Zero Pronoun Resolution

in Japanese Discourse

Based on Centering Theory

OKUMURA Manabu

Scho ol of Information Science,

Japan Adv anced Institute of

Science and T ec hnology

T atsunokuc hi, Ishik a w a 923-12, Japan

oku@jaist.ac.jp

T AMURA Kouji

Department of Softw are Developmen t,

F ujitsu

1015 Kamiko danak a, Nak ahara-ku,

Kaw asaki 211, Japan

k-tamura@candy.paso.fujitsu.co.jp

Abstract

Recently there hav e b een a num b er of

works that mo del the zero pronoun res-

olution with the concept called ‘center.’

Howev er, the usefulness of the previous

centering frameworks has not fully ev alu-

ated with naturally o ccurring discourses.

F urthermore, the previous centering the-

ory has handled only the phenomena in

successive simple sentences and has not

adequately addressed the wa y to han-

dle complex sentences that are prev a-

lent in naturally o ccurring discourses. In

this pap er, we present a metho d to han-

dle complex sentences with the centering

theory and describ e our framework that

identi�es the anteceden ts of zero pro-

nouns in naturally o ccurring Japanese

discourses. W e also present the ev al-

uation of our framework with real dis-

courses.

1 Intro duction

In many natural languages, elements that can b e

easily deduced by the reader are frequently omit-

ted from the expressions in discourses. Particu-

larly in Japanese discourses, this omission o ccurs

more frequently and a zero pronoun is often used

to av oid rep eating a noun phrase that app eared

in the previous sentences. A zero pronoun can b e

considered as a noun phrase which is of an oblig-

atory case and which is not expressed but can

b e understo o d through the context(Y oshimoto,

1986). Therefore, to understand a Japanese dis-

course, it is imp ortant to identify the antecedents

of zero pronouns.

Recently there hav e b een a num b er of works

that mo del the (zero) pronoun resolution with the

concept called ‘center’(Grosz et al., 1995; Bren-

nan et al., 1987; W alker et al., 1994; Kameyama,

1986). The centering theory tries to identify the

antecedent of a (zero) pronoun by the idea that

the entit y that a sentence most centrally con-

cerns(center) tends to b e expressed by a (zero) pronoun. The centering theory has the follow-

ing adv an tages. Because it uses only the sur-

face information in sentences and do es not need

a huge amount of common sense knowledge to re-

solve (zero) pronouns, it is easy to implement it

on computer systems. Secondly

, it can b e applied

to many languages(Grosz et al., 1995; W alker et

al., 1994).

In spite of these adv an tages, unfortunately

, the

usefulness of the previous centering frameworks

has not fully tested b ecause only a small num-

b er of constructed discourses have b een used for

ev aluation. W e think they should b e tested with

a corpus of naturally o ccurring discourses. How-

ever, such a test is now di�cult b ecause the pre-

vious centering theory has only handled the phe-

nomena in successive simple sentences and has not

adequately addressed the wa y to handle complex

sentences that are prev alen t in naturally o ccurring

discourses.

In this pap er, we present a metho d to han-

dle complex sentences with the centering theory

and describ e our framework that identi�es the an-

tecedents of zero pronouns in naturally o ccurring

Japanese discourses. W e also present the ev alua-

tion of our framework with real discourses.

In section two we outline two versions of

the centering theory that have b een applied to

Japanese zero pronoun resolution. In section three

we explain how zero pronouns in complex sen-

tences can b e handled based on the centering the-

ory . In section four we describ e a set of the exp er-

iments that our zero pronoun resolution metho d

in section three is applied to real Japanese dis-

courses.

2 Two V ersions of the Centering

Theory

In the centering theory

, each sentence has two

structures asso ciated with it: a set of discourse

entities called forward-lo oking centers, C

f s, that

app ear in the sentence, and a sp ecial member of

C

f s called the backw ard-lo oking center, C

b

. The

C

b is the discourse entity that the sentence most

centrally concerns. A C

f may b ecome a C

b later in the discourse. The set of C

f s is ordered by

their grammatical prop erties which are considered

to re ect their degrees of salience. The centering

theory sp eci�es the following (heuristic) rule:

If the C

b of the current sentence is the

same as the C

b of the previous sentence,

a (zero) pronoun should b e used.

