Relativ e Clause Co ordination and Sub ordination in Japanese Timoth y Baldwin T oky o Institute of T ec hnology tim@cs.titech.ac.jp Abstract The researc h describ ed in this pap er is a di- rect extension of Baldwin et al. (1997), whic h prop osed a declarativ e rule-based system to analyse gapping in simple Japanese relativ e clauses. Tw o shortcomings of this original framew ork are its inabilit y to handle complex relativ e clauses, and its non-deterministic na- ture in c ho osing b et w een m ultiple parses for the main v erb of the relativ e clause. Here, w e �rst prop ose t w o metho ds of scoring v erb parses to mak e the system deterministic, and then apply the most successful v erb scoring metho d in the analysis of relativ e clause sub- ordination and co ordination. 1 In tro duction A feature of Japanese relativ e clauses is their re- mark able consistency of surface structure in realis- ing an astounding v ariet y of seman tic t yp es. This has made them the target of considerable descriptiv e literature (Sato, 1989; Kanzaki, 1997; Matsumoto, 1997), but little literature exists on analytical meth- o ds to di�eren tiate their full sp ectrum of use. In this pap er, w e �rst outline the in tricacies of Japanese relativ e clauses, and the basic gapping di- c hotom y . Next, w e in tro duce the existing system as detailed in Baldwin et al. (1997), and pro vide ex- planation of its primary shortcomings. Section 4 discusses t yp es of v erb-based lexical am biguit y , and prop oses t w o metho ds of v erb scoring to rank m ul- tiple parses. In section 6, w e describ e sub ordinated gapping and prop ose a basic add-on algorithm to iden tify the clause lev el at whic h to analyse the o v er- all relativ e clause. Finally , w e describ e factors re- lated to the analysis of co ordinated relativ e clauses, including discussion of future extensions to the basic in ter-clausal metho dology in tro duced here. 2 De�nitions 2.1 A basic mo del of Japanese syn tax Case and V alency pro vide v aluable to ols in describ- ing Japanese syn tax. The predicate is tak en to b e the n ucleus of the clause, and relies on V alency to de�ne case slot compatibilit y according to the pred- icate sense and mo dalit y . This pro vides a p o w erful mec hanism to handle b oth the high lev els of zero argumen ts in Japanese and the relativ e freedom of w ord order. Case slots are made up of a �ller (\case �ller") and its adp osition case mark er, with lo cal case slot or- dering and the unmark ed surface con ten t of the case mark er indicating the Case of that slot (see �gure 1). 2.2 Relativ e clauses in Japanese Japanese relativ e clauses immediately precede the mo di�ed noun head, are generally not in ectionally mark ed 1 , and do not in v olv e relativ e pronouns. 2 (1) manzoku-sita y � uza to b e satis�ed- p ast user ‘a satis�ed user’ / ‘a user who is satis�ed’ Seman tically sp eaking, relativ e clauses can b e clas- si�ed as b eing either gapping or non-gapping. Gapping relativ e clauses Gapping relativ e clauses (suc h as (1)) con tain a unique gap for the mo di�ed head, the asso ciated case 1 In ectional marking do es o ccur with v erbal noun- t yp e main v erbs, but our researc h is curren tly restricted to the consideration of canonical v erb-based relativ e clauses. 2 The follo wing case mark er nomenclature is used in glosses: NOM = nominativ e, A CC = accusativ e, COM = comitativ e, D A T = dativ e, and QUOT = quotativ e. Deep case mark ers are indicated b y: SBJ = sub ject, DO = direct ob ject, and IO = indirect ob ject. \ � " is used to indicate zero anaphoric v erb complemen ts, and \ t x " to indicate the trace for the head.

Filler 1 -mark er 1 Filler 2 -mark er 2 � � � Predicate c ase slot 1 c ase slot 2 Figure 1: A case frame mo del of Japanese syn tax slot of whic h can b e a complemen t or adjunct. The uniqueness of the case slot gap for the head can b e illustrated with (2). (2) � / t i � / t j au hito i=j SBJ IO to meet- pres p erson a. ‘p eople who meet (her)’ OR b. ‘p eople (she) meets’ Here, the iden tit y of the gap is am biguous b et w een the sub ject and indirect ob ject case slots, but sim ul- taneous gapping from these t w o case slots cannot o ccur, pro ducing m utual exclusivit y b et w een in ter- pretations (2a) and (2b). Ev en in the case of a re- exiv e pronoun o ccup ying either case slot within the relativ e clause, the gap can b e seen to b e uniquely as- so ciated with the uninstan tiated case slot, and coref- erence as b eing pro duced indirectly through the gap rather than direct binding b y the head. One feature of gapping relativ e clauses is that whereas the gap case slot is de�ned uniquely for a giv en in terpretation, case marking information is not mark ed either as a gap trace in the relativ e clause, or as an adp osition on the head. This results in the am biguit y seen for (2) ab o v e, whic h do es not exist in the deep structure matrix clause coun terparts for the resp ectiv e in terpretations: (3) (sono-)hito-ga � au (that) p erson- nom DO to meet- pres ‘(that) p erson meets (her)’ (4) (sono-)hito-to � au (that) p erson- com SBJ to meet- pres ‘(she) meets (that) p erson’ Additionally , no distinction is made b et w een topic- t yp e instances of gapping and standard case frame- triggered adjuncts/complemen ts. 3 3 In analysing topic-gapping, w e classify the topic t yp e as b eing either the major subje ct or pur e topic , after T ateishi (1994). Refer to (Baldwin et al., 1997) for a discussion of ma jor sub ject usages in ‘indirect restrictiv e’ clauses. Non-gapping relativ e clauses Non-gapping relativ e clauses displa y