DETECTING THE OR GANIZA TION OF SEMANTIC SUBCLASSES OF JAP ANESE VERBS Akira Oishi Y uji Matsumoto Graduate Sc ho ol of Information Science Nara Institute of Science and T ec hnology 8916-5 T ak a y ama, Ikoma, Nara 630-01 Japan f ryo-o,matsu g @is.aist-nara.ac.jp Summary This pap er describ es an approac h to detect the organization of seman tic sub classes of Japanese v erbs. First, w e classify verbs along t w o dimensions: thematic and as- p ectual. In the thematic dimension, w e exploit the pattern of case marking particles whic h are attac hed to argumen ts of v erbs. In the asp ectual dimension, w e exploit the classi�cation of adv erbs whic h mo dify v erbs in a corpus. By combining the results of t w o classi�cations, w e obtain an elab orate classi�cation of v erbs. W e can incorp orate the protot ypicalit y of the mem b ers whic h constitute eac h semantic sub class b y taking accoun t of the frequency of case particles patterns and co o ccurring adv erbs. Moreo v er, the existence of close relationships among them enable us to detect the organization of these sub classes. Keyw ords: Japanese v erbs, seman tic sub class, t w o-dimensional, case marking particles, adv erbs, prototypicalit y

1. INTR ODUCTION A Chinese prov erb sa ys, ‘ it is b orn without a r ep ort and dies without a funer al .’ What do es this mean? What is the referent of the sub ject it ? The answ er is a Chinese c haracter. Since Chinese c haracters are ideogram and roughly corresp ond to morpheme, the true sense of this pro v erb amoun ts to language creativities. Language creativities, i.e. the abilities to coin new w ords and to use some kno wn w ords �gu- rativ ely , bring ab out gaps in a lexicon and cause a b ottlenec k when one tries to scale up existing natural language pro cessing (NLP) systems. This motiv ates a (semi-)automatic acquisition of lexi- cal information for NLP systems from mac hine-readable resources such as dictionaries and corp ora (Zernik, 1991). F urthermore, in order to construct a more complete lexicon, it is necessary to con- sider w a ys in whic h relev an t lexical information can b e iden ti�ed and represen ted. The ob jective of this pap er is to detect the organization of seman tic classes of Japanese verbs on the basis of syn tac- tic realizations of corpus data. By carefully classifying the v erbs, w e can determine many syn tactic prop erties of a new verb, giv en its meaning (or seman tic class membership) (Levin, 1993; Levin and Rappap ort, 1995). The next section brie y describ es some of the issues ab out the syntactic-seman tic interface and linguistic categories. The third section describ es the classi�cation metho d of verbs. The classi�- cation is carried out along t w o dimensions: thematic and asp ectual. In the thematic dimension, w e exploit the pattern of case marking particles which are attached to argumen ts of v erbs. In the asp ectual dimension, w e exploit the classi�cation of adv erbs whic h mo dify v erbs in a corpus. By com bining the results of t w o classi�cations, w e can obtain a more elab orate classi�cation of v erbs. The second half of this pap er presents the result of the classi�cation. W e adopt Lexical Con- ceptual Structure(LCS) developed b y Jac k endo� to represen t the core meaning of eac h sub class of v erbs (Jac k endo�, 1990). Thematic roles are de�nable in terms of the p osition of the participan ts of the ev en t in LCSs. Moreo v er, certain parts of LCSs are explicitly asp ectual; the distinction b et w een EVENT and ST A TE, for example. At the same time, w e can detect the organization of seman tic sub classes b y considering the relationships among them. The obtained organization will b e sho wn diagrammatically at the end of this pap er. 2. THE SYNT A CTIC-SEMANTIC INTERF A CE W ork on argument structures in con temp orary linguistics treats them as an in terface b etw een lexical semantics and sen ten tial syn tax. Syn tactic argumen t structures are pro jections (via linking rules) of a verb’s seman tic structure. An even t cannot b e conceptualized without making some kind of mental reference to its participan ts. If these participan ts are absen t altogether the meaning of the v erb is incoherent. Th us, the argumen ts of a verb are salien t facets of its semantic structure. In the last ten y ears, argument structure represen tations ha v e b ecome increasingly sophisticated. F or instance, Grimshaw prop oses the \t w o-dimensional" theory on argumen t realization (Grimshaw, 1990). She p oin ts out that an argument structure has in ternal organization, which