There are two versions of the centering theory

that have b een applied to Japanese zero pronoun

resolution: Kameyama’s(Kameyama, 1986) and

W alker’s(W alker et al., 1994). Roughly b oth ver-

sions use the following same forward center rank-

ing for Japanese:

T opic > E mpathy > S ubj ect > O bj ect2

> O bj ect > O ther s;

where Emp athy is a grammatical prop erty that in-

dicates the sp eaker’s p osition in describing a situ-

ation. In addition to the ab ove rule, Kameyama’s

version uses the prop erty sharing constraint that

two zero pronouns in adjacent sentences, which

co-sp ecify the same C

b

, should share one of the

grammatical prop erties. This constraint is used

for ranking discourse entities in the order of pref-

erence as the anteceden t of a zero pronoun.

W alk er’s version, on the other hand, uses the

following additional rules and constraint:

� Constraint

F or each sentence U

i

:

The center, C

b

(U

i

), is the highest-

ranked element of C

f

(U

i�1

) that ap-

p ears in U

i

.

� Rules

F or each sentence U

i

:

1. If a certain element of C

f

(U

i�1

) app ears

as a (zero) pronoun in U

i

, then so is

C

b

(U

i

).

2. T ransition states are ordered, where the

transition state is determined based on

tw o factors: whether C

b of the current

sentence is the same as of the previous

sentence, and whether C

b is the same

as the highest-ranked member of C

f of

the current sentence. This transition or-

dering is used for ranking discourse en-

tities in the order of preference as the

anteceden t of a zero pronoun.

Basically

, when the centering algorithm is used

for the (zero) pronoun resolution, the algorithm

�rst generates all p ossible antecedents for (zero)

pronouns in a sentence by enumerating all p ossible

C

b and C

f pairs for the sentence, and then �lters

and ranks these p ossible antecedents with the con-

straint and rules that are mentioned ab ov e. The

C

b of the sentence is computed as the side e�ect

of p erforming the (zero) pronoun resolution.

3 Pro cessing Complex Sentences

with the Centering Theory

In the centering theory that we outlined in the last

section, ‘sentence’, that is its basic unit of pro-

cessing, means the simple sentence that contains

only one predicate(verb). The centering theory ,

therefore, has not adequately addressed the wa y

to handle complex sentences that contain multiple

verbs. How ever, it is necessary to handle complex

sentences that are prev alen t in naturally o ccurring

discourses with the centering algorithms.

W e can think of (at least) tw o wa ys to handle

complex sentences. F or instance, consider pro cess-

ing a complex sentence of the form ‘SX Conj SY,’

where SX and SY each consists of a simple sen-

tence and Conj is a conjunctive element(Suri and

McCoy

, 1994)

1

. One can imagine pro cessing SX

�rst and then SY as if they are a linear sequence of

simple sentences and applying the centering the-

ory to each sentence successively and up dating the

data structures for centering.

On the other hand, the whole sentence can b e

treated as a single unit. This approach, how ever,

has tw o problems. First, the intrasenten tial el-

lipsis that the anteceden t exists in the same sen-

tence

2

cannot b e handled with the centering the-

ory , b ecause the centering theory only handles the

intersen ten tial ellipsis. Therefore, the intrasen ten-

tial ellipsis must b e dealt with separately from the

intersen ten tial ellipsis. Secondly

, in the centering

theory

, it is unclear whether tw o zero pronouns

with the same grammatical prop erty in the di�er-

ent simple sentences (of a complex sentence) can

b e simultaneously handled without any extension

to the original theory .

Comparing these tw o approaches, we adopt the

former. And if a sentence contains multiple verbs,

we partition it into multiple simple sentences and

apply the centering theory to a sequence of par-

titioned simple sentences individually for the zero

pronoun resolution. Using this approach, we need

not mo dify the original centering algorithm dras-

tically to handle complex sentences. Even the in-

trasenten tial ellipsis can b e handled with the cen-

tering theory

, b ecause di�erent simple sentences

contain the anteceden t and the zero pronoun re-

sp ectively

, after partitioning.