iden tical sur- face syn tactic structure to gapping clauses. In this case, ho w ev er, the head is not gapp ed from within the relativ e clause, but rather is a consequence, con- dition, requisite, sim ultaneous ev en t, etc. of the mo difying clause (Matsumoto, 1997, pp 103-130), or simply restricted b y the seman tic con ten t of the relativ e clause. Examples of non-gapping relativ e clauses are: (5) � � au kikk ak e SBJ IO meet- pres c hance ‘an excuse to meet (her)’ (6) � sak ana-w o y aku k em uri SBJ �sh- a cc grill- pres smok e ‘smok e from grilling �sh’ In (5), kikk ak e is simply restricted b y its mo dify- ing relativ e clause, whereas k em uri in (6) is an in- ferrable consequence of the ev en t describ ed b y the asso ciated relativ e clause. As is indicated b y the zero pronominal complemen t case slots in b oth (5) and (6), there is syn tactic am biguit y b et w een the clauses b eing gapping and non-gapping, as a consequence of the scop e to map the resp ectiv e heads on to an unin- stan tiated case slot in the relativ e clause. In actual fact, the ellipted case slots in b oth sen tences rep- resen t references to con text/deixis-ev ok ed en tities, a fact whic h is reco v erable only from general discourse pro cessing and sortal restrictions on the v arious case slots. 3 Relativ e clause analysis In our analysis of relativ e clauses, w e apply the al- gorithm describ ed in (Baldwin et al., 1997), whic h not only outputs a description of the gapping t yp e ( gapping or non-gapping ), but also of the clause sub- t yp e within that main t yp e. In the case of gapping clauses, this equates to iden tifying the case slot from whic h gapping o ccurred, whereas for non-gapping clauses, the output corresp onds to the basic seman- tic t yp e of that clause.

Figure 2: The gapping resolution algorithm 3.1 The algorithm The algorithm is designed as a declarativ e rule set, guaran teed to pro duce a unique analysis for an ar- bitrary relativ e clause construction input and cor- resp onding v erb en try . The underlying mec hanism emplo y ed in the algorithm is to apply lo cal heuristics to a complemen t-based case frame represen tation of the v erb, com bined with a description of adjunct p o- ten tialit y describ ed through v erb classes. This com- bined v alency description of the v erb in terfaces with the in ectional con ten t of the v erb, and is com bined with a lo w-lev el seman tic analysis of the head to de- termine adjunct compatibilit y and lo cal preferences within the complemen t comp onen t of the case frame (see Figure 2). Essen tially , t yp e preferences are determined b y w a y of adjunct protot ypicalit y , and through a balance of the ‘most recen t �ller’ strategy (Sak amoto, 1995) and the ‘topic w orthiness hierar- c h y’ (Hasega w a, 1996; Kuno and Kaburaki, 1977; Kuno, 1978; Silv erstein, 1976). Despite the guaran tee of a unique output b eing re- turned for a giv en input and v erb en try , the rule set is applied to the full set of successfully parsed v erb en tries from the system dictionary , whic h results in p oten tial am biguit y b et w een analyses for distinct en- tries. Static en try t yp e preferences help to diminish this am biguit y , but b ey ond this the system has no means of fully alleviating an y remaining m ultiplic- it y of analysis, and �nal ev aluation of the original system in (Baldwin et al., 1997) is based on the ex- istence of the correct analysis within the candidate outputs pro duced b y the system. In addition, the system is based on the considera- tion of a simple matrix relativ e clause, and as suc h it is unable to analyse (a) co ordinated relativ e clauses, and (b) cases of gapping from within a sub ordinate clause. 4 V erb lexical am biguit y Pluralit y of successfully parsed en tries results from a com bination of full in ectional heteron- om y/homophon y and partial in ectional heteron- om y/homophon y of v erbs. F ull in ectional heteronom y is a direct result of the existence of m ultiple in ter-replaceable writing systems within Japanese (Shibatani, 1990, pp 125- 130), and o ccurs when t w o distinct v erb en tries co- incide in b oth conjugational t yp e and phonetic con- ten t of the v erb stem/auxiliary v erb complex. It is distinguishable from p olysem y b y virtue of the fact that disam biguation is ac hiev able through use of the k anji form of the v erb stem. An example of v erb stem-lev el full in ectional heteronom y is \ au ", for whic h three heterogeneous k anji forms pro duce the distinct en tries corresp onding to the generic glosses of ‘to meet’, ‘to coincide’ and ‘to encoun ter’. F ull in- ectional heteronom y can alternativ ely b e pro duced through com binations of auxiliary v erb morphemes, suc h that \ miau " is am biguous b et w een mi-au ‘to see- mutual ’ and miau ‘to corresp ond’. F ull in ectional homophon y is analogous to full in ectional heteronom y , except that the am biguit y exists in the k anji-based represen tation for coincid- ing conjugational t yp es. In this case, disam bigua- tion is p ossible through the k ana phonetic v ersion of the v erb in question. An example of a full in ec- tional homograph o ccurs for the v erbs tomeru ‘to stop TRANS ’ and y ameru ‘to quit/put an end to’, for whic h a common k anji corresp onds to the \ to " and \ y a " pre�xes, resp ectiv ely . P artial in ectional heteronom y , mean while, o c- curs for v erbs whic h di�er in conjugational t yp e, but agree in phonetic con ten t of the v erb stem. In this case, heteronom y of k ana represen tation is pro duced for only certain in ectional t yp es. In the case of our example