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A | i s t r a c t  

An extens ion of  tile notion of "cen- 

ter ing" is descr ibed for illt erl)rcting zero- 

|)rOIlO[lllS ~llld OVOFL l)l'O[IOl[llS in lia, Lll- 

r;dly oCcllrring Japanese  l:exl,, hi l)rcvi - 

ous work, Oile ZeFO-[)l'OllOIlll (~llcodo,q the 

t )ackward-looking center ,  with i)rollOllllS 

a, nd o ther  ze ro -p ronouns  ha.ndh;d as if they 

were overtly expressed.  All i nves t iga t ion  

is lnadc,  and f ro ln  il, pronouli.q mid zoro- 

prollOtl l iS al'(; couc, ludcd t,o t)(; l i iorc snlionl, 

t i tan o the r  ovorl, i/Otlll phl'a,~scs;, Th i s  eli. 

ablcs bei, ter intx;rprcl, a t ion  o f  pronol l l lS aud 

ZOl 'o-prOl lOt l l lS .  

i In t roduc t ion  

In ordc.r i,o twoid unna tu ra lness  caused by redun- 

dan t  use of full noun phrases ,  l /rononlinal  exprc'ssions 

arc used.  In Japanese, therc  ;ire basically two l,yl)cS 

of l ) ronolninal  Cxl/ressions: the zero i)ronoul~ and the 

(overt)  pr<mou,L Zero l)ronouns (mu I)c dcfiucd as 

fbllows [Yoshimoto 8(3]: 

A zero-pronoun is a noun phrase  whi(:h is 

of an obl igatory case ;rod which is not, ex- 

pressed but  can Iw. under s tood  I, hrough dis- 

COlll?SP. m i d  COll texL 

There  has been much work on han(lling zero- 

pl:O,,O,.l~, .~ . ' .h  ,,,~ [l<~,m,;y.,~l. S,5], [Vo~hi,,lot, o Sq, 
[Walker 92], mid [N()moto !)3]. Among; l.hcm, M. 

l(anmy~un~ showed in [Kamcyama  85] t.hat zero 

llrollOtlllS ill ,I;~I])ltlICSC ,q(mi,ell('c,q could I)c i l l ierl)rc.Lcd 

using a concept, called "(:Chic.ring" [3oshi 81]. In (,he 

centei ' ing inodel ,  there is one cnt, il, y I,hal. all tltt, or- 

a, nce iliOS|, Colll, i 'a]ty concerns. Th i s  0nl, it,y is rcfc:rro(I 

to  as t, hc backw~ i rd - look ing  ceutor  ((, 'b), A n y  o ther  

(mtity appea r ing  hi all Ill, tCl';tll('O is a. [}.)r',var(l-lookillg 

center  (Cf)  which niny I)ccomc a (it) later Oil ill ttic 

discourse, Cfs arc ordered by grammatical flmctions 
according to the, Jr degrees of  salience as follows: 

Topic > Subject; > O b j e c t / O b j e c t 2  

> Others  (Oblique,  Possessor,  etc) 

Kmneymn~  showed t ha t  t;he zeroq)ronoun corr(> 

Sllonds I,o the (3) in ;lalmnc.se. [{ul., ill her ~tccotllll., 

it' there  is m o r e  l,h&ll o11o zcrO-l)rOllOUn ill ;Ilk iiL- 

(,erance, only one of t lmm is t, lle Cb, and td[ o ther  

Zel:O-l)rolloulls wcro handled  just. as if they  had been 

ov0rl ; ly stal,e.d. |"lll'thCl'lllOl'(!, ])l'OllOUllS w c r c  &L'-;o 

I.r(~nl.e(I as i[' the cnl.ities had bc(m s ta ted  as 'ordi- 

llD.l'y' lIO/lll ph l ' ; t ses .  I l u t ,  t)V(!Ft pFOlIOllllS ~tFC u s e d  to,:) 

avoid tmllaturalncss ,  .just a.s Zel'O-l)l'OllOtlllS ~ll'C, ~111([ 

I, hcir ant, eccdeuts  should be found. 