3.1 The range of search for the

antecedent

Since the centering theory uses only the infor-

mation in the previous and current sentences,

this might b e problematic when we adopt the

‘partition’ approach. F or example, if the previ-

ous sentence consists of three simple sentences,

1

In case of Japanese, it is a conjunctive

p ostp osition.

2

Of course, the anteceden t do es not exist in the

same simple sentence.

the �rst simple sentence in the previous sen-

tence b ecomes the third from the current sen-

tence, after partitioning. Partitioning might cause

that the information in the previous and current

(p ost-partitioned simple) sentences do es not in-

clude even the information in the current (pre-

partitioned) sentence. W e think it is inadequate,

since the antecedents of zero pronouns often ap-

p ear in the previous (pre-partitioned) sentence.

Therefore, it is necessary to extend the range of

search for the antecedent to more previous (p ost-

partitioned simple) sentences.

T o determine to what extent we should extend

the range of search for the anteceden t, we make

the following inv estigations and exp eriment:

� How many simple sentences do es a naturally

o ccurring sentence consist of ?

� How many sentences from the current sen-

tence do we �nd the anteceden t of a zero pro-

noun in real discourses?

� How do es the accuracy of the zero pronoun

resolution change if we v ary the range of sim-

ple sentences where the anteceden t of a zero

pronoun is searched?

The �rst investigation is p erformed manually ,

and the result shows that 10,000 sentences of

the review articles from the newspap er consist of

24,332 simple sentences. Therefore, a naturally

o ccurring Japanese sentence can b e considered to

consist of 2.0 { 2.5 simple sentences on average.

The second investigation is p erformed manually

on one of the test discourses that are mentioned in

the next section, and the result shows that 95% of

the antecedents app ear in the previous or current

(pre-partitioned) sentence. This result is consis-

tent with the larger-scale inv estigation that F u-

jisawa et al.(F ujisaw a et al., 1991) made for the

same purp ose. F ujisaw a’s inv estigation, on 1,087

sentences of the scienti�c journal and 1,426 sen-

tences of the review articles from the newspap er,

showed that 87.6% of the anteceden ts app eared

in the previous or current sentence and 95.1% ap-

p eared in the previous tw o sentences or current

sentence. The third exp eriment is p erformed on

two of the test discourses in the next section, by

implementing tw o versions of the centering algo-

rithms that are mentioned in the last section and

v arying the range of simple sentences where the

antecedent of a zero pronoun is searched from the

previous sentence to the previous ten sentences.

The exp eriment shows that the accuracy improv es

until the previous 2 { 4 sentences are searched, but

degrades after that.

T otally taking into account these results, we

determine that the anteceden ts are searched in

the previous four simple sentences. Since the an-

tecedent tends to app ear in the closer sentence to

the zero pronoun, as F ujisaw a’s inv estigation indi-

cates, we determine the following forward center ranking among the C

f s of the previous four simple

sentences:

C

1

f

> C

2

f

> C

3

f

> C

4

f

;

where C n

f represents the C

f of the n-th simple

sentence from the current sentence.

3.2 T aking into account the information

of conjunctive p ostp ositions

Even if the anteceden ts are searched in the pre-

vious four simple sentences, simple ‘partition’ ap-

proach might not yield go o d p erformance, b ecause

the information of conjunctive p ostp ositions that

are b etween two adjacent simple sentences is not

taken into account. F or example, consider the fol-

lowing sentences:

(a) T aro wa issyouk enmei b enkyou

siteita.

(b) Jiro ga koe wo k ake temo,

kizuk anak atta.

These sentences are partitioned into the following

simple sentences:

(a) T aro wa issyoukenmei b enkyou siteita.

T opic

T aro was studying hard.

(b1)

Jiro ga ( � ni ) koe wo k ake temo,

Sub j Conj

Although Jiro called out to him,

(b2) ( �

1 ga ) ( �

2 ni ) kizuk anak atta.

he did not notice him.

Here � represents a zero pronoun. Applying the

centering algorithm to these sentences, the pro cess

b ecomes as follows:

(a) : C

f

= [T ar o]; C

b

= [?]