of au , aru ‘to ha v e’ shares the v erb stem of a , and a heteron ym is pro duced in the simple past tense, in the form of atta . Here again, ho w ev er, k anji represen tation allo ws us to resolv e the lexical am bi- guit y . P artial in ectional homon ym y closely resem- bles partial in ectional heteronom y , except that the lexical am biguit y is pro duced in the k anji form, and resolv able through the use of k ana. One example of partial in ectional heteronom y is pro duced for the simple past tense v erbs i-tta ‘to go- p ast ’ and ok ona- tta ‘to carry out/hold- p ast ’, in that a single k anji is used to represen t b oth \ i- " and \ ok ona- ", resp ec- tiv ely . Note that in b oth of the classi�cations of par- tial in ectional corresp ondence, the degree of coin- cidence is usually highly restricted, unlik e full in- ectional heteronom y . F or the i-tta / ok ona-tta am- biguit y , for example, partial in ectional homon ym y o ccurs only in the simple past tense or for progres- siv e/p erfectiv e asp ect. 5 Resolving v erb lexical am biguit y The most immediate metho d of resolving represen- tational am biguit y is through statistical means. In this, w e tested t w o metho ds of statistical w eigh ting, the �rst based on naiv e probabilit y , and the second on represen tational preferences. F or b oth metho ds, statistical scores w ere computed only in cases where m ultiple non-idiomatic en tries 4 existed for a com- mon v erb stem. Idiomatic en tries w ere automati- cally allo cated a score of one, on the assumption that their �xed case elemen t con ten t is m utually ex- clusiv e, and that the system should prefer idiomatic en tries o v er generalised en tries. Due to the di�cult y in predicting partial in ec- tional heteronom y/homophon y of v erbs, all v erbs sharing a common stem are treated as b eing fully in- ectional heteronomic. Note ho w ev er that for most in ectional t yp es, coincidence of in ectional form do es not result. In this case, the preferred en try is the one whic h has the highest relativ e score, ig- noring the fact that the v arious scores in question ma y not total to one. In terms of the in terface b et w een statistical w eigh ting and the rule set, the rule set is applied as is for eac h parseable v erb en try , and w eigh ts are summed for eac h resultan t output. The unique sys- tem output is determined simply b y calculating the highest summed w eigh t, and randomly selecting b e- t w een m ultiple analysis t yp es of highest score. 5.1 Calculation of v erb scores The collation of frequencies is based on the EDR corpus (EDR, 1995), and the v erb sense annotations giv en for eac h v erb o ccurrence. This is the same cor- pus as w as used to extract all relativ e clause test sets describ ed in this pap er, and hence forms a closed test set. Whereas no direct reliance is made on v erb sense b y our system, the EDR corpus pro vides a means of determining lexical corresp ondences b e- t w een di�eren t v erb forms. T o return to our example of atta ab o v e, all o ccurrences of atta are attributed 4 Non-idiomatic en tries refers to ‘generalised’ en tries in (Baldwin et al., 1997). a v erb sense index, whic h corresp ond to di�eren t v erb ‘sense sets’. Con tained in these sense sets are one or more represen tational alternativ es of the v erb stem a- , detectable through the original system dic- tionary en try . While there is not guaran tee of dis- junction b et w een the alternativ e forms of atta and their resp ectiv e sense sets, in almost all cases seen in the EDR corpus, full disam biguation w as p ossible through the gran ularit y of the v erb sense index. In cases where sense am biguit y remained, the frequency of the original v erb index w as equally distributed b e- t w een p olysemous candidates. One unfortunate c haracteristic of the EDR cor- pus is the uncommonly high n um b ers of in- dex mismatc hes and ‘nil’ v erb senses (unanal- ysed/unanalyseable v erb senses). In the calculation of v erb scores, index mismatc hes w ere simply disre- garded from the data, while ‘nil’ indices w ere treated as describ ed b elo w for the separate scoring metho ds. F requencies are calculated a priori and normalised (signi�can t to three �gures) to pro duce the proba- bilit y of o ccurrence of that form of the giv en stem v erb. Naiv e probabilit y of o ccurrence The naiv e probabilit y of o ccurrence ( NPO ) of lex- ical form a of v erb en try f (represen ted as a f ) is computed simply b y totalling the n um b er of usages of v erb senses corresp onding to a f , and normalis- ing o v er the total o ccurrences of a . Smo othing is ac hiev ed b y ev enly distributing ‘nil’ o ccurrences for a b et w een en tries a i , where the total n um b er of dis- tinct en tries a i is represen ted as j a j in equation (1). Th us, high lev els of ‘nil’ o ccurrences will pro duce roughly standardised probabilities for all en tries a i , whereas lo w er lev els of ‘nil’ o ccurrences will lead to nearer corresp ondence b et w een relativ e frequency and normalised probabilit y . This is in tended to re- ect the assumption that ‘nil’ senses suggest inher- en t am biguit y , and that higher lev els of ‘nil’ v alues indicate lo w er con�dence on the part of the EDR dev elop ers in annotating usages of a . N P O ( a f ) = f r eq ( a ni l ) j a j + f r eq ( a f ) P i f r eq ( a i ) (1) Normalised represen tational preference The represen tational preference ( RP ) of lexical form a of v erb en try f (i.e. a f ) is de�ned as the con�dence with whic h w e can predict that a will b e used to rep- resen t f , with the mean con�dence predicted as 