In this pa.pcr, ow:rl, pronouns,  as well as zcro- 

l)ronouns, are in te rpre ted  l)y ex tend ing  tlm notion 

of center ing.  B~lsically, entii, ies corrcsImnding to I, hc 

ZCl'O-pl?OIIO/lllS ~l.lld o v e r t  iil'OtlOtlltS ira2 all tre~d.cd as 

1oeing giwm lllOl'(~ attenl, ion than  o ther  ent i t ies  in ~t 

S(~II{,(~IICC. ( ) l i ly  ~h()sc ])l'()ll()llllS a l ld  ZOl'O ])l'Oll()tlllS 

tha t  arc of an in terscntcnt in l  uaturc  arc handled. 

So, those whose al~tcccdcnl, appears  in I, he same scn- 

I,Cl/(:e as  t,h(; l)rOllOltlillal ( ' lcll lell t ,  i.e. inl, i 'ascml,cl~tial 

anaphora ,  Hilt[ I.hOSC W]I()8(~ ant.ccc(lcnl; appears  aft, or 

I, hc  l)rOllOlllillai ClClllCllt,, i .e. (:al, n p h o r a ,  a r c  Otll;sidc 

tim SCOl/C of this paper .  

In sccl, ion 2, the extcn(h'~d not ion of c(mtcring the 

( 'cnt,cr l,is(. Model - is cxphdncd ,  lu sect ion 3, a sys-- 

t.cm ilnl)lcmcnl, ing the (2cnt;er l,isi. Model is dcs(:ril)cd 

;m(l cvalua.l,cd. Conch.ling remarks are made ill see- 

lion 4. 

2 The Center List Model  

In this section, centering is cxtcndc'd to handle 

mult,il)Ic ZI~I!O-I)I'OIIOIIIlS ~ ~llld l, hcll ['url, her exl, cnd0d 

to handle over(, pronouns .  Finally, the ordering; ot'm> 

t.ities for showing the  degree of  salience is &mcril)ed. 
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2.1 Z e r o - P r o n o u n s  

In Kameyama's  account, only one zero-pronoun 

encodes the Cb, and any otl~er zero-pronouns be- 

come Cfs, just as if they had been overtly ex- 

pressed in the sentence. In other words, when there 

are multiple zero-pronouns, only one of the zero- 

pronouns has any significance, and ally other zero- 

pronoun might as well have been overtly expressed. 

But, because entities become zero-pronouns in or- 

der to avoid unnaturalness due to redundancy, zero- 

pronouns can be said to be salient enough to be un- 

derstood without being overt. Iu effect, this means 

that a greater amount of attention is placed on them 

than entities that were overtly expressed. This is 

shown through an example. 

Taking her approach, some simple extensions are 

made to see how well the ordering of entities in cen- 

tering would work for multiple zero-pronouns. First, 

the antecedent for the Cb-eueoding zero-pronoun is 

chosen.as shown in [Kameyama 85]. Basically, this 

consists of choosing the entity with the highest de- 

gree of salience in the previous sentence. Then, the 

next most salient zero-pronoun according to the or- 

dering of degrees of salience given in the previous 

section is considered. The antecedent for this zero- 

pronoun is the most salient entity fi'om the previ- 

ous sentence which will not contradict any possible 

constraints. At this point, we only consider seman- 

tic constraints for excluding such sentences as "The 

desk ate fish" and contra-index constraints for ex- 

cluding such sentences as "Jack ate Jack." Any other 

zero-pronouns are handled in tile same manner. For 

example, the following discourse is examinedl: 

Example 1: 

(1) Taro wa Jiro to shokuji chuu de atta. 

Taro Top/Sub airo with meal during was 

Taro was h.avin 9 a meal wilh. airo. 