3

(b1) : � = T ar o; C

f

= [J ir o; T ar o]; C

b

=

T ar o

(b2) : �

1

= J ir o; �

2

= T ar o; C

f

=

[J ir o; T ar o]; C

b

= T ar o

Therefore, the counter-in tuitive interpretation

that ‘Jiro did not notice T aro’ is obtained.

Since two adjacent simple sentences in a com-

plex sentence are combined together by the con-

junctive p ostp osition that indicates the relation-

ship b etween them, using the information of the

conjunctive p ostp osition might improv e the p er-

formance of the zero pronoun resolution.

T o clarify how the zero pronoun resolution relies

on the information of conjunctive p ostp ositions,

we p erform the inv estigation whether the noun

phrases with the same grammatical prop erty agree

in two adjacent simple sentences that hav e a con-

junctive p ostp osition b etw een them, by extracting

sentences with conjunctive p ostp ositions from the

review articles in the newspap er and enumerating

the agreement and disagreement. The enumera-

tion is p erformed in cases where b oth sentences

hav e zero pronouns and only either sentence has

3

The �rst sentence in a discourse has no C

b

.

a zero pronoun. Twelv e main conjunctive p ostp o-

sitions are inv estigated. The result of the investi-

gation is quite similar to the Y oshimoto’s and Mi-

nami’s inv estigations(Y oshimoto, 1986; Minami,

1974) that classify the conjunctive p ostp ositions

into three classes:

� Class A: ‘nagara’ (‘while’), ‘tari’ (‘and’),

‘tutu’ (‘while’), ‘te’ (‘and’)

4

If tw o sentences have a conjunctive p ostp o-

sition of class A b etween them, the sub ject

noun phrases tend to coincide, in b oth cases

where b oth sentences hav e zero pronouns and

only either sentence has a zero pronoun.

� Class B: ‘temo’ (‘although’), ‘no de’ (‘b e-

cause’), ‘noni’ (‘although’), ‘keredo’ (‘al-

though’), ‘ba’ (‘if ’), ‘k ara’ (‘b ecause’), ‘to’

(‘when’)

If tw o sentences have a conjunctive p ostp osi-

tion of class B b etw een them, the anteceden t

tends to b e not the sub ject of the other sen-

tence, in case where only either sentence has

the zero pronoun of the sub ject p osition. In

case where b oth sentences have zero pro-

nouns, the agreement/disagreement dep ends

on the context and do es not hav e any ten-

dency .

� Class C: ‘ga’ (‘but’)

The agreement/disagreemen t dep ends on the

context and do es not hav e any tendency .

F rom this result of the investigation, we deter-

mine to apply to the zero pronoun resolution the

following heuristics that are concerned with con-

junctive p ostp ositions. Since conjunctive p ostp o-

sitions of class A hav e a strong preference that

two sub jects in adjacent sentences tend to coin-

cide, instead of the centering algorithm, we use

this preference for the zero pronoun resolution in

the simple sentence after the conjunctive p ostp o-

sitions of class A, and try to �nd the antecedents

of zero pronouns in the same p osition of the adja-

cent sentence, if any

. In this case also, the center

of the current sentence is computed similarly to

the ordinary algorithm, and the antecedent of the

zero pronoun b ecomes the C

b of the current sen-

tence.

In case of conjunctive p ostp ositions of class B,

the antecedent tends to b e not the sub ject of the

other sentence if one of the sentences has the zero

pronoun of the sub ject p osition. W e think this

tendency implies that noun phrases in the sen-

tence b efore the conjunctive p ostp ositions of class

B tend to b e not the anteceden ts of zero pro-

nouns in the next sentences. Therefore, we give

these noun phrases the least preference as the an-

tecedents, although the zero pronoun resolution is

p erformed by the original centering algorithm.

4

In parentheses, we show the direct translation of

conjunctive p ostp ositions into English.

Since conjunctive p ostp ositions of class C have

no preference for the antecedents of zero pronouns,

the zero pronoun resolution is p erformed as usual.

Consider again the following sentences:

(a) T aro wa issyoukenmei b enkyou siteita.

