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ABSTRACT 

Th is paper desc r i bes an a t t emp t to genera te 
Japanese sentences f rom concep tua l r e p r e s e n t a t i o n . 
Th i s g e n e r a t o r i n f e r s the tempora l o r d e r o f events 
i n c l u d e d i n the concep tua l r e p r e s e n t a t i o n u s i n g 
causa l cha ins and MOPs. A p p r o p r i a t e c o n j u n c t i v e s 
between the events and case markers f o r s u b j e c t s 
a re used based on the r e p r e s e n t a t i o n . T h i s g e n e r a t o r 
w a s . f i r s t b u i l t a s p a r t o f the Machine T r a n s l a t i o n 
P r o j e c t i n the Computer Science Department o f Yale 
U n i v e r s i t y i n 1982. I t has been subsequen t l y i m ­
proved at ETL in Japan. About 15 s t o r i e s a re parsed 
i n t o concep tua l r e p r e s e n t a t i o n s f rom Spanish news­
paper s t o r i e s ( L y t i n e n and Schank, 1982) and then 
Japanese sentences are g e n e r a t e d . 

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

I n p u t s t o r i e s are e x t r a c t e d f rom Spanish news­
p a p e r s . A l l t he s t o r i e s concern t e r r o r i s m and each 
c o n s i s t s of a few sen tences . The p a r s e r ana lyzes 
them t o o b t a i n t h e i r concep tua l r e p r e s e n t a t i o n s b y 
u s i n g a p p r o p r i a t e MOPs and causa l r e l a t i o n s among 
events i n t he s t o r i e s . About 15 s t o r i e s a re parsed 
i n t o concep tua l r e p r e s e n t a t i o n s and then Japanese 
sentences are g e n e r a t e d . 

II JAPANESE LANGUAGE STRUCTURE 

The word o rde r i n Japanese i s somewhat d i f f e r ­
en t f rom t h a t i n E n g l i s h . The main d i f f e r e n c e s a re 
( l ) t h e ve rb i s t he l a s t e lement i n a c l a u s e , (2)ne-
g a t i o n i s expressed by endings a t t a c h e d t o the ve rb 
( 3 ) a d j e c t i v e s and adverbs always precede t h e i r mod­
i f i e d nouns, verbs and o t h e r words . 

Th i s i s an a t tempt to genera te Japanese 
sentences f rom concep tua l r e p r e s e n t a t i o n o b t a i n e d 
f rom Spanish newspaper s t o r i e s [ 1 ] . T h i s g e n e r a t o r 
was f i r s t b u i l t a s p a r t o f the Machine T r a n s l a t i o n 
P r o j e c t i n t h e Computer Science Department o f Ya le 
U n i v e r s i t y i n t he summer o f 1982. I t has been sub­
sequen t l y improved a t t he E l e c t r o t e c h n i c a l Labora ­
t o r y i n Japan. 

Conceptua l r e p r e s e n t a t i o n i s based on the 
Conceptua l Dependency t h e o r y [ 2 ] and a l s o on Memory 
O r g a n i z a t i o n Packets (MOPs)[3] . The g e n e r a l i dea 
beh ind MOPs is to s t o r e knowledge which is common 
t o many d i f f e r e n t s i t u a t i o n s i n o n l y one p r o c e s s i n g 
s t r u c t u r e , and then t o make t h i s p r o c e s s i n g s t r u c ­
t u r e a v a i l a b l e f o r use i n a v a r i e t y o f a p p r o p r i a t e 
s i t u a t i o n s . MOPs a re u s e f u l f o r a Japanese genera ­
t o r because t h e i r c o n t e n t s a re independent f rom the 
language, a l t h o u g h CD t h e o r y and MOPs are c o n ­
s t r u c t e d by u s i n g E n g l i s h . Such independency may be 
v e r i f i e d b y a p p l y i n g these t h e o r i e s t o Japanese 
sen tences , s t r u c t u r a l l y d i f f e r e n t f rom Romance l a n ­
guages, such as E n g l i s h , Spanish and F rench . 

T h i s g e n e r a t o r has s e v e r a l f e a t u r e s . F i r s t , i t 
i n f e r s t h e tempora l o r d e r o f events i n c l u d e d i n t he 
concep tua l r e p r e s e n t a t i o n u s i n g causa l cha ins and 
MOPs. Such i n f e r e n c e is necessary to genera te Jap ­
anese sentences because most c l auses and sentences 
a re o r d e r e d t e m p o r a l l y i n Japanese. Second, app ro ­
p r i a t e c o n j u n c t i v e s a re i n s e r t e d between the events 
u s i n g t h e i r causa l r e l a t i o n s . T h i r d , s u b j e c t s a re 
o m i t t e d i n r e l e v a n t s i t u a t i o n s and two case markers 
f o r s u b j e c t s a re used i n t h e g e n e r a t o r t o make t h e 
sentences s u i t a b l e f o r Japanese. Other f e a t u r e s a re 
d e s c r i b e d i n t h e f o l l o w i n g s e c t i o n s . 