1. Smo othing is carried out through a double appli- cation of Je�rey’s estimate (Go o d, 1965), that is b y adding one to b oth the n umerator and denominator. In this w a y , lo w-frequency v erb en tries and lexical forms can b e smo othed to a v alue near the mean con- �dence of one (or to exactly one for zero-frequency en tries), but at the same time high-frequency items are relativ ely una�ected. Additionally , instances of zero denominators are a v oided, and the con�dence is guaran teed to b e strictly greater than zero. Occurrences of the ‘nil’ index are not included in the RP calculation, suc h that en tries found only with the ‘nil’ index return a represen tational pref- erence of one. R P ( a f ) = 1+ f r eq ( a f ) 1+ P i 6 = a f r eq ( i f ) (2) This is normalised o v er the represen tational prefer- ence for all source en tries a i , to pro duce the nor- malised represen tational preference N RP ( a f ). N R P ( a f ) = R P ( a f ) P i RP ( a i ) (3) 5.2 Complexit y of in ectional con ten t The only represen tational am biguit y not co v ered b y these t w o scoring systems is instances where in- ectional morphemes ha v e pro duced an am biguit y whic h w as not predictable from the stem v erb (see the example of miau in section 4). This shortcom- ing is resolv ed b y in tro ducing the concept of ‘com- plexit y of in ectional con ten t’ ( CIC ), in whic h w e p enalise higher n um b ers of comp onen t in ectional morphemes. The p enalt y is computed in situ based on the n um b er of in ectional morphemes con tained in the v erb, relativ e to the parse of simplest in ec- tional con ten t ( min in ); the simplest parse receiv es a complexit y of one. Th us, in the case of \ miau ", mia-u ‘to corresp ond- pres ’ has a complexit y of one, and mi-a-u ‘to see- mutual-pres ’ has a complexit y of t w o. W eigh ting is ac hiev ed through the use of the constan t parameter � . That is, the relativ e con- tribution of CIC can b e enhanced b y increasing � , hence exp onen tially increasing the v alue of the de- nominator and reducing the o v erall v erb score ( VS ). A t the same time, the parse of simplest in ectional con ten t receiv es a complexit y of one, and its VS is hence una�ected b y v ariation in the v alue of � . Complexit y of in ectional con ten t is compatible with b oth metho ds of statistical w eigh ting giv en ab o v e, suc h that the VS for lexical form a of en- try f (i.e. a f ) using statistical w eigh ting measure S W is computed b y: V S ( a f ) = S W ( a f ) ( C I C ( a f ) � min in f l +1) � (4) 5.3 Ev aluation of v erb scoring Preliminary ev aluation w as carried out to determine the relativ e e�ectiv eness of the naiv e probabilit y of o ccurrence (NPO) and normalised represen tational Ov erall Gapping (4411) (3650) Baseline 84.6% 90.8% NPO ( � = 1) 86.0% 92.3% NPO ( � = 10) 86.0% 92.3% NRP ( � = 0) 85.9% 92.1% NRP ( � = 1) 85.8% 92.2% NRP ( � = 10) 85.9% 92.2% Optimal 88.4% 94.5% T able 1: Results for the v erb scoring metho ds preference (NRP) metho ds, and con tribution of CIC. The test sets used for this purp ose w ere the full set of annotated relativ e clauses used in dev eloping the system, and the subset of gapping relativ e clauses. The sizes of the t w o test sets are indicated in brac k- ets b elo w eac h heading. The baseline metho d for ev aluation purp oses sim- ply selects the en try of highest probabilit y when m ul- tiple parses are pro duced, whic h equates to utilising the naiv e probabilit y metho d in computing the v erb score, with � set to zero. The optimal ac hiev able result for the system is determined b y testing for mem b ership of the correct analysis in the full set of analysis t yp es pro duced for all successful parses. Giv en that v erb scores simply rank these candidates, it is imp ossible for the other metho ds to b etter this non-deterministic metho d. T able 1 lists the comparativ e results for the v ari- ous metho ds, including ev aluation of v arying v alues of � for b oth the NPO and NRP metho ds. The 1.4% p oin t di�erence b et w een the o v erall accuracy for the baseline metho d and that for the NPO metho d with v arious v alues of � is a direct indication of the e�ects of w eigh ting according to in ectional complexit y , al- though the ine�ectiv eness of an increased � v alue is unexp ected. Lik ewise for the NRP metho d, whereas results are signi�can tly higher than those for the baseline metho d, altering � pro duced only minor impro v e- men t. Indeed, p erformance with � set to zero (i.e. without consideration of CIC) marginally outp er- formed NRP with � set to one, although the sta- tistical signi�cance of this di�erence is questionable. This w ould tend to suggest that there is some in- terference in the c hoice of represen tational form of the v erb stem giv en complex in ection, a fact whic h w as b orne out on summary insp ection of the data. That is, the k anji form of the v erb stem is generally utilised if auxiliary v erbs are also giv en in a k anji rep- resen tation, and full hiragana represen tation is gen-