T opic

T aro was studying hard.

(b1)

Jiro ga ( � ni ) koe wo k ake temo,

Sub j Conj

Although Jiro called out to him,

(b2) ( �

1 ga ) ( �

2 ni ) kizuk anak atta.

he did not notice him.

If the original centering algorithm is applied to

each sentence uniformly

, the counter-intuitiv e in-

terpretation is obtained, as mentioned ab ov e.

T aking into account the information of conjunc-

tive p ostp ositions and applying the ab ov e heuris-

tics to the p oints, since (b1) and (b2) hav e the

conjunctive p ostp osition of class B, ‘temo’ (‘al-

though’), b etw een them, the noun phrases in sen-

tence (b1) hav e the least preference and the order

of C

f in the sentence (b1) b ecomes the opp osite

to the case of the original centering algorithm.

Therefore, the anteceden ts of the zero pronouns

in sentence (b2) are identi�ed as follows:

(a) : C

f

= [T ar o]; C

b

= [?]

(b1) : � = T ar o; C

f

= [T ar o; J ir o]; C

b

=

T ar o

(b2) : �

1

= T ar o; �

2

= J ir o; C

f

=

[T ar o; J ir o]; C

b

= T ar o

Here this interpretation that ‘T aro did not notice

Jiro’ �ts our intuition.

4 Exp eriment and Discussion

In the last section, we describ ed our zero pronoun

resolution metho d that can handle complex sen-

tences based on the centering theory

. It di�ers

from the original centering algorithm in the follow-

ing tw o p oints. After partitioning complex sen-

tences into multiple simple sentences, it searches

the antecedents in the previous four simple sen-

tences, instead of only a previous sentence. Sec-

ondly

, it takes into account the information of

conjunctive p ostp ositions that are b etween tw o

simple sentences, by classifying them into three

classes.

In this section, we describ e the exp eriments that

our zero pronoun resolution metho d is applied to

real Japanese discourses, to ev aluate the e�ective-

ness. W e implement tw o versions of our zero pro-

noun resolution systems which are based on tw o

versions of the centering algorithms that are men-

tioned in section two resp ectively

, and ev aluate

the p erformance by comparing ours with the p er-

formance of the original centering algorithms.

As our test discourses, we use 275 (pre-

partitioned) sentences from �ve discourses in to-

tal, which are a review article in the newspap er,

a folk-tale, and a novel. Before the exp eriments,

T able 1: The p erformance of the systems based

on Kameyama’s algorithm

metho d correct incorrect accuracy

in not in

1 224 10 80 71.3%

2 237 46 31 75.5%

3 246 36 32 78.3%

T able 2: The p erformance of the systems based

on W alk er’s algorithm

metho d correct incorrect accuracy

in not in

1 197 31 86 62.7%

2 212 72 30 67.5%

3 230 54 30 73.2%

these discourses are automatically partitioned into

simple sentences and received structural analy-

sis, and the p ositions of zero pronouns are auto-

matically identi�ed as missing obligatory cases of

verbs. Then, the results of this prepro cessing are

manually corrected. The zero pronoun whose an-

tecedent app ears after it, i.e., the cataphoric one,

and the zero pronoun whose antecedent do es not

app ear in the discourse, are outside the scop e of

this pap er. Those zero pronouns are 30% of all

the zero pronouns in our test discourses.

The correct antecedents are manually identi�ed

b eforehand against each zero pronoun, and the

p erformance is computed based on these answers.

The exp eriments are made on the following three

cases:

1. The original centering algorithm that uses the

information of only a previous simple sen-

tence

2. The algorithm that searches the antecedents

in the previous four simple sentences

3. The algorithm not only searches the an-

tecedents in the previous four simple sen-

tences, but also takes into account the infor-

mation of conjunctive p ostp ositions that are

b etw een two simple sentences

The results of the exp eriments on tw o versions

of our systems are shown in T able 1 and 2, where

the columns of ‘correct’ and ‘incorrect’ show the

numbers of the correct and incorrect answers that

the system outputs resp ectively

, and the columns

of ‘in’ and ‘not in’ show the num b ers of cases

where candidates of anteceden ts in the system in-

clude the correct answer and the number of cases

where the system do es not hav e the correct answer

as the candidates, resp ectively .

