng GRADE ts easy to  m a i n t a i n .  

Ve a lso  dtscuss the usefu lness o f  l e x i c o n  
d r i ven  process ing 4n t r e a t t n g  I d i o s y n c r a t i c  
phenomena tn na tu ra l  languages. Lax|con d r tven  
prcesstng ts ex t reme ly  use fu l  tn the t r a n s f e r  phase 
of  machtne t r a n s l a t i o n  systems, because the 
t r a n s f e r  o f  l e x t c a l  ttems ( s e l e c t i o n  o f  a p p r o p r i a t e  
t a r g e t  l e x t c a l  t tems) ts h t g h l y  dependent on each 
l e x t c a l  t t e m [ t t ] .  

The c u r r e n t  ve rs ton  of  our ana l ys t s  grammar works 
qu t te  we l l  on t.O00 sample sentences tn rea l  
abs t rac t s  w t t h o u t  any p r e - e d t t t n g .  
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