The ve rb de te rmines the s t r u c t u r e o f t he s e n ­
tence i n Japanese as w e l l as i n E n g l i s h , a l t h o u g h 
t h e ve rb i s p l aced a t t he end o f t he sen tence . The 
r o l e o f t he v e r b is one o f t h e reasons why CD t h e ­
o r y i s a l s o e f f e c t i v e f o r Japanese. 

The most i m p o r t a n t d i f f e r e n c e between E n g l i s h 
and Japanese i s i n the o rde r o f c l a u s e s , p h r a s e s , 
and sen tences . I n E n g l i s h , c lause m o d i f i e r s u s u a l l y 
f o l l o w t h e m o d i f i e d wo rd . But m o d i f i e r s a re never 
p l a c e d a f t e r t h e m o d i f i e d words i n Japanese. Sub­
o r d i n a t e c lauses a re never p l a c e d a f t e r t h e i r main 
c l a u s e s . A l l t he c lauses are t e m p o r a l l y o r d e r e d i n 
Japanese. The o n l y e x c e p t i o n is a g o a l c l a u s e . 
There a r e , o f c o u r c e , e x c e p t i o n s i n l i t e r a r y ex ­
p r e s s i o n s b u t t h i s gene ra to r does n o t t r e a t them. 

I l l CONCEPTUAL REPRESENTATION 

The Japanese g e n e r a t o r s t a r t s f rom t h e concep­
t u a l r e p r e s e n t a t i o n wh ich t h e p a r s e r e x t r a c t s f rom 
Spanish newspaper s t o r i e s . For example , F i g . l shows 
a concep tua l r e p r e s e n t a t i o n f o r S t o r y 1 . F i g . 2 
shows Japanese sentences gene ra ted f rom t h e r e p r e ­
s e n t a t i o n and t h e i r cor respondence w i t h E n g l i s h 
words . 

Each c o n c e p t u a l r e p r e s e n t a t i o n i s expressed by 
a t r e e s t r u c t u r e . Nodes o f t h e t r e e a re e i t h e r 
nouns or e v e n t s ( v e r b s ) . Each node has i t s own c o n ­
c e p t . For example , even t node EXEO in F i g . l has 
EXECUTE a s i t s concep t . I t s a c t o r i s HUM11, i t s o b ­
j e c t i s HUM9, and t h e p l a c e where t he event occured 
is LOCO. IR-FROM is a causa l r e l a t i o n s h i p wh ich 
means t h a t UND1 caused t h e event of EXEO. 
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CONCEPT M-MOCK-TRIAL 
ACTOR H U M l l = 

CONCEPT TERRORIST 
ORG OBJ3= CONCEPT TERRORIST-ORG 

MEMBERS H U M l l 
GENDER MALE 
TYPE GUERRILLA 
WEARING OBJ0= CONCEPT CLOTHING 

TYPE S U I T 
COLOR OLIVE-COLORED 

OBJECT HUM6= CONCEPT PERSON 
NUMBER AT-LEAST 60 
RESIDENCE COUNTRY 

SCENE2 ACC1= CONCEPT ACCUSE 
OBJECT HUM6 
BAD-ACT UND1 
ACTOR H U M l l 
IR-FROM UND1 

SCENE4 EXE0= 
CONCEPT EXECUTE 
ACTOR H U M l l 
PLACE LOC0= CONCEPT C ITY 

NAME SAN PEDRO PERULAPAN 
OBJECT HUM6 
IR-FROM UND1 

SCENE1 UND1= CONCEPT UNDESIRABLE-ASSISTANCE 
JUDGER H U M l l 
OBJECT OBJ5= CONCEPT GOVERNMENT 
ACTOR HUM6 

SCENE3 TRY0= CONCEPT TRY 
ACTOR H U M l l 
OBJECT HUM6 

Fig.1 Conceptual Representation fo r Story 1. 