is not stipulated for eac h predicate but is pro jected from lexical seman tic represen tation along t w o separate dimen- sions: one in terms of thematic prop erties and one in terms of asp ectual prop erties. This separation seems to corresp ond to the t w o of four lev els of represen tation in Pustejovsky’s Generativ e Lexicon framew ork (Pustejo vsky , 1991), i.e. \Argumen t structure" and \Ev en t structure". In addition, there are regularities as to the com bination of sen tence constructions in which a v erb can participate. F or example, Pink er in tro duces an interesting h yp othesis dev elop ed b y Landau and Gleitman, although he do esn’t fully accept this hypothesis (Pink er, 1989). He writes (pp.260-261): An ev en more sp eci�c form of syntax-guided learning of verb meaning has b een sug- 1 gested b y Barbara Landau and Lila Gleitman. ... they suggest that children rely on a particularly rich form of verb meaning. This kind of inference, whic h they later call \Syn tactic Bo otstrapping", has the c hild examining an entir e set of v erb entries sharing the same stem, ... They give an example of how a c hild might learn the meaning of se e using nothing but linguistic input. The stem se e , unlik e touch , tak es sen ten tial com- plemen ts, suggesting that it is a cognitiv e/p erceptual v erb. It tak es directional phrases (e.g., to se e fr om the r o om ), suggesting that it has an abstract motion comp onen t. But in comparison with lo ok , it do es not app ear in the imp erative, showing that it is stativ e. Nor do es it app ear in the pseudo-cleft *What John did was se e Bil l or with purp osive to adjuncts, whic h sho ws that it is nonagen tiv e. T ak en together, these inferences strongly constrain what the v erb se e could mean. Th us, the syn tactic formats for a verb pro vide crucial cues to its meanings and w e can narro w do wn the p ossible meaning of a verb b y observing its syn tactic realizations. On the other hand, cognitive linguists ha v e p ointed out that m uc h in language is a matter of degree (Lak o�, 1987; Langac k er, 1987; Langack er, 1991). Linguistic relationships are not in v ariably all-or-nothing a�airs, nor are linguistic categories alw a ys sharply de�ned and nev er fuzzy around the edges. A simple plus/min us v alue or yes/no answ er is not alw a ys su�cient in sp ecifying whether a w ord has a certain prop erty , b elongs to a particular category , or participates in a given relationship. These conditions are often matter of degree, and w e m ust devise some means of accommo dating the complete range of p ossibilities. As men tioned in the in tro duction, w e will pro vide LCS represen tation for eac h sub class of verbs. It is an abstract characterization that is fully compatible with all the members of the sub class it de�nes (so mem b ership is not a matter of degree). How ev er, there exist protot ypical mem b ers and marginal members of each sub class; there are degrees of membership based on their p erceived resem blance to the protot yp e. Moreo v er, eac h sub class has fuzzy edge and might ev en merge in to eac h other. Therefore, w e m ust incorp orate the prototypicalit y of the mem b ers which constitute eac h seman tic sub class, and clarify the relationships among them. 3. CLASSIFICA TION PR OCESSES In this section, w e describ e the classi�cation pro cesses of v erbs along t w o dimensions: thematic and asp ectual. W e use the EDR Japanese Co o ccurrence Dictionary (EDR, 1995) as material to extract syn tactic clues in b oth pro cesses. The EDR Co o ccurrence Dictionary comprises surface co o ccurring items from the EDR corpus. Each co o ccurring item consists of a gov erning w ord, a dep enden t w ord, the relator b et w een the w ords, and supplemen tary co o ccurrence item information whic h consists of the frequency of the item in the corpus and examples. An example of this item is shown in T able 1. 3.1. Thematic dimension There are t w o t yp es of languages in the w orld. In languages suc h as English (so-called \�xed w ord-order" languages), the order of w ords in sen tences is tightly constrained and the p osition of eac h noun phrase determines their roles in the even t, lik e A do g bites a man and A man bites a do g . In man y other languages suc h as Japanese (so-called \free w ord-order" languages), there are more options as to w ord order. Instead of phrase order, Japanese expresses who did what to whom b y mo difying nouns with case marking particles ( kakujoshi , hereafter called \case particle"), like Inu-ga(NOM) hito-wo(A CC) kamu \A do g bites a man " and Hito-ga(NOM) inu-wo(ACC) kamu \A man bites a do g" . These case particles pla y an imp ortan t role when we understand sen tences. Moreo v er, their pattern in a sen tence pro vides a crucial clue as to sp eakers’ construal of an ev en t. In other words, we ha v e abilit y to construe a situation in alternative w a ys and this construal 2