Cb: - - ,  Cf: Taro > .}ire 

(2) @ Saburo we mikaketa. 

Sub Saburo Obj saw 

(Taw)  saw SabTtro. 

Cb: Taro, Cf: Saburo 

(3) ~ • airo ni shoukaishita. 

Sub Obj Jiro Obj2 introduced 

(Taro) introduced (5'aburo) to Jiro. 

(4) ¢ q' Shokuji ni sasotta. 

Sub Obj meal Obj2 invited 

(Taw)  invited (Sal, uro) to lhe meal. 

1 "¢5" denotes zero-pronouns,  and  Top, Sub, Obj,  Obj2 de~ 

notes Topic, Subject ,  Object ,  and  Object2,  respectively. 

In sentence (1), tile Cfs are ordered as Taro > Jiro, 

since Topic is the most salient entity. In sentence (2), 

the entity with the highest degree of salience fi'o,n 

the previous sentence (Taro) is chosen as tile zero- 

pronoun's antecedent, and becomes the Cb, with 

Saburo becoming a Cf. In tile third sentence, after 

Taro is chosen as the subject of the sentence, since 

there is only Saburo left,, Saburo becomes the an- 

tecedent of tile object zero-pronoun, assuming that 

there is some sort of knowledge preventing Taro from 

becoming the object. 

After sentence (3), the ordering of noun phrases 

would be as follows: 

Taro (Cb) > Jiro (Cf-  Obj2) = Saburo (Cf-  Oh j) 

This means that sentence (4) is ambiguous, having 

tile following possible interpretations: 

(a) Taro invited Jiro to the meal. 

(b) Taro invited Saburo to the rneal. 

But, the preferred meaning is (b). So, this would 

mean that the ordering should be as follows: 

Taro > Eaburo > Jiro 

This example shows that when trying to interpret 

more than one zero-pronoun, the ordering of noun 

phrases according to Kameyama's acconnt  may not 

be optimal. Of course, this can be rectified by chang- 

ing the ordering of the degree of salience so that Ob- 

ject is higher than Object2, and as noted later in the 

paper this will actually take place. But, suppose sen- 

tence (3) in Example 2 is replaced with the following 

s e n t e n c e :  

(3') q5 '-b Jiro we shoukaishita. 

Sub Obj2 airo Obj introduced 

(Ta, , )  i,,.t,~od,,ce~ ai,'o (to S,,b,,,'o). 

Even in this case, the interpretation of sentence 

(4) would not change 2. So, the ordering of zero- 

pronoun not being optimal, i.e. that zero-pronouns 

are more likely to become zero-pronouns again than 

overt noun phrases, would seeln to be the more log- 

ical choice. 

So, we propose that "entities that have become 

zero-pronouns are more centered in tile discourse 

than those that have been overtly expressed." There- 

fore, tile centering model has been extended to tile 

following two lists to handle entities (noun phrases) 

that appear in a sentence: 

~Althougb it should be noted tha t  it doesn ' t  seem to be ,as 

s t rongly preferred as before. 
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(1) C e n t e r  L i s t  . . .  Ent i t ies  in a s e n t e n c e  tha t  have 

becolne zero-])rOllOtlns. 

(2 )  P o s s i b l e  C e n t e r  List; • . .  Ent i t ies  in a sentence. 

t ha t  were overt ly  exl)ressed. 

2 . 2  P r o n o u n s  

In Japanese ,  bo th  overt  and elided t )ronondnal  

forms exist .  T h e  elided l)rOl,Ominal forl'Ll (zero- 

pronoun)  was discussed in the  previous subsect ion.  

In this subsect ion ,  we will show how pronouns  are 

handled  within tile p roposed  nlodel.  

ill Kanleyatnlat~s acco/lnt ,  ])ronollltS do ltot el icode 

Cbs and can only become C[~s. If overt  p ronouns  

are t r ea t ed  as ent i t ies  tha t  were overt ly expressed 

(i.e. put  in the  Possibh'. Cen te r  I,ist), the [blk)wing 

example  will not  l)e in t e rp re t ed  correct ly a. 

l'~xanq)le 2: 

(1) Taro  wa  Jiro to hatnatshiteitat. 