(7) ( t i 100-ton-izy� o aru ) to mi-rare-ru zaik o i SBJ o v er 100 tonnes to b e- pres quot consider- p ass-pres sto c k ‘sto c k considered to b e o v er 100 tonnes (in quan tit y)’ (8) ( t i zik en-ni k an y osi-ta ) to nihon-ga mite-i-ru kuni i SBJ inciden t- d a t con tribute -p ast quot Japan- nom consider -pr og-pres coun try ‘coun tries whic h Japan considers to ha v e con tributed to the inciden t’ Figure 3: Sub ordinate gapping clause examples IF (indirect quotational main verb) IF (passive or potential main verb OR superordinate subject position instantiated) Mark any subordinate gap incompatibilities based on superordinate case content IF (gapping resolution of the subordinate clause identifies a gap � ) RETURN SUB- � ELSE RETURN NON GAPPING ELSE mark any superordinate gap incompatibilities based on subordinate case content Figure 4: The sub ordinate gapping resolution sub-algorithm erally reserv ed for simple in ection uses, suc h that a hiragana o ccurrence of \miau" w ould tend to p oin t to the simple in ectional ‘mia-u’ stem (see section 4). P erhaps more noticeable, ho w ev er, is that the NPO metho d sligh tly outp erforms NRP , whic h w ould tend to suggest that represen tational prefer- ence in isolation is out w eighed b y the brute force of lik eliho o d of sense. Based on these results, w e adopt the NPO metho d for the remainder of this pap er, with � set to one. 6 Sub ordinate clause gapping One imp ortan t quali�cation whic h m ust b e made to our de�nition of ‘gapping’ in the con text of Japanese relativ e clauses is that the gapping can o ccur across a ‘bridging’ clause. Bridging clauses are de�ned as con taining a suitably mark ed sub ordinate clause from whic h gapping has o ccurred, and b eing headed b y a main v erb whic h supp orts the gapping pro cess. Mem b ers of this w ell-de�ned class of bridging v erbs are termed ‘indirect quotational’, and rely on the sub ordinate clause b eing mark ed with the ‘quota- tiv e’ case mark er ( to - see sen tences (7) and (8) in Figure 3). Examples of indirect quotational v erbs are iu ‘to sa y’, omou ‘to think’ and tutaeru ‘to re- p ort’. In order for sub ordinate gapping to o ccur, the main v erb in the sup erordinate relativ e clause m ust b e p oten tial or passiv e, or alternativ ely the sup eror- dinate relativ e clause m ust con tain a surface rep- resen tation of the clause sub ject. If these in ec- tional/syn tactic requiremen ts are met, gapping res- olution tak es place at the sub ordinate clause lev el, based on the case frame and in ectional con ten t of its main v erb. In terestingly , the same scop e of gap t yp es exists at the sub ordinate lev el as at the ma- trix relativ e clause lev el. W e can th us reuse our original resolution algorithm, excepting that sub or- dinate gapping can only o ccur across a single ‘bridg- ing clause’ and hence recursion m ust b e limited to a depth of one. If a gap is detected within the sub ordinate clause, the system returns not only the deep case iden tit y of the case slot, but the fact that the gap is sub- ordinate rather than sup erordinate. In the instance that the sub ordinate clause is analysed as b eing non- gapping, the system treats the full relativ e clause as b eing non-gapping. The justi�cation b ehind this analysis is that in ectional constrain ts simply stip- ulate the p oten tial source of the gap (sub ordinate and sup erordinate) for indirect quotational v erbs, without an y guaran tee of the relativ e clause b eing gapping. Additionally , in the case of non-gapping

(9) ( pasuk aru-ga t i k� oan-si, ) � t i seisaku-si-ta k eisan-kik ai i P ascal- nom DO design- ren SBJ DO mak e- p ast computing device ‘a computing device designed and pro duced b y P ascal’ (10) ( t i arubait� o-w o si-nagara ) t i gakk� o-ni k a y o-u gakusei i SBJ part-time w ork- a cc to do- while SBJ sc ho ol- d a t attend- pres studen t ‘studen ts who w ork part-time while at sc ho ol’ (11) ( ( t i i-na-i ) to mi-rare ) t i renraku-sare-na-k atta hito i SBJ to b e- neg-pres quot consider- p ass-ren SBJ to con tact- p ass-neg-p ast p erson ‘a p erson who w as assumed not to b e in and (hence) not con tacted’ (12) ( k ank eisy a-w o nozo-ki ) t i p� ati-ni syussekisi-ta nins � u i organiser- a cc exclude- ren SBJ part y- d a t attend- p ast n um b er of p eople ‘the n um b er of p eople who attended the part y , excluding organisers’ (13) y oru ( � t� oky� ow an-w o w atari-nagara ) � t i mi-ru rein b� oburizzi i nigh t SBJ T oky o Ba y- a cr oss to cross- while SBJ DO to see- pres Rain b o w Bridge ‘Rain b o w Bridge as seen at nigh t while crossing T oky o Ba y’ Figure 5: Co ordinated relativ e clause examples relativ e clauses, the head is ‘indirectly asso ciated with the total ev en t describ ed b y the relativ e clause’ (Kamey ama, 1995, p 168 { m y emphasis), mak- ing the sub ordinate/sup erordinate distinction irrel- ev an t. In the case of a passiv e main v erb, the sup er- ordinate and sub ordinate clause sub ject p ositions b ecome coindexed (see (7)), whereas for other in- stances of sub ordinate gapping, the sub ordinate sub- ject b ecomes coreferen t in con ten t with the sup eror- dinate direct ob ject. While recognising that this su- p er�cially con tradicts our stipulation that gapping o ccurs from a unique case slot in a giv en in terpreta- tion, w e consider the co-indexed case slots to ha v e b een merged in to one, and analyse the gap as exist- ing in the sub ordinate clause. Indeed, the only con- sideration of the corresp onding sup erordinate case slots comes in c hec king for zero con ten t during gap- ping resolution, and con v ersely , for stipulating lo cal gapping incompatibilit y in the sup erordinate clause when instan tiation of the sub ordinate-lev el sub ject is detected. The ab o v e resolution pro cess for indirect quota- tional v erbs can b e summarised b y the algorithm giv en in Figure 4. Ov erall Gapping (51) (45) Original 49.0% 54.3% Revised 90.2% 97.9% T able 2: Results of sub ordinate gapping analysis 6.1 Ev aluation of sub ordinate gapping Basic ev aluation of the ab o v e metho d w as carried out on a set of 51 relativ e clauses con taining an in- direct quotational main v erb. As with ev aluation of v erb scoring, the algorithm w as further tested on the comp onen t subset of gapping relativ e clauses, with successful gap detection requiring correct iden- ti�cation of the lev el of em b edding of the gap. This deriv ativ e test set of 45 gapping relativ e clauses in- cluded 16 sub or dinate gapping clauses. The original algorithm w as ev aluated on the same data sets to allo w for direct comparison of the metho ds. Results are giv en in T able 2. It is p erhaps unrealistic to directly compare the results of the t w o algorithms for gapping clauses, in that the original algorithm is incapable of correctly analysing the 16 gapping sub ordinate-t yp e clauses.