T able 1: An example of EDR Japanese Co-o ccurrence Dictionary Gov erning word Relator Dep enden t word Information Information Information kake wo denwa v erb noun F requency:40 Sentence#23/[ denwa ] wo [ kake ] teita Sentence#50/[ denwa ] wo [ kake ] nagar a : determines the pattern of case particles, i.e. sen tence construction. F or example, consider the lo cative, also kno wn as the \spra y/load" or \�gure/ground" alterna- tion, shown in example 1. 1. (a) Hanako-ga p enki-wo k abe-ni n utta. Hanak o-NOM paint-A CC w all-D A T smear-PRF. \Hanak o smeared pain t on the wall." (b) Hanak o-ga k ab e-w o p enki-de nutta. Hanak o-NOM wall-A CC pain t-WITH smear-PRF. \Hanak o smeared the w all with paint." These t w o forms are expressing the same situation but are not synonymous. In (a), p enki(p aint) is accentuated and it means adhesion of the ob ject to another ob ject, while (b) tak es up kab e(the wal l) as an ob ject undergoing changes. This di�erence giv es the latter a holism e�ect \the whole w all is smeared", whic h is an epiphenomenon of the fact that the v erb sp eci�es a c hange of state: unless the w all is en tirely smeared, there is no pragmatic sense in whic h it can b e said to ha v e c hanged state. In contrast, the former sp eci�es adhesion of the ob ject and do es not imply suc h c hange of state. This phenomenon can b e explained b y referring to the core meaning of the v erbs. The former has the core meaning \X mo v es Y in to/on to Z", and the participants in the even t, X, Y, and Z are mapp ed on to surface case particles ga , wo , and ni , resp ectiv ely , following general linking rules that map seman tic structures on to syntactic argument structures. The latter has the core meaning \X causes Y to change its state b y means of mo ving Z on to Y", and X, Y, and Z are mapp ed on to surface case particles ga , wo , and de , resp ectiv ely . Thus, w e can de�ne a class of p ossible v erb meanings by running linking rules bac kw ard. That is, since there is some seman tic commonalit y observ able across an array of v erbs that participate in the same sentence construction, w e can sc hematize it by abstracting a w a y from p oin ts of div ergence. This sc hema is a type of even t or relationship that lies at the core of the meaning of a class of p ossible verbs. It can then b e used as a template for assem bling new expressions on the same pattern. As for the relationship b etw een case particles patterns and the core meaning of v erbs, see (Oishi and Matsumoto, 1995). Ho w ev er, there is an enormous reduction of information when going from the seman tic structure of a v erb to its syn tactic argumen t structure, and sev eral di�eren t seman tic sub classes can b e mapp ed on to the same argumen t structure. In order to resolve this problem, w e explore regularities of the combination of case particles patterns whic h a verb tak es in a sen tence. 3

W e extracted from the EDR Co o ccurrence Dictionary the items of which the go v erning and dep enden t w ords are a v erb and a noun. Each item has the sentence n um b ers in the EDR Cor- pus from whic h it is extracted. F or example, if the sen tence \230: sensei ga jisyo wo hiku (A teac her refers to a dictionary)" app ears in the corpus, then the items \ hiku - ga - sensei " and \ hiku - wo - jisyo " are recorded in the Co o ccurrence Dictionary with the sentence n um b er \230" (cf. T able 1). By gathering the items whic h hav e an iden tical sentence n um b er and contain the same v erb, we reconstructed 236,157 surface argumen t structures. F rom these, w e c hose 858 verbs ha ving more than 50 examples for pro cessing (total of 158,888 structures and 210,242 arguments). In this stage, w e excluded the items whic h include auxiliary verbs suc h as (s)ar eru (passivizer), (s)aseru (causativizer), temor au (receptivizer), etc. since these auxiliary v erbs change the argumen t structure of the attac hed v erbs. Each datum has the following form: 2 6 6 6 4 v erb : k aisetusur u ( establ ish ) args : 2 6 4 g a � NOM : [ noun : k aisy a ( company ) ] w o � A CC : [ noun : j imusy o ( of f ice ) ] ni � DA T : [ noun : O sak a ( O sak a ) ] 3 7 5 3 7 7 7 5 W e extracted case particles patterns from the data, and