Taro ' l ' op /Sub  J i ro  wi th  ta lking 

"l'(Iro was lalL"~ng wilh Jiro. 

CL: .  -, 1)(211,:'l'atro > 3ire 

(2) (it [lanatko we nfikaketa. 

Sub llatnako ( )bj  saw 

(Taro)  saw llaua,(:o. 

e L :  'l 'aro, PCI, :  l l anako  

(3) ~ 3ire ni kaatojo n i tu i te  hanash i ta .  

Sub 3 i r o O b j 2  her abou t  talked 

(7 'are) lalked to Jiro abottl hcr (Ilanako).  

CL: Taro,  PCI, :  J i ro > l lauako 

(4) (l~ ¢l) Suki naatodcarl,.  

Sub Obj  like is 

('/'.,',,) li~:~.,~ (Ha,, ,~o).  

If this example  is inter l ) re ted with tit(', an teceden t  

of kanojo (her)  in sen tence  (3) in the  Possible (.:eat- 

ter List, then  tile in t e rp re t a t ion  would be 'Tatro likes 

3iro. '  [n order  to ob ta in  the preferred in te rpre ta t ion ,  

the order ing  of noun phrases  should be as follows: 

Taro > llauako > .lifo 

' l 'his example  shows tha t  pronoul ,s  are not  n(~ccs- 

sad ly  at the same level as with o ther  over t  noun 

phrases.  Ill o ther  words,  prollouns atre atl. at. level of  

a t t en t ion  higher  than  ' o rd ina ry '  noun phrases.  This  

is especial ly t rue  when consider ing tile fact tha t  pro- 

llOllIIS are used to preven[; nnl/aturathless dllc l.o re- 

dundancy,  jus t  as zero-prononi is  are used. 

a'CL' strums for Center 1,ist., alld '|)('1,' stands for Possible 
Center Lisl,. 

So,  we propose  tha t  p ronouns  be inter l )reted at 

the  same level as zero-pronouns  as follows: 

C ( m t e r  L i s t  M o d e l  

The  ent i t ies  in a sentence  llelong to one of 

tile tbllowing two lists: 

(1) C e i l t e F  L i s t  . . .  l ' ;ntities t ha t  have. 

become zeroq)ronouns  or overt  l)rc ~ 

notlns. 

(2)  P o s s i b l e  C e n t e r  L i s t  . . .  Ent i t ies  

tha t  were overt ly  expressed but  ~tre 

not  in the Cente r  List. 

Ent i t ies  ill the Cente r  l,ist are more salient 

than  those in the  l)ossihle Cente r  List, with 

tile except ion of  '[ 'opic. 

The  excep tkm will be touched  nllon in the next  sub-. 

sect ion.  

2 . 3  O r d e r i n g  b y  S a l i e n c e  

Next  comes the problenl  of order ing witl,in the  

Cente r  l,ist and the Possible Cen te r  List. in o ther  

words, the  difference in salience be tween pronouns  

(zero and ow;rt)  and ' o rd ina ry '  noun phrases  is 

shown by the Center  List and the  Possible Cente r  

last.  l, 'ntities in the Cente r  List are lnore sMient  

t han  those in the  Possible  Cente r  List. But ,  what  

abou t  t, tl<" difference ill salie.nce within each list? 

In our model ,  the order ing is as follows: 

'l 'opic > Subjec t  > Objec t  > Objec t2  > Others  

> Subjec t /Ol~jec t /Ol~jec t2  of subord ina t e  clause 

> Others  ill Sllbordill~Jt;(! clause 

The  tirst line shows tile order ing of  g rammat ica l  

funct ions of the  main  verh.  This  line is basically the 

same as l ( a m e y a m a ' s  order ing,  except  t ha t  Objec t  is 

deemed to be more  salient than  Objec t2 .  This  was 

because,  after making  some pre lhn inary  evaluat ions  

of our model ,  Objec t  was Rmnd to have at sl ightly 

higher degree of salience than  Objec t2 .  