Ha ving said this, the degree to whic h the sub ordi- nate gapping sub-algorithm outp erformed the origi- nal algorithm go es b ey ond the scop e of these 16 ex- amples, most imp ortan tly as a result of gap incom- patibilit y judgemen ts realised through the revised sub-algorithm. P erhaps more imp ortan t, ho w ev er, is that the sub ordinate gapping sub-algorithm re- turned higher �gures than the o v erall a v erages cal- culated during ev aluation of v erb scoring (see T able 1). 7 Relativ e clause co ordination As w as seen in the discussion of sub ordinate gap- ping, one dra wbac k of the original algorithm is its inabilit y to handle the clause-lev el structure of rela- tiv e clauses, a fact whic h leads to the loss of v aluable syn tactic restrictional information as to the clause t yp e. This section is dev oted to consideration of the further expansion of in ter-clausal pro cessing, and its exp ected b ene�ts. 7.1 Clause co ordination Clause co ordination in Japanese is indicated b y the use of a co ordinating conjunction of the t yp e nagara , te , tutu and si , or through r en ’y� o t yp e in ection (ak a. c ontinuative (Kuno, 1973)). Of these, (Kuno, 1973) observ es that si and r en ’y� o m ust b e sub ject coreferen tial, and (Y oshimoto, 1986) and (Minami, 1974) note that all co ordinating connectiv es tend to coincide in sub ject or ob ject con ten t. In terms of relativ e clause analysis, w e wish to suggest (14) as a corollary of the m utual exclusivit y of the gapping paradigm: (14) All co ordinated and sub ordinated clauses in a single relativ e clause m ust agree in gapping t yp e. That is, it is not p ossible to ha v e a relativ e clause comprised of b oth gapping and non-gapping clause comp onen ts. Additionally , w e extend the ab o v e ob- serv ations to h yp othesise that: (15) F or seman tically co ordinated gapping relativ e clauses, the comp onen t clauses m ust agree in clause sub-t yp e (i.e. gap iden tit y). 5 By seman tic co ordination, w e wish to distance our- selv es from p eripheral sub ordinating usages of na- gara and tutu (in whic h the nagara / tutu su�x is in terc hangeable with nagaramo in the con trastiv e sense and toki in the manner sense) and non-additiv e 5 Note that this coincidence of gap do es not apply to indirect restrictiv e clauses. usages of te (Hasega w a, 1996, p 6). Note that as w as the case for sub ordinate gapping, the scop e of gapping is unrestricted b et w een complemen t and ad- junct case slots, and includes, in this case, sub ordi- nate gaps. 7.2 Pro cessing of clause co ordination By w a y of accepting h yp othesis (15) on gap t yp e cor- resp ondence, w e are able to extend our algorithm to consider case slot inc omp atibilities , in addition to the existing framew ork of case slot c omp atibil- ity determination. Case slot incompatibilities stem from t w o sources: (i) directly from the con ten t of the complemen t case frame, and (ii) from case slot instan tiation. Giv en a to ol set of complemen t case t yp es, it is p ossible to determine inheren t case in- compatibilities directly from the case frame of the v erb in question through a simple matc hing mec h- anism. This is com bined with an analysis of those case slots instan tiated in the input, and hence in- compatible with that gap through the ‘one-case-p er- clause’ constrain t (Fillmore, 1968, p 22). 6 Giv en that w e can exp ect m ultiplicit y of analysis t yp e due to m ultiple parses, w e tak e the in tersection of gap incompatibilities for eac h analysis t yp e, and return the resultan t set of incompatibilities for the high- est scoring analysis t yp e. On the in ter-clausal lev el, the union is tak en of the individual incompatibilit y set for eac h comp onen t clause, in determining the o v erall incompatibilit y set. Determination of the unique o v erall analysis for the relativ e clause is facilitated through the same pro cess as at the single clause lev el, in that the w eigh ted outputs for eac h mem b er clause are summed, and a �nal sorted list of analysis t yp es determined. Ho w ev er, this is no w com bined with the incompatibilit y set to w eed out incompatible case t yp es, and the highest scoring compatible clause analysis is outputted. In the case that all analysis t yp es are judged to b e case incompatible, the o v erall clause is assumed to b e non-gapping. 7.3 Gap corresp ondences Co ordination of canonical gapping and sub ordinated gapping clauses leads to an in teresting e�ect, in that in ter-clausal agreemen t o ccurs in terms of the gap t yp e, but not as to the clause lev el from whic h gap- ping has o ccurred (see (11)). It is for this reason that our h yp othesis stipulates agreemen t in clause sub-t yp e , but mak es no men tion of clause lev el . Note that if w e had c hosen to lab el sub ordinated 6 Note that application of the one-case-p er-clause con- strain t is restricted to complemen t case slots.