for each datum w e allotted a pattern lab el in the T able 2 b y pattern matc hing. (The ab o v e example has the pattern \ ga,wo,ni " and the lab el \h" is allotted.) T able 2: Surface Case P atterns List particles lab el particles lab el particles lab el particles lab el ga a ga,ni b ga,de b1 ga,ni-oite b2 ga,e b3 ga,ni-taisite b4 ga,ni-yotte b5 ga,kar a c ga,to d ga,kar a,ni e ga,kar a,e e1 ga,kar a,to e2 ga,to,ni f ga,to,ni-taisite f1 ga,wo,to g ga,wo,ni h ga,wo,de h1 ga,wo,ni-oite h2 ga,wo,e h3 ga,wo,ni-taisite h4 ga,wo,kar a i ga,wo,kar a,ni j ga,wo,kar a,e j1 ga,wo,kar a,to j2 ga,wo k ga,ni-tsuite k1 By summing up all of the data, we created a �le with eac h v erb as a k ey and registered the pattern lab els and their frequency . A part of this �le is giv en in T able 3. Notice that pattern lab els for each verb are arranged by the order of frequency . W e eliminated lab els which ha v e less than 5% of the total n um ber of examples for eac h verb, since these lab els migh t ha v e b een p ossibly pro duced by erroneous analyses. Consequently , w e obtained such data as shown in T able 4. This table consists of 173 lines and eac h line con tains an ordering of pattern lab els and verbs whic h hav e this ordering of pattern lab els. W e call them as \thematic sub classes" of v erbs and refer to each sub class b y using the ordering of pattern lab els. 3.2. Asp ectual dimension The prop erties that regulate the interface b etw een syn tax and lexical seman tics other than thematic are asp ectual ones. Constraints on the asp ectual prop erties asso ciated with direct in ternal argumen ts, indirect in ternal argumen ts, and external argumen ts in syn tactic structure constrains the kinds of ev en t participants that can o ccup y these p ositions (T enn y , 1994). 4

T able 3: A part of the case pattern �le verb pattern frequencies total hasiru (run) k=169 a=139 b=110 c=16 b3=12 b2=12 e1=6 480 h=5 e=3 h3=3 h2=2 b5=2 tobu ( y) a=68 b=35 k=33 b3=20 c=16 b2=7 e=6 e1=4 195 b5=3 h=2 kankeisuru (relate) b=66 a=26 d=18 111 kanr ensuru (relate) b=83 a=18 d=13 114 musubituku (link) b=58 d=33 a=16 107 T able 4: A part of the classi�cation of v erbs based on the ordering of case patterns patterns v erbs a nakunaru(b e lost),hakkirisuru(b e c ome cle ar),heru(get fewer), gensyousuru(de cr e ase),jousyousuru(rise),fukamaru(get de ep er), ... a b osamaru(b e settle d),sor ou(b e c omplete),tamaru(b e ac cumulate d), nob oru(asc end),mieru(se e),tikazuku(appr o ach),ar awar eru(app e ar), ... a b b1 deru(go out),so datu(gr ow),naku(cry),hir omaru(spr e ad),furu(fal l) gouisuru(agr e e),tomaru(stop),demawaru(app e ar on the market) ... a b b1 c umar eru(b e b orn) a b b1 k hikaru(shine),syoujiru(arise) a b b3 ugokidasu(start to move) a b b3 c nobiru(extend) a b c ukagaeru(c an se e),kuru(c ome),mieru(c an se e),agaru(rise),otiru(fal l) P erhaps the b est-kno wn taxonom y of v erbs in terms of asp ectual prop ert y w as suggested b y V endler (V endler, 1957). In his classi�cation, v erbs �rst divide in to \states" and \pro cesses", where a state is temp orally homogeneous and static, and a pro cess sp eci�es something that c hanges o v er time. Pro cesses in turn divide in to three v arieties: \activities" whic h are extended in time but ha v e no clearly demarcated endp oin ts, \accomplishmen ts" whic h are extended ov er time but are de�ned b y the fact that they terminate in the attainment of some state, and \ac hiev emen ts" whic h are construed as referring to the instant at whic h a state is attained. Pustejo vsky collapses these classes to three distinct structural con�gurations: \states", \pro- cesses", and \transitions", where V endler’s \activities" is renamed as \pro cesses" and \transi- tions" subsume b oth \accomplishmen ts" and \achiev emen ts" (Pustejo vsky , 1992). In his de�ni- tions, \state" is a single ev en t, which is ev aluated relativ e to no other ev en t (e.g. b e sick, love, know ). \Pro cess" is a sequence of ev en ts identifying the same semantic expression (e.g. run, push, dr ag ). \T ransition" is an even t iden tifying a seman tic expression, whic h is ev aluated relative to its opp osition (e.g. give, op en, build, destr oy ). He giv es a structural represen tation called \ev en t structure" to each ev en t type as in Figure 1 (where \e" is an ev en t and \E" is a v ariable for an y ev en t t yp e). In order to obtain asp ectual prop erties of v erbs we exploit adv erbs which mo dify verbs in a 5