The  following two lines are for ally ent i t ies  tha t  

atpl)car in subord ina t e  (:l~mses. ' [ 'here doesn ' t  seem 

to be at clear cut difference between the Subject ,  Ob- 

ject ,  and Obje.ct2 of subordinatte clauses, so they are 

Ilcmdled at the same level. The  difference between 

the  lnain clause and any sul)ordinate  clauses cap- 

tures  the  intui t ion tha t  ent i t ies  in the  main chmse 

are. more  s~dient than  those in subo rd ina t e  ones. 

The re  is one except ion  to the Cente r  List Model.  

It is tile salience of  the Topic  in the  Possible Cente r  
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List. As can be surmised from the term itself, tim 

'Fopie is special in tha t  the sentence contains infor- 

mat ion about  the ent i ty  corresponding to the Topic. 

In other words, the sentence is usually about  the 

3bpicalized entity. So, it was placed at. the same 

level as the Object  in the Center  List. 

3 E x p e r i m e n t  a n d  D i s c u s s i o n  

An exper iment  was done to show the effectiveness 

of the Center  las t  Model in interpret ing pronouns 

and zero-pronouns. A total  of 160 sentences from 

the following four discourses were used: 

• "Ushikata  To Yainanba" [Tsul)ota 75] (Japanese 

folklore - 70 sentences) 

• "Madogiwa No Totto-clmn" [Kuroyanagi 81] 

(Story--- 51 sentences) 

• "Yasei Doubutsu '.I'o Tomoni" (Newspaper col- 

Hllln)  

- "Baison" [Obara 91] (15 sentences) 

- "h'ie Wani" [Obara  92] (24 sentences) 

This  section will first describe the simple imple- 

nlentat ion used in the experiment.  Then,  it is eval- 

uated (Table 1), followed by a eonll,a.rison (Table 2) 

with Kameyama ' s  method.  

3 . 1  I m p l e m e n t a t i o n  

The implementa t ion is kept simple to demonst ra te  

the eft'eel of the Center  List. Semantic constraints  on 

the type of ent i ty tha t  a (zero) pronoun may refer to 

-- for example, the Subject  of ' ea t '  must  be animate  

-, and contra-index constraints  for restricting combi- 

nat ions of eoreferring entities within a sentence - for 

example, tile Subject  and Object  of 'eat.' cannot  be 

the same enti ty - are used. In addMon,  a constraint  

concerning tire subject  and identification 4 of Cbs in 

adjacent sentences is used [Kameyama 86], except it 

applies to each ent i ty in the Center  List of adjacent  

sentences as follows: 

Two zero-pronouns tha t  appear  ill the Cell- 

ter List of adjacent  sentences should share 

one of the following properties (in descend- 

ing order of pret?rence): ( l )  id'entitication 

and subject ,  (2) identification only, (3) sub- 

ject  only, (4) non-identification and n o t >  

subject.  

41(ameymna's terminology for l~mpathy [Kuno 78]. It 

shows the perspective from which an event is described. 

Of course, tire Center  List and the Possible Cen- 

ter List by themselves will not be able to handle an- 

tecedents tha t  arc not  in the previous sentence. In 

order to solve this problem, an ad hoc approach was 

taken by adding the following two lists: 

• Past Center  List . . .  Enti t ies  tha t  have previ- 

ously been a zero-pronoun or an overt pronoun, 

but  do not appear  in the current sentence. 

• Noun List . . .  Enti t ies  tha t  have never been a 

zero-pronoun or an overt pronoun. 