Although the original centering algorithms yield

the p erformance of 60 { 70%, they hav e many cases where the system cannot get the correct an-

swer as the candidates(‘not in’) and cannot out-

put correct answers. This indicates that there are

many cases where the correct anteceden ts do not

app ear in the previous sentence, and implies the

plausibility of our �rst mo di�cation to the original

algorithm. The improvemen t of the p erformance

in metho d 2 also implies the plausibility of our

metho d. F urthermore, taking into account the in-

formation of conjunctive p ostp ositions improves

the p erformance by 3 { 6%. T otally

, compared

with the original centering algorithms, the p erfor-

mance of our metho d improv es by 7 { 10%.

Since the zero pronoun resolution metho d that

is based on the centering theory uses the results

of the zero pronoun resolution in previous sen-

tences, ‘error-chaining’ might o ccur many times.

Error-chaining o ccurs when the identi�cation of

a wrong anteceden t causes another wrong zero

pronoun resolution successively

. In case of our

system(metho d 3) based on Kameyama’s algo-

rithm, 30.2% of the incorrect answers are due to

this error-chaining. There is also the p ossibility

where the correct answers are output b ecause of

the wrong zero pronoun resolution in the previous

sentences. In case of our system(metho d 3) based

on Kameyama’s algorithm, only 1.2% of the cor-

rect answers are due to this ‘false negative.’

As you notice from the ab ove tw o tables, there

exist ab out 30 cases where the anteceden ts app ear

in more than �ve sentences from the current sim-

ple sentence and cannot b e found by our metho d.

W e think these cases should not b e handled simply

by extending the search range for the antecedents,

but by utilizing the information of global struc-

ture of discourses(Grosz and Sidner, 1986), b e-

cause the digressive sub-discourse is inserted b e-

tw een the anteceden ts and the zero pronouns in

most of these cases.

Of course, there hav e b een the zero pronoun

resolution approaches that take into account the

information of conjunctive elements(Nak aiwa and

Ikehara, 1992; Nak agaw a and Nishizawa, 1994;

Y oshimoto, 1986; Suri and McCoy

, 1994). Be-

cause Nak aiwa’s(Nak aiw a and Ikehara, 1992) and

Nak aga wa’s(Nak aga wa and Nishizaw a, 1994) ap-

proaches use the information in a restricted do-

main or to o �ne-grained grammatical information,

we think they are di�cult to b e tuned to the broad

cov erage zero pronoun resolution system. F urther-

more, Nak agaw a’s and Y oshimoto’s(Y oshimoto,

1986) approaches are not fully ev aluated with real

discourses. Although Nak aiwa’s approach yields

high success rate of 93%, he uses rather small test

sets(102 sentences from 29 articles), and the input

is restricted to the �rst paragraphs of newspap er

articles.

Suri’s work(Suri and McCoy

, 1994) might b e

one of the few works that extend the centering

framework to handle complex sentences, although she handles only sentences of the form ’SX b ecause

SY,’ and uses Sidner’s fo cusing framework(Sidner,

1983), that is di�erent from the centering theory

that our metho d is based on. F urthermore, the

e�ectiveness of her work is not ev aluated with real

discourses.

T ak ada’s work(T ak ada and Doi, 1994) might b e

the only exception that prop oses the zero pronoun

resolution metho d based on the centering theory

and ev aluates its e�ectiveness with real discourses.

Since he handles not only zero pronouns but also

overt pronouns, the exact comparison is di�cult,

but his approach, that is based on Kameyama’s

approach, yields the p erformance of 74.8% if the

results for overt pronouns are excluded. In addi-

tion, to handle complex sentences, he adopts the

other approach where they are treated as a single

unit, and admits that some problems arise b ecause

of this approach.

T aking into account the information of conjunc-

tive elements in the pronoun resolution reminds us

of the works that use the establishment of coher-

ence relations b etw een clauses for pronoun reso-

lution(Hobbs, 1979; Kehler, 1993). They try to

establish coherence relations by the costly infer-

ence, while we use only the surface information.