Figure 1: Ev en t Structures corpus, since man y of adv erbs are closely related with asp ectual prop erties of v erbs. F or example, Moriy ama has classi�ed adverbs in terms of asp ectual prop erties of their mo difying v erbs as follo ws (Moriy ama, 1988). W e connected them with even t structures and allotted a lab el for each class in fa v or of the subsequent pro cess. Pro cesses mo di�ers There are tw o kinds of pro cess mo di�ers. One mo di�es \pro cess" or the ini- tial sub ev en t of \transition". This class includes reduplicativ e onomatop o eia suc h as gasagasa, b ata- b ata, suisui, sesseto, butubutu, etc., which are expressing sound or manner of directed motion, and rate adv erbs suc h as yukkuri(slow ly), teb ayaku(quickly), etc., which are expressing a sp eed of mo- tions. W e ga v e them a lab el \ P (Pro cess)". The other expresses the progress of c hange of state, suc h as dandan(gr adual ly), sukosizutu(little by little), jojoni(gr adual ly), dondon(c onstantly), sidaini(by de gr e es), etc., whic h mo di�es \transition" as a whole. W e gav e them a lab el \ T (T ransition)". They are illustrated in Figure 2 where the scop e of each adv erb is represen ted by \[adv erb]". Figure 2: Pro cess mo di�ers Con tin uance adv erbs There are adverbs which can mo dify b oth \state" and \pro cess", such as zutto(for a long time), itumademo(for ever) , etc. They express a contin uance of an ev en t or a main tenance of a state, as illustrated in Figure 3. W e gav e them a lab el \ C (Contin uance)". W e distinguish adv erbs whic h express manner of existence and gav e them a lab el \ M (Manner of existence)". They can mo dify only \state". Instan taneous adv erbs There are three kinds of instan taneous adv erbs. The �rst mak es any ev en ts instantaneous, such as satto, p onto, gatatto, p otarito, syunkan, etc. whic h are expressing instan taneous sound emission or an instant. When these adv erbs co o ccur with v erbs, the even ts are grasp ed as instan taneous. This do esn’t necessarily imply that the v erb itself is instan taneous. W e ga v e them a lab el \ I (Instan taneous)". The second measures out ev en ts, such as gokir o aruku(walk 6

Figure 3: Con tin uance adv erbs 5km), gojikan seizasita(sit str aight for 5 hours) , etc. These include time, distance, and an y quan tit y of conten ts. W e ga v e them a lab el \ Q (Quan tit y)". The third expresses the resultant state of ev en ts, suc h as mapputatuni(into two exact halves), konagonani(into p owder), p e chankoni(b e at), b ar ab ar ani(into p e ac es), etc. W e gav e them a lab el \ R (Result)". They are illustrated in Figure 4. Figure 4: Instantaneous adv erbs This classi�cation of adv erbs do es not directly corresp ond to ev en t types of verbs. How ev er, the tendency to co o ccur with some type of adv erbs provides a clue to asp ectual prop erties of a v erb. W e �rst extracted from EDR Co o ccurrence Dictionary the items of whic h the go v erning and dep enden t words are a v erb and an adv erb. This time w e didn’t use the relator information but instead used the frequency information assigned at the items. Then, w e created an index �le with eac h verb as a key and registered the kinds of adverbs and their frequency . A part of the �le is giv en in T able 5. T able 5: Adv erbs co o ccurring with verbs v erbs adv erbs intaisuru(r etir e) sudeni(alr e ady) =2, totuzen(suddenly) =1 hasyagu(fr olic) hitoitib aini(mor e than others) =1, henni(str angely) =1 enjiru(p erform) sanzan(sever ely) =1, naze(why) =1, hajimete(�rst) =1 furimuku(lo ok b ack) guito(with a jerk) =1, tittomo(at al l) =1 houjiru(r ep ort) isseini(al l to gether) =2, kou(like this) =1, sou(so) =1, tubusani(minutely) =1, motto(mor e) =1, issai(al l) =1, ... W e then carried out the classi�cation of adverbs b y using morphological clues and corrected it 7 b y hand. The n um b ers and examples of eac h sub class are shown in the T able 6. T able 6: Result of the classi�cation of adverbs lab el n um b er examples P 299 yukkuri(slow ly) , gasagasa, b atab ata, suisui, sesseto, butubutu, , .. T 93 sidaini(gr adual ly) , masumasu(incr e asingly) , jojoni(gr adual ly) , .. C 65 sonomama(as it is) , zutto(for a long time) , itumademo(for ever) ,.. M 79 jitto(stil l) , akaakato(brightly) , uttorito(absorb e d ly) , .. I 183 satto, p onto, gatatto, p otarito, syunkan(instantane ously) , .. Q 69 180-do(180 de gr e e) , ipp o(a step) , ipp ai(a cup) , .. R 60 mapputatuni(into two exact halves) , konagonani(into p owder) , .. By referring to this �le, w e created a �le with eac h v erb as a key and registered the lab els and their frequency for eac h verb. (W e summed up the frequency of adv erbs whic h ha