In order to avoid combinatorial  explosion, the enti- 

ties tha t  are held in these two lists are limited to 

those which appear  in the previous three sentences. 

Each enti ty in the four lists is assigned a score to 

show its degree of salience. In other  words, tbe score 

shows the possibility of beconfing a zero (or overt) 

pronoun in the next sentence. 

After morphological and syntact ic  analysis, the in- 

terpretat ion process is basically carried out as fol- 

lows: 

(1) Using the semantic constraints ,  possible an- 

tecedents for pronouns and zeroq)ronouns are 

found from the Center  List, Possible Center  

List, Past Center  last, and Nolln List. 

(2) Combinat ions  of possible antecedents  are made. 

(3) Contra- index constraints  are applied. 

(4) Each combination is given a score as follows: 

(4.l)  Compute  the sum of the scores tha t  each 

possible antecedent  was given. 

(4.2) Give bonus scores according to the subject  

and identification constraint .  

(5) The combination with the highest score is ch{> 

sell as the combination with the inost probable 

antecedents.  

(6) The Center  List, Possible Center  List, etc. are 

updated.  

3.2 E v a l u a t i o n  

Table 1 shows our results. Considering tile fact 

tha t  t, he Center  List Model itself handles only pro- 

no t ln s  ~tnd g e r o - p r o n o l l n s  w h o s e  ~tnteeedents are 

found one sentence back, it shows promise since a 

very simple fi'amework is enough to achieve 76% ac- 

curacy. Also, though tile number  of pronouns was 

small, tile percentage of correct in terpre ta t ions  was 
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' l 'a l) le 1: l lesulL o f  I,]va, lu ; i t ion  

All 

Ant i  

Pro 

~ ['['sulJota 75] 

(2orr(~ct/Toi,al -~ 81/t05 
(7effect % 77% 

[Kuroy:magi 81] 

49/60 
[()bar~ 91 ] 

l~/16 
8~% 

Correet/ToLal :/~l[ 
(Jorreet (,~, 

75% 

r4/9t ,t215"e ~21~ 5 
81% 81% 80% 

Io,,,t..< 9 111 AI 
9/19 i 5 i ~  

.0/:}.2 =75% 1371170 [ 81% 

7/s C<,rrod;/'i'ot~d # li 7/14 

I1 Correct  ~ 

0/1 
50% 88% o% 

6/~i 0/1 0/0 

0/7t--1'1/:1-0 ~ 0 %  47% 

~/~ ~/~ -I 100% 89% 
(Jorrect/'l'ot,;_ll # t 
CorreeL (~, o% 100% 

Al l  
Anl;1 

An t1  -t- 

P r o  

All 7,el'o--pl'OilOIlllS ~ilid OVel'l, t)rOllOii i ls 

i )ronol i l l .S ~illd zel 'o-pr() i lOl l l lS whose ; inLecedel i ts ltl'e fou l id  Olil~ ,'-;t~ll[,eiit'e t)il(:k 

Pl'OiiOlillS ~llld 7,ei'o.l)i'OliO/lliS whose ~mtecede.nts ~ll'(; f o u i i d  ill(.)l'(; t h a n  ()ill? sel i tel iCe })aek 

A l l  overL pl'OllOlll lS 

jlISL u n d e r  9 0 ~ .  T h e  i '(; l l i~li i lder of  Ltlis sli l isecl, ioi i  

w i l l  ilia, ke some ai i~dysis o f  I.he resuil,s. 

F i rs t ,  s ince l;h(; iilt, er l ) re la l , io l i  o1' :t (zero)  pro  

l iOl i l l  Iises the resuh; of  I;he prc.v ious ,¢;ell{ellC(?, <~rl'oi'- 

ehai l l in l~" lll l lSl, I;'(~ ci ieck0d for. Er ror - .ch i l i l i i l i g  oe- 

ql ie l lL  wi'oiig~ interlJreLai,  iOli. O f  1.he :1.9 iil<;()i'l'eel, i l i -  

1.0rpreta.l, ioi is, 11 (22<)/0) were due I,o I, his f~lc.l.or el 

I:her eon@ete ly  (8) or parl, ially (:t). In l, lie case of 

[Ob;ti'~t 92], live oul; of t, he ten ~;rroi's were due t.o l.his. 