s u k u n a k u t o m o 6 0 n i n n o n o u m i n t a c h i g a s e i f u n i 
AT-LEAST 60 PEASANTS GOVERNMENT 

k y o r y o k u s h i t a n o d e , t e r o s o s h i k i n i z o k u s u 
COLLABORATED BECAUSE TERRORIST-ORG 

o r i b u i r o n o f u k u o k i t a g e r i r a t a c h i w a s o n o 
OLIVE-COLORED S U I T WEARING GUERRILLAS THE 

n o u m i n t a c h i o k o k u h a t s u s h i t e , s a i b a n - n i - k a k e t a . 
PEASANTS ACCUSED TR IED 

s o r e k a r a , s o n o g e r i r a t a c h i w a s a n p e d o r o p e r u r a p a n 
THEN THE GUERRILLAS SAN PEDRO PERULAPAN 

t o i u m a c h i d e s o n o n o u m i n t a c h i o s h o k e i s h i t a . 
C I T Y THE PEASANTS EXECUTED 

Fig.2 Generated Japanese Sentences and Correspond­
ence wi th English Words. 

T h e g e n e r a t o r h a s a J a p a n e s e d i c t i o n a r y . I t 
h a s J a p a n e s e e n t r i e s f o r v e r b s , n o u n s a n d o t h e r s 
w h i c h c o r r e s p o n d t o t h e c o n c e p t s a n d t h e p r o p e r 
n o u n s s u c h a s shown i n P i g . l . 

IV GENERATION OF JAPANESE SENTENCES 

One o f t h e m a i n f u n c t i o n s o f t h i s g e n e r a t o r i s 
t h e i n f e r e n c e o f t e m p o r a l o r d e r o f e v e n t s u s i n g 
MOPs a n d c a u s a l c h a i n s . The t e m p o r a l o r d e r i s i m ­
p o r t a n t b e c a u s e m o s t c l a u s e s a n d s e n t e n c e s a r e 
o r d e r e d t e m p o r a l l y i n J a p a n e s e . T h e p a r s e r g i v e s 
t h e c o n c e p t u a l r e p r e s e n t a t i o n a n d i t s m a i n n o d e t o 
t h e g e n e r a t o r . T h e g e n e r a t o r f i r s t e x t r a c t s a l l t h e 

e v e n t s c o n n e c t e d t o t h e m a i n n o d e . 

T h e n t h e e v e n t s a r e s o r t e d t e m p o r a l l y a n d a p ­
p r o p r i a t e c o n j u n c t i v e s a r e i n s e t e d b e t w e e n t h e m . 
F o r e x a m p l e , i n S t o r y 1 , 

(UND1 n o d e , A C C 1 , TRYO. s o r e k a r a EXEO) 
i s t h e w h o l e s t r u c t u r e t o b e g e n e r a t e d f o r t h e 
S t o r y 1 , w h e r e a l l t h e e v e n t s a r e o r d e r e d t e m p o r a l ­
l y a n d t w o c o n j u n c t i v e s a r e i n s e r t e d t h e r e . The 
g e n e r a t o r s t a r t s t o t r a n s l a t e t h e l e f t s i d e e v e n t s 
a n d t h e n p r o c e s s e s t h e n e x t t o t h e r i g h t u n t i l ' t h e 
l i s t b o c o m e s N I L . 

A . T e m p o r a l O r d e r i n g o f E v e n t s U s i n g MOPs 

1 . O r d e r i n g W i t h S c e n e s i n MOPs 
E v e r y e v e n t i s r e l a t e d t o a n o t h e r e v e n t b y a 

c a u s a l c h a i n o r a s c e n e r e l a t i o n i n MOPs. The c a u s ­
a l c h a i n , i n d i c a t e d b y s u c h r e l a t i o n s a s LEAD-TO, 
REASON, GOAL, PRECONDITIONS e t c . s p e c i f i e s i t s t e m ­
p o r a l o r d e r b e t w e e n t h e t w o e v e n t s . T h e s c e n e r e l a ­
t i o n shown i n F i g . l g i v e s a t e m p o r a l o r d e r w i t h 
o t h e r s c e n e s i n t h e MOP; S C E N E l , S C E N E 2 , e t c . a r e 
i n a t e m p o r a l o r d e r . F o r e x a m p l e , i n t h e MOP o f M -
POLICE-CAPTURE, SCENEl i s a d e s c r i p t i o n o f a c r i m e 
a n d t h e s c e n e c a u s e s SCENE2, POLICE-SEARCH. As a 
r e s u l t o f t h e s c e n e , AUTHORITY w i l l a r r e s t BAD-GUY 
i n SCENE3. T h e s e e v e n t s a r e o r d e r e d t e m p o r a l l y u s ­
i n g t h e s e s c e n e s i f ACTORs a n d OBJECTS s a t i s f y t h e 
c o n d i t i o n s a t e a c h s c e n e . 