v e the same lab el). By applying the pro cess similar to the previous subsection, we obtained such data as shown in T able 7. T able 7: A part of v erb classi�cation based on the frequency ordering of adv erb classes lab els verbs T Q matomaru(b e settle d), gensyousuru(de cr e ase), zoudaisuru(b e c ome lar ger), hasseisuru(o c cur), toutatusuru(arrive at), syuuryousuru(�nish), .. T Q I fueru(incr e ase), akkasuru(get worse), kanseisuru(c omplete), ketteisuru(de cide), kyoukyuusuru(supply), setuzokusuru(c onne ct), .. T Q I C kaizensuru(impr ove), heru(de cr e ase), jitugensuru(r e alize) T Q I C P kasaneru(pile up) T Q I C R P kuwaeru(add) T Q I P fukameru(de ep en) T Q I P C agaru(rise) This table consists of 328 lines and eac h line con tains an ordering of adverb class lab els and v erbs which ha v e this ordering of lab els. W e call them as \asp ectual sub classes" of v erbs and refer to each sub class b y using the ordering of adv erb class lab els. Ho w ev er, this classi�cation is incomplete, b ecause the p ersp ectiv e of sp eak ers (writers) often c hanges the asp ectual prop erties of v erbs. F or example, Japanese asp ectual mark er -teiru \dura- tivizes" all types of v erbs and changes their ev en t t yp e, e.g., \transition" in to \state" or \pro cess". W e can recognize motion v erbs as either \pro cess" or c hange of lo cation, i.e. \transition". More- o v er, all verbs are not necessarily mo di�ed b y adverbs (52 v erbs out of 835 hav e an empty list of lab els). In order to solv e these problems, in the next section, we combine this asp ectual classi�cation with the thematic one. 4. REPRESENT A TION In this section, w e combine the classi�cations obtained by the ab ov e tw o pro cesses, and represen t core meaning of eac h sub class of v erbs b y Lexical Conceptual Structure(LCS) (Jac k endo�, 1990). 8

Since eac h sub class is to o small to capture their core meaning, w e collected the v erbs whic h ha v e similar orderings of pattern lab els and adv erb class lab els by hand. Ho w ev er, the man ual analysis w as an easy task, since the v erbs w ere sorted out in adv ance. Sub ject c hange-of-state v erbs F or a simplest example, consider the sub class mem b ers whic h b elong to the thematic < a > and asp ectual < T > (\a" indicates particles pattern < g a > and \T" is the represen tativ e marker of suc h sub classes as consisting of sub classes < T > , < T,I > , < T,I,C > , < T,Q > , < T,Q,I > , etc. Below w e use the most frequen t adverb class as the lab el of asp ectual classes for simplicity .) This sub class con tains: nakunaru(b e c ome lost), heru(get less), kir eru(b e disc onne cte d), tuyomaru(b e c ome str ong), fukamaru(get de ep er), taeru(c e ase), otor o eru(get we ak), totonou(b e r e ady), usur eru(fade), etc. These verbs express \c hange of state" and man y of them are \de-adjectiv al" in transitiv e v erbs suc h as nai(lost) ! nakunaru(b e c ome lost) , fukai(de ep) ! fukamaru(get de ep er) , usui(p ale) ! usur eru(fade) , etc. The adjectiv es from whic h these verbs deriv ed express the results of c hange of state. Th us, the LCS of this sub class can b e de�ned as in (1): [ Ev en t GO Iden t ([ Thing � ] A ; " Path FROM([ State BE([ � ] ; [NOT A T([ � ])])]) TO([ State BE([ � ] ; [A T([ � ])])]) # )] (1) Here, the square brack ets iden tify \conceptual constituen ts". Each constituen t is lab eled as b e- longing to a \ma jor conceptual category" | one of the kinds of en tities the w orld is conceptualized as con taining, for example, Thing, Ev en t, State and P ath. Within the brac k ets, the expressions in capital letters denote the conceptual con ten t. GO, FR OM, TO, BE, and A T are functions. GO is a tw o-place function that maps a Thing and a Path in to an Ev en t denoting the Thing trav ersing along the P ath. The subscript on this function is a \seman tic �eld" in whic h the Ev en t or State is de�ned. Iden t means Iden ti�cational �eld and GO Ident denotes c hange of state. FROM and TO are one-place functions that map a State in to an abstract Path that starts from or terminates at that State. BE is a tw o-place function that maps a Thing and a Place in to a State denoting the Thing existing at the Place. Seman tic �eld also mak es this Place abstract. A T is a one-place function that maps a State in to an abstract Place. � indicates this State and is con tained in the v erb’s meaning. � indicates a Thing whic h changes its state and is marked with the \linking subscript" A . An argumen t so marked must b e expressed b y a syntactic argument; by virtue of a general principle