Along with error-chailiing, l, here is ~dso th<; pos- 

sihility of  g(~tting the eorr(~el, iiil('.rl)r(~l,til, ion for the 

Wl'Oli~ l'eLISOll, i.e. ai l  e l ' rof  in the l i rev io i l s  ,qelll,l)ll('e 

l i i}ty c~tiise {LII iiil;el:i)l!eLitLiOll I,o l ie correct;. ,qill(:e 

t, hore w(;re 49 ineoiu'i;t;L inl .er l)rel~l l . iol is , i l l[ 4{) il~lVO 

l, his poteni, i~d. [ lowew~r,  Lliei'e wils o l i l y  o i le citric of  

it fMse posi t ive. 
T h e  s in ip l ie i t ,  y o f  OlIF i l i l l ) ]e ir ie l i i ,a l . io l i  WilS also ii 

f~teLt)r in L|le Wl'Oli~ inl, t~.rpI:OLi/.i;iOllS. \'Vlio.il ii se.lll,f'llee 

iS ~l~ COiliplt'.X .qeill;CllC(;, Lhe sul)jeei: Dilly diili~r [)etweeli 

dift~rent predicates. 

l:',x;tP.iple :l: 

<li 1 Ol i ioI ,  Lll I ,oor i l i i ,  (b7 T~iro we illit,sllkct,~l. 

S/It) think as Sill) Taro  Obj fouiid. 

As q~i lho'ughC q~? ]'outed 7h~'o. 

<l>i trod <1>2 in l",xaNlple :l lil~ty or lll~ly ilol, [)e the 
Slil l le pc'rSOll. [11 (till' s in i l ) le  i l l t l ) lei t lel lL~lLiol i  , illlil~,q,¢; 

C)lie e l  lihe coiisl;rai l iLS dCClii oLhei 'wise, s i ich ca,ses :tt'c 

hand led  as I, ho s0+Dle. I/ut,, t.his led Lo 1,/ incorrecL 

iu terprc l ,  al, ions. 

A I~w iliOFO heur i s t i c  t'ill(~s, s i ich ~ls pl ' ( ; fcrel ices for 

l)~tr~tllel inter l )rel ,~t t io l is , w o u l d  ~dso l i l tve r~tised the 

l)el'CC!lit{i.g~e o[' eOl'l'ecL ii' i l;erpreL;iLiOliS. 

As ettll ])e .q(?ell ['l'Olli Lhe low i)el;cellL~tge of  COl'l'C('l; 

iilLerl)l'el, i~l,iOllS t'or (zero) pFOlIOUlIS> the higgest ci/llSO 

Of Wroli,g ini,ert)rel,al, ions is the hl.ek o f  a g loha l  dis- 

COllrSe liieohltili.<-;lti. T h i s  was the case for l : t  wrol igj  

iii{.erl)l.eLill, ioi ls. Fl lr i ,  hel'lllOl'C, of l,he 13, seven o('- 

( : i l r red whe i i  the d iscourse was in lx~rrupted hy a sin 

g;le SOlil,eilCl~ t, ll~lt, g~tve b a c k g r o u n d  i i l fo r l i l~ l t ion.  

A i /oL l ie r  cltuse for Wl'Ollg in terpret ,~L ions w~ts d/ le 

Lo our  t i led{:[  I)eilig; I);/s(;d Oll scor ing  eoml i ina . t ions  o f  

l)Ossibh; 0.1il, ecedelit, s. T h e r e  is ~it;wlys i, he t)ossibi l  - 

ity of l i / i l l t i p le  COllil)itia, Lic)lis hltvillg Lhe hest possible 

score, l",ighi> si lei i  c~ts,;s o(:ciirl'~;d i l l  Oilr ex~tl~iiii~l, ion. 