2 . O r d e r i n g W i t h C a u s a l R e l a t i o n s And MOPs 
The p a r s e r e x t r a c t s c a u s a l r e l a t i o n s h i p s among 

e v e n t s i n s t o r i e s w h e n some o f t h e e v e n t s c a n n o t 
b e e x p r e s s e d w i t h s c e n e s i n MOPs. 

H o w e v e r t h e r e a r e some c a s e s w h e r e t h e t e m p o ­
r a l o r d e r s c a n n o t b e d e t e r m i n e d b y t h e c a u s a l 
c h a i n s g i v e n b y t h e p a r s e r . F o r e x a m p l e , i n S t o r y 3 , 
t h e m a i n n o d e c o n t a i n s t h r e e e v e n t s : 

K I L 2 : A POLICEMAN K I L L E D A C R I M I N A L . 
TRAO : A POLICEMAN TRANSPORTED A C R I M I N A L . 
ESC l : A CRIMINAL TRIED TO ESCAPE. 

T h e i n p u t s t o r y h a s a s t r u c t u r e s u c h a s , 
K I L 2 d u r i n g TRAO. K I L 2 w h e n E S C l . 

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

TRAO - » K I L 2 a n d E S C l - - > K I L 2 . 
T h e t e m p o r a l r e l a t i o n b e t w e e n TRAO a n d E S C l i s n o t 
c l e a r h e r e . T h e g e n e r a t o r h a s t o i n f e r t h e r e l a t i o n 
u s i n g MOPs a n d t h e c o n c e p t u a l r e p r e s e n t a t i o n t o 
g e n e r a t e J a p a n e s e s e n t e n c e s . 

C o n n e c t i v i t y o f l o c a t i o n s i s o n e o f t h e c l u e s 
o f i n f e r e n c e w h e n e i t h e r o f t h e e v e n t h a s a c o n ­
c e p t o f P T R A N S ( p o s i t i o n t r a n s i t i o n ) . I f t h e l o c a ­
t i o n w h e r e E S C l o c c u r e d i s c o n f i r m e d t o b e t h e d e s ­
t i n a t i o n o r o n t h e way o f TRAO, t h e n t h e g e n e r a t o r 
c a n i n f e r t h a t E S C l o c c u r e d d u r i n g o r a f t e r TRAO 
o c c u e d . B u t t h e r e i s n o s u c h i n f o r m a t i o n i n t h e 
c o n c e p t u a l r e p r e s e n t a t i o n o f S t o r y 3 . 

N e x t , t h e g e n e r a t o r l o o k s a t CONTROL a n d D I S -
ABLE-CONTROL r e l a t i o n . T h e c o n c e p t o f TRAO, TRANS­
P O R T - C R I M I N A L , h a s t h e t e m p l a t e a s f o l l o w s , 

TEMPLATE ACTOR AUTHORITY 
OBJECT BAD-GUY 
PRECONDITIONS (CONTROL ACTOR O B J E C T ) . 

T h i s t e m p l a t e m e a n s t h a t a n a u t h o r i t y k e e p s a b a d -
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guy under c o n t r o l d u r i n g t h e t r a n s p o r t a t i o n . On t h e 
o t h e r hand, ESCAPE is t he ESCl 's concept and i t has 
an an teceden t , DISABLE-CONT. T h e r e f o r e , ESCAPE s a t ­
i s f i e s t he p r o p e r t i e s o f DISABLE-CONT. A f t e r check­
i n g the correspondence between ACTOR of TRAO and 
OBJECT of ESC1 and a l s o OBJECT of TRAO and ACTOR of 
ESCl, t he g e n e r a t o r i n f e r s t h a t t he tempora l o r d e r 
of the events shou ld be TRAO ESCl. The whole 
s t r u c t u r e of S to r y 3 thus becomes 

(TRAO t o k i , ESCl node, K I L 2 ) . 

B. EVENT GENERATION 

An event i s genera ted by the f o l l o w i n g f u n c ­
t i o n s , 

(GEN-SUBJECT), (GEN-VERB-MODIFIERS), (GEN-VERB). 
(GEN-SUBJECT) p i c k s up an ACTOR s l o t f rom the e v e n t . 
The f u n c t i o n chooses an OBJECT s l o t and t h e even t 
is expressed in a pass i ve form when t h e ACTOR s l o t 
i s no t f i l l e d . 