of linking, this syntactic argumen t will app ear as the sub ject and b e mark ed with case particle ga . Th us, the en tire Ev en t in (1) can b e read roughly as \A Thing � c hanges its state from not b eing � to b eing � . W e refer to this class of v erbs as \sub ject c hange-of-state v erbs". Some verbs whic h were b orrow ed from Chinese can b e used as b oth in transitiv e and transitiv e. They b elong to the thematic < a,k > (\k" indicates particles pattern < g a; w o > ) and asp ectual < T > : kaifukusuru(r e c over), koujousuru(impr ove), gensyousuru(de cr e ase) kanryousuru(c omplete/b e c omplete d), syuuryousuru(end), etc. When they are used as transitiv e, i.e. with the case particles pattern of < g a; w o > , the things whic h c hange their states are not sub jects (mark ed with ga ) but ob jects (marked with wo ). In this case the LCS is the one whose main Ev en t is the function CA USE with (1) as its second argumen t. It will b e describ ed later under the title of \ob ject c hange-of-state verbs". 9

On the other hand, when \sub ject c hange-of-state verbs" tak e the case particle de that indicates \cause of c hange", they app ear with the particles pattern \b1" ( < g a; de > ). Since \cause of c hange" is not inheren t in verb meaning, this de case is optional and the v erbs b elong to thematic sub class < a,b1 > . This sub class con tains: fueru(incr e ase), nobiru(get longer), matomaru(b e settle d), kyuuzousuru(incr e ase r apid ly), hyoumenkasuru(c ome into the op en), katamaru(get har d), sib ousuru(die), sinu(die), nakunaru(die), etc. The LCS of this sub class can b e de�ned as: 2 6 4 Even t GO Ident ([ Thing ] A ; " P ath FR OM([ State ]) TO([ State ]) # ) [BY[ Even t ]] (A) 3 7 5 (2) BY is a one-place function that tak es an Ev en t as its argumen t and indicates the cause of the main ev en t GO Ident . The fact that this function is sub ordinated represen ts an adjunct and its argument Ev en t noun is marked with de case. The paren theses of the linking subscript indicate the fact that it is an optional case. The argumen ts of the function P ath are abbreviated. V erbs lik e sinkousuru(advanc e) , zoukasuru(incr e ase) , honkakukasuru(make/b e c ome r e al) , gekika- suru(b e c ome violent) , etc. can b e used as b oth intransitiv e and transitiv e. So they b elong to the- matic sub classes < a,b1,k > or < a,k,b1 > . They hav e the same LCS as (2) or the one whic h has the function CAUSE with (2) as its second argumen t. The thematic sub class < b,a,b1 > (\b" indicates particles pattern < g a; ni > ) con tains: nayamu(b e tr ouble d with), kurusimu(su�er fr om), o dor oku(b e surprise d at) These v erbs can take either ni -case or de -case to mark the cause of c hange-of-state. Although they are con tin uous with v erbs that b elong to the thematic sub class < a,b1 > , ni -case marking a causing ev en t characterize this class of verbs. They are also con tin uous with \relational verbs" that are men tioned later. When the causing ev en t is mark ed with ni -case, the ev en t itself, rather than the indication of the cause, is fo cused on. Therefore, the LCS is: 2 6 4 Even t GO Iden t ([ Thing ] A ; " Path FROM([BE Psychological ]) TO([BE Psychological ]) # ) [BY[ Even t ] A ] 3 7 5 (3) where linking subscript A marks the Even t which is an argument of BY rather than BY itself. Moreo v er, since all v erbs in this sub class express the men tal c hange-of-state, the seman tic �eld of the states is \Psyc hological". Although most mem b ers of these sub classes app ear in the asp ectual sub class < T > or < I > , a few of them do not. Ho w ev er, we can infer asp ectual prop erties by virtue of thematic prop erties, ev en when verbs hav e no mem b ership in the asp ectual classi�cation. F or example, ipp ensuru(change c ompletely) has no mo difying adv erb, but w e can infer that the even t t yp e of this v erb is \transition" b ecause the thematic sub class < a,k,b1 > contains nothing but c hange of state v erbs. Th us, asp ectual prop erties of v erbs ha v e a close relation with thematic prop erties of them. Sub ject mo v emen t/existence v erbs As for the sub classes of \sub ject c hange-of-state", we can infer that the ev en t t yp e of these v erbs is \transition". Con v ersely , w e can divide a thematic sub class 10 b y virtue of the asp ectual classi�cation. F or example, the thematic sub class < a,b > (\b" indicates particles pattern < g a; ni > ) con tains b oth motion v erbs and existence v erbs. This is b ecause Japanese ni -case is used to mark b oth \place" and \goal". When motion v