Ai i iOl ig, / ,hose eighl; cils(!s, l, l iere were l lve cases where  

l.]le (;oH:eel, i l i i.erl)reL~t, ioi i  w~ls i t [ i iOilg {lit! Lop COll-i- 

l)i i ia~ioli,q. A l l i o n g  those f ive cases, t l l e rc  were l, wo 

cases wl ie re  the incorr~cl ,  i l i te rp r~ ; ta t io l i  wi/s ehosel i .  

F ina l l y ,  l,here wi le on l y  Olle ellse, where  il zero- 

pro l iO l l l i  d id  Dot h~tvo gre~li, er s~tlienc,; Lhltl i l t i l  eni, iLy 

l, hil.t, at) l /el t i 'ed over t l y .  T h i s  occu r red  whe i i  ~tll e l ided  

( ) l ) l ique o f  ~t sul )ord inat ,  e c lause was o rde red  as ha.v-. 

i i lg  }~;re~tLer s~/li(:n(:e l, hal~ ~l.li overL O b l i q u e  o f  ~t l i l~tii i 

clause. 

3.:~ C o m p a r i s o n  

A comparison Lq lnzt(le ill Table  2 between our 

~q~l)l'o;~ch ((JenLer last) and Ka.ineyam~'s ~tppronch 

((. 'enter), ,qinee [(O.lllcy~tl[l~'s al)pro~tch does not in- 

chide ow; r t  p ro l io l i l i s ,  t,]it.~y were excluded f ro i i l  t i le 

resulLs. A lso,  o i l l y  the  resulLs o f  ,qul) ject,  object, 
~licl Ohjec, L:~ are IlSed. For ex; l l i l t l l ( ;  , l>he ()l)li<.lue 

l/,%q 



Cb 

Ant i  

All 

Table 2: Comparisou 

II II Cb I Antl [AU II 
Center List 92% ] 78% I 71% 
Center 88% 71% 65% 

Cb-encoding zero-pronouns 

Non-Cb-encoding zero-l)ronouns whose 

antecedents are one sentence back 

All non-eL-encoding zero-pronouns 

Object in passive sentences are excluded. 

There was one case where her approach was able 

to make a correct interpretation but ours could not. 

This, however, was a false positive. 

While all other differences between the two ap- 

proaches were cases where our approach was able to 

handle the interpretation but hers could not, three 

of the cases were not clue to a legitimate superior- 

ity of our approach. In one case, an error occurred 
due to error-chaining. In mini.her, the cause was 

the exclusion of the interpretation of the Oblique- 

Object in p~ssive sentences fi'om the evaluation of 

Kameyama's  approach. The third case was the sin- 

gle false-positive tha.t occurred in the result of our 

approach, llowever, all other  (sevell) cases were ([tie 

to the salience ordering difference between the Ceu- 

ter List Model and Centering. 

Tim evaluation model was limited to a. very simple 

one so that the etfect of the Center List, i.e. the 

difference in ordering, would be apparent. Fronl tile 

comparison, the Center List Model can be said to 

order the possible antecedents more effectively than 

Kameyama's  method. 

4 C o n c l u s i o n  

In this paper, centering was extended to better 

interpret pronoulrs and zero-pronouns. It, extended 

the centering model to have two lists. The Center 

List holds entities that 'appeared'  in the sentence as 

either an overt pronoun or a zero-pronoun. The Pos- 

sible Center List holds entities that overtly appeared 

in the sentence, excluding overt pronouns. 

A very simple implementation showed that 76% 

of pronouns and zero-pronouns could be interpreted. 

'['he percentage goes up to 81% when considering 

only those whose antecedents are one sentence back. 

But, as the figures indicate, a more global frame- 

work, such as one descrihed in [Grosz 86], is needed. 
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