Ov erall Gapping (181) (104) Original 66.9% 87.7% Revised 74.6% 91.2% T able 3: Results of co ordinated clause analysis gaps according to their gap t yp e in the sup erordi- nate clause, coincidence of gap t yp e w ould not o ccur for non-passiv e sub ordinated gapping clauses. Tw o v erb t yp es whic h do not con tribute to the clause sub-t yp e, and are hence disregarded dur- ing the resolution pro cess, are the excluding and including t yp es. These restrict/exemplify the set mem b ership of the o v erall situation describ ed b y the relativ e clause construction, b y iden tifying ex- cluded/included elemen ts. As suc h, excluding and including clauses are clause mo difying construc- tions, accoun ting for their treatmen t as sub ordi- nated clauses and a v oiding an y inconsistency with h yp othesis (15). Considering (12), in whic h the �rst clause is of the excluding t yp e, the main clause is essen tially treated as a single unco ordinated clause, and the sub ject gapping sub-t yp e can b e reco v ered. One fact whic h is clear from the original descrip- tion of conjunction t yp es is that p eripheral sub or- dinating usages exist for all conjunctions except the ren’y� o form, suggesting di�cult y in correctly pre- dicting the t yp e of clause dep endency in a giv en clause prior to b eing able to apply the restrictions prop osed in section 7.2. While this is certainly the case for te clauses, complemen t analysis-based heuristics w ere found to b e pro ductiv e in correctly analysing nagara and tutu clauses. These heuristics consist of analysing the complemen t con ten t of the co ordinated clause to determine if all non-sub ject complemen t case slots are instan tiated. If full in- stan tiation is detected, the unit clause in question is momen tarily remo v ed from the resolution pro cess. If analysis of the remaining clause con ten t of that rel- ativ e clause returns a non-sub ject case slot analysis, the original nagara or tutu clause m ust ha v e b een sub ordinated, whereas if a sub ject case slot analy- sis is pro duced, the original clause m ust ha v e b een co ordinated (as an extension of (Kuno, 1973)). In this second case, the sub ject gap extends to the na- gara or tutu clause. This pro cess can b e seen to correctly iden tify the sub ordinated nagara clause in (13), with the direct ob ject gap existing only in the main clause. 7.4 Ev aluation of clause co ordination The basic metho d outlined ab o v e w as tested on a set of 181 relativ e clauses con taining m ultiple clause instances mark ed with the nagara , si and tutu con- junctions, or and ren’y� o in ection. As a means of comparison, the original algorithm w as used to anal- yse the same test set, and accuracy on gapping rel- ativ e clauses con tained in the original test set w as calculated. The results for the ev aluation are giv en in T able 3. Clearly , the revised metho d of handling in ter- clausal dep endency outp erforms the original algo- rithm, although the disparit y b et w een the resp ec- tiv e results is p erhaps not as mark ed as could ha v e b een exp ected. One of the main sources of error w as that coindexed zero sub jects tended to b e mis- tak en as sub ject gaps, whic h accoun ted for around 75% of the errors in b oth cases. P erhaps more im- p ortan t, though, is the fact that h yp othesis (15) w as upheld for all observ ed relativ e clause instances, and that the heuristic for distinguishing b et w een co ordi- nated and sub ordinated relativ e clauses w ork ed suc- cessfully on all applications. 7.5 The treatmen t of sub ordinate clauses A preliminary study of the relativ e clause corpus pro duced for the system suggested that around 6{ 7% of all relativ e clauses in v olv e clause co ordination, p oin ting to the signi�cance of the ab o v e metho d of analysing co ordinate clause complexes. Rela- tiv e clauses con taining sub ordinate clauses (exclud- ing cases of sub ordinate gapping), ho w ev er, seem to accoun t for a m uc h higher prop ortion, at around 20% of all relativ e clauses. While the clause sub- t yp e h yp othesis prop osed ab o v e do es not apply to sub ordinated relativ e clause constructions, the more general suggestion of coincidence of clause t yp e (gap- ping vs. non-gapping) is suggested to apply to all relativ e clauses. As is eviden t in all lev els of ev al- uation, the accuracy of the system for non-gapping clauses is signi�can tly lo w er than that for gapping clauses, and the application of this basic restriction presen ts itself