A case marker "wa" u s u a l l y f o l l o w s a s u b j e c t . 
Another case marker " g a " i s a l s o used o f t e n f o r a 
s u b j e c t . The d i f f e r e n c e between them is so s u b t l e 
and h i g h l y semant ic t h a t i t i s no t easy t o t r e a t . 
Roughly speak ing , " g a " i s used i n s u b o r d i n a t e 
c lauses wh ich express t i m e , r eason , g o a l , e t c . And 
"wa" i s u s u a l l y used i n main c l a u s e s . T h i s approx -
mat ion i s adopted i n t h i s g e n e r a t o r . 

(GEN-VERB-MODIFIERS) genera tes OBJECT and o t h e r 
m o d i f i e r s f o r t h e v e r b . I t has s tanda rd p a i r s o f 
p r o p e r t i e s and case markers l i s t e d be low , 

((TIME n i ) (PLACE de) (FROM kara) (TO e) 
(INST de) (OBJECT o ) ) . 

These m o d i f i e r s f o r ve rbs a re genera ted w i t h t h i s 
o r d e r . A case marker must be s p e c i f i e d at the 
v e r b ' s e n t r y i n t he Japanese d i c t i o n a r y when the 
p r o p e r t y has ano the r t ype o f case marke rs . 

(GEN-VERB) genera tes a ve rb which is a p p r o p r i ­
a t e l y i n f l e c t e d a c c o r d i n g to t he tense and the mode 
o f t he e v e n t . The tense i n f l e c t i o n o f t h e ve rbs a re 
s p e c i f i e d a c c o r d i n g t o t h e i r end ings . 

C. NOUN PHRASE GENERATION 

A noun phrase is genera ted by t h e f o l l o w i n g 
f u n c t i o n s when the noun i s p rocessed f o r t he f i r s t 
t i m e , (GEN-NOUN-MODIFIERS), (GEN-NOUN). 
The second t ime a noun is needed, i t i s genera ted 
by (GEN-PRONOUN). 

For example, when CRIMINAL FIDEL GONZALEZ is 
genera ted f o r t h e f i r s t t i m e , (GEN-PRONOUN) i s used 
t h e nex t t i m e . The f u n c t i o n genera tes THE CRIMINAL 
i n s t e a d o f pronoun " h e " . Because i n Japanese, espe­
c i a l l y i n newspapers, pronouns co r respond ing t o 
" h e " , " s h e " e t c . a re r a r e l y used . There i s a t e n d ­
ency to use more s p e c i f i c words shown above than 
such p ronouns . 

An o r d e r o f t h e m o d i f i e r g e n e r a t i o n f o r a noun 
is s p e c i f i e d a s , TYPE NUMBER AGE NAME STATUS e t c . 
Other m o d i f i e r s n o t s p e c i f i e d he re a re genera ted 
a c c o r d i n g t o t h e o r d e r i n t h e node r e p r e s e n t a t i o n 
and they precede these m o d i f i e r s . 

D. ELLIPSES 

Sub jec t s i n main c l auses are u s u a l l y o m i t t e d 
when t h e i r s u b o r d i n a t e c l auses have the same sub­
j e c t s i n Japanese. I n S to r y 1 shown i n F i g . 1 , t he 
s u b j e c t and the o b j e c t in even t ACC1 a re same as 
those in TRAO. In t he Japanese t r a n s l a t i o n , n o t 
o n l y i s t he s u b j e c t o m i t t e d i n TRAO, b u t a l s o t h e 
o b j e c t i s a s shown i n F i g . 2 . A n o b j e c t i s no t o m i t ­
t e d i f t he two events have no common s u b j e c t . 

V CONCLUSIONS 

T h i s gene ra to r works w e l l i n t r a n s l a t i n g c o n ­
c e p t u a l r e p r e s e n t a t i o n i n t o Japanese sentences d u r ­
i n g t he p r o c e s s i n g o f 15 t e r r o r i s m s t o r i e s . Concep­
t u a l r e p r e s e n t a t i o n i s expressed t o b e language i n ­
dependent i f t he c u l t u r e o r the customs beh ind the 
language a re no t v e r y d i f f e r e n t f rom those o f t h e 
r e p r e s e n t a t i o n . In those s t o r i e s , t h e MOPs a re n o t 
changed f o r t he g e n e r a t i o n . 

The p rob lem o f focus i s no t d i scussed i n t h i s 
paper . Word o r d e r and nested s t r u c t u r e shou ld be 
taken i n t o account i f t h i s p rob lem i s t r e a t e d b y 
t h e g e n e r a t o r . But t he tempora l o r d e r i n g o f events 
and o t h e r methods proposed here a re necessary f o r 
g e n e r a t i o n r e g a r d l e s s o f the focus p rob lem. 
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