5 Conclusion

In this pap er, we presented a simple metho d to

handle complex sentences with the centering the-

ory and describ ed our framework that can identify

the anteceden ts of zero pronouns in naturally o c-

curring Japanese discourses. W e also presented

the ev aluation of our framework with real dis-

courses, although the ev aluation is not so large-

scale to assert the e�ectiveness of our framework.

Our simple metho d yielded the accuracy of 78%

for the zero pronoun resolution.

Since our metho d that is presented in this pap er

is based on the centering theory and basically uses

only syntactic information, we plan to incorp orate

the semantic constraints that �lter anomalous an-

tecedents for zero pronouns, and take into account

the global structure of discourses. W e think the

preliminary results of our system in this pap er are

promising since incorp orating the information of

semantic constraints and the global structure of

discourses will improve the p erformance.

References

S.E. Brennan, M.W. F riedman, and C.J. Pollard,

A Centering Approach to Pronouns, Pr o c. of

the 25th Annual Me eting of the Asso ciation for

Computational Linguistics, pp.155-162, 1987.

S. F ujisaw a, S. Masuyama, and S. Naito, A Ba-

sic Study on Ellipsis and Anaphora in Japanese

Sentences, IPSJ SIG Notes, V ol. 91, No. 96, in

Japanese, 1991.

B.J. Grosz and C.L. Sidner, Atten tion, Inten tions,

and the Structure of Discourse, Computational

Linguistics, V olume 12, Number 3, 175-204,

1986.

B.J. Grosz, A.K. Joshi, and S. W einstein, Center-

ing: A F ramew ork for Mo deling the Lo cal Co-

herence of Discourse, Computational Linguis-

tics, V olume 21, Number 2, pp.203-225, 1995.

J.R. Hobbs, Coherence and Coreference, Cogni-

tive Scienc e, V olume 3, Numb er 1, pp.67-90,

1979.

M. Kameyama, A Prop erty-Sharing Constraint in

Centering, Pr o c. of the 24th Annual Me eting of

the Asso ciation for Computational Linguistics,

pp.200-206, 1986.

A. Kehler, The E�ect of Establishing Coherence

in Ellipsis and Anaphora Resolution, Pr o c. of

the 31st Annual Me eting of the Asso ciation for

Computational Linguistics, pp.62-69, 1993.

F. Minami, Gendai Nihongo no Kouzou,

T aish uuk an, T oky o, in Japanese, 1974.

H. Nak agaw a and S. Nishizawa, Semantics of

Complex Sentences in Japanese, Pr o c. of

the 15th International Conferenc e on Compu-

tational Linguistics, pp.679-685, 1994.

H. Nak aiwa and S. Ikehara, Zero Pronoun Reso-

lution in a Japanese to English Machine T rans-

lation System by using V erbal Semantic At-

tributes, Pr o c. of the 3r d Confer enc e on Ap-

plied Natur al L anguage Pro c essing, pp.201-208,

1992.

C.L. Sidner, F ocusing in the Comprehension of

De�nite Anaphora, In M. Brady and R.C.

Berwick, editors, Computational Mo dels of Dis-

course, MIT Press, pp.267-330, 1983.

L.Z. Suri and K.F. McCoy

, RAFT/RAPR and

Centering: A Comparison and Discussion of

Problems Related to Pro cessing Complex Sen-

tences, Computational Linguistics, V olume20,

Number 2, pp.301-317, 1994.

S. T ak ada and N. Doi, Centering in Japanese:

A Step T ow ards Better Interpretation of Pro-

nouns and Zero-Pronouns, Pr o c. of the 15th In-

ternational Confer enc e on Computational Lin-

guistics, pp.1151-1156, 1994.

M.A. W alk er, M. Iida, and S. Cote, Japanese

Discourse and the Pro cess of Centering, Com-

putational Linguistics, V olume 20, Numb er 2,

pp.193-232, 1994.

K. Y oshimoto, Study of Japanese Zero Pronouns

in Discourse Pro cessing, IPSJ SIG Notes, V ol.

86, No. 52, in Japanese, 1986.