as a p ossible to ol in enhancing reso- lution of the clause t yp e. In terms of iden tifying gap v ariation b et w een sub- ordinate and sup erordinate clauses, (Okum ura and T am ura, 1996, p 874) suggest that ‘sub ject switc h- ing’ o ccurs giv en a surface sub ject in either the sub- ordinate or sup erordinate clause, although they go on to suggest that v ariations in gap t yp e are largely con text dep enden t and not predictable simply from lo cal constrain ts. The application of their prop osed heuristic, and further analysis of the gap switc hing mec hanism, ho w ev er, remain as outstanding issues in the system dev elopmen t. 8 Conclusions W e ha v e prop osed t w o v erb scoring metho ds, biased according to in ectional simplicit y , to mak e our sys- tem deterministic in output. The �rst of the t w o v erb scoring metho ds, based on simple frequency of o ccurrence, pro v ed to b e sligh tly more e�ectiv e, and comparativ e in p erformance with the original non- deterministic ev aluation metho d. More imp ortan tly , p erhaps, w e in tro duced the no- tion of sub ordinate gapping, and prop osed an add- on algorithm whic h enables the original algorithm to successfully analyse this gapping t yp e. This in- creased the o v erall accuracy of the algorithm on p o- ten tially sub ordinate gapping clauses from 49.0% to 90.2%. W e then w en t on to h yp othesise that the clause gapping t yp e m ust b e unique across co or- dinated clauses within a relativ e clause, and com- bined this with analysis of sub ordinate gapping to increase the resolution accuracy for co ordinated rel- ativ e clauses from 66.9% to 74.6%. Ac kno wledgemen ts I w ould lik e to thank Hozumi T anak a (TIT ec h) and T ak enobu T okunaga (TIT ec h) for their sup ervision in preparing this pap er, and F rancis Bond (NTT) for his c haracteristically insigh tful commen ts. Ad- ditionally , A tushi F ujii (TIT ec h) pro vided v aluable feedbac k on the e�ectivit y and ev aluation of the scoring metho d. References T. Baldwin, T. T okunaga, and H. T anak a. 1997. Se- man tic v erb classes in the analysis of head gapping in Japanese relativ e clauses. In Pr o c e e dings of the 4th Natur al L anguage Pr o c essing Paci�c R im Symp osium 1997 (NLPRS’97) , pages 409{14. EDR, 1995. EDR Ele ctr onic Dictionary T e chnic al Guide . Japan Electronic Dictionary Researc h In- stitute, Ltd. (In Japanese). C.J. Fillmore. 1968. The case for case. In E. Bac h and R.T. Harms, editors, Universals in linguistic the ory , pages 1{88. New Y ork: Holt, Rinehart and Winston. I.J. Go o d. 1965. The Estimation of Pr ob abilities . MIT Press, Cam bridge MA. Y. Hasega w a. 1996. A Study of Jap anese Clause Linkage . CSLI. M. Kamey ama. 1995. The syn tax and seman tics of the Japanese Language Engine. In Jap anese Sentenc e Pr o c essing (Mazuk a and Nagai, 1995), pages 153{76. K. Kanzaki. 1997. Lexical seman tic relations b et w een adnominal constituen ts and their head nouns. Mathematic al Linguistics , 21(2):53{68. (In Japanese). S. Kuno and E. Kaburaki. 1977. Empath y and syn- tax. Linguistic Inquiry , 8(4):627{72. S. Kuno. 1973. The Structur e of the Jap anese L an- guage . MIT Press, Cam bridge MA. S. Kuno. 1978. Danwa no Bunp� o . T oky o: T aish uk an. (In Japanese). Y. Matsumoto. 1997. Noun Mo difying Construc- tions in Jap anese . John Benjamins. R. Mazuk a and N. Nagai. 1995. Jap anese Sentenc e Pr o c essing . La wrence Erlbaum Asso ciates. F. Minami. 1974. Gendai Nihongo no K� oz� o . T aish uk an. M. Okum ura and K. T am ura. 1996. Zero pronoun resolution in Japanese discourse based on cen ter- ing theory . In Pr o c e e dings of the 16th Interna- tional Confer enc e on Computational Linguistics (COLING ’96) , pages 871{6. T. Sak amoto. 1995. T ransparency b et w een parser and grammar: On the pro ceessing of empt y sub- jects in Japanese. In Jap anese Sentenc e Pr o c ess- ing (Mazuk a and Nagai, 1995), pages 275{94. R. Sato. 1989. R ese ar ch r elating to the seman- tic analysis of Jap anese attributive clauses . Mas- ter’s thesis, T oky o Institute of T ec hnology . (In Japanese). M. Shibatani. 1990. The L anguages of Jap an . CUP . M. Silv erstein. 1976. Hierarc h y of features and erga- tivit y . In R.M.W. Dixon, editor, Gr ammatic al Cate gories in A ustr alian L anguages , pages 112{ 71. Humanities Press. K. T ateishi. 1994. The Syntax of ‘Subje cts’ . CSLI. K. Y oshimoto. 1986. Study of Japanese zero pro- nouns in discourse pro cessing. In IPSJ SIG Notes , v olume 86, no. 52. (In Japanese).