erbs tak e ni -case, it means \goal", while the ni -case with existence v erbs means \place". The distinction b et w een them can b e obtained b y virtue of the asp ectual prop erties of the verbs. Motion v erbs are con tained in the asp ectual sub classes whic h include the asp ectual lab el \ P (Pro cess)" or \ T (T ransition)", while existence verbs are con tained in the asp ectual sub class whic h include lab els \ M (Manner of existence)" and \ C (Con tin uance)". Th us, we can obtain the t w o sub classes for one thematic sub class < a,b > by virtue of asp ectual prop erties of verbs. the LCSs of these sub classes can b e de�ned as in (4) and (5) resp ectiv ely: [ Even t GO([ Thing ] A ; [ Path TO( "( PLA CE THING )# (A) )])] (4) [ State BE([ Thing ] A ; [ Place ] (A) )] (5) The former contains: nob oru(asc end), tikazuku(appr o ach), otikome(fal l in), tassuru(r e ach), etc. as its members and the latter contains: osamaru(b e settle d), sor ou(b e c omplete), tamaru(b e ac cumulate d), hir o garu(spr e ad), son- zaisuru(exist), sadamaru(b e de cide d), etc. The former also contains \app earance v erbs" suc h as ar awar eru(app e ar) , syutugensuru(app e ar) , toujousuru(c ome onstage) etc. The LCS of these v erbs is: [ Even t GO Ident ([ Thing � ] A ; [ State BE([ � ] ; [ Place ] (A) )])] (6) This LCS sho ws b oth the relationship b et w een (4) and (5) b y enco ding the latter in to the former and the relationship b etw een (4) and (1) by substituting GO for GO Iden t . Each sub class has fuzzy edge and there is no distinct b order b et w een them. These v erbs lie halfwa y b et w een them. Moreo v er, if the fo cus is brough t into the place rather than the existing thing, the thematic sub class amoun ts to < b,a > . This sub class con tains: itisuru(take one’s p osition), komoru(b e c on�ne d), tamaru(ac cumulate), tatu(b e build), otiiru(fal l into), suwaru(sit down), sumu(live in), etc. In this sub class < b,a > , many verbs which ha v e the relativ ely high ratio of \b" express \partic- ipation" or \admission": kuwawaru(join), kanyuusuru(b e c ome a memb er of ), hairu(enter), syuuninsuru(assume o�c e), sankasuru(p articip ate), etc. Some of these v erbs b elong to the asp ectual sub classes whic h include the asp ectual lab el \ P " or \ T ", while others are con tained in the asp ectual sub class whic h include lab els \ M " and \ C ". The LCS of these v erbs is determined b y sp eakers who can c hange fo cus v ariously . If the sp eak er fo cuses on the mov emen t of the participant, the LCS of the v erb amoun ts to (4), while if the resultan t state of the participation is taken as a fo cal p oint, it amoun ts to (5). Thus, mo v emen t and existence are con tin uous categories; if something mo v es to some place then it exist that place. The p ersp ectiv e 11 tak en b y the sp eaker determines their categorization. V erbs that normally express existence can sometimes receiv e a mo v emen t construal, and vice v ersa. When an existence v erb is construed as an even t rater than a state, the LCS of the v erb ma y b e de�ned as: [ Even t ST A Y([ Thing ] A ; [ Place ] (A) )] (7) The thematic sub classes < a,b,b1 > and < a,b1,b > also con tain existence v erbs. These v erbs can tak e either ni -case or de -case to mark the place where the sub ject exists. They express not only existence but also manner of existence and are often mo di�ed b y adverbs of \ M " class: hikaru(shine), uku( o at), saku(blo om), nemuru(sle ep), yur eru(shake), hatar aku(work), seikatusuru(live), so datu(gr ow), me datu(stand out), etc. Similarly , the thematic sub classes < b,a,b1 >; < b,b1,a > and < b1,a,b > con tain: yokotawaru(lie down), neru(lie down), kur asu(live), asobu(play), hagemu(strive for), etc. V erbs lik e syoujiru(c ome out/pr o duc e) , hasseisuru(o c cur/pr o duc e) , etc. can b e used as b oth in transitiv e and transitiv e and v erbs lik e ikiru(live) can tak e a cognate ob ject as in jinsei wo ikiru (live a life) . They b elong to the thematic sub classes < a,b,b1,k >< a,b1,k,b > and asp ectual < M > . The LCS of these sub classes is: " Ev en t MO VE([ Thing ] A ) [A T[ Place ] (A) ] # (8) MO VE is a one-place function which denotes an even t without a path. A T is a one-place function that tak es an Place as its argument where the main ev en t MOVE takes place. The fact that this function is sub ordinated represen ts adjunct and its argumen t is marked with de case. When this place is mark ed with ni case, it can b e construed as goal and the whole LCS amounts to (4) or (6). As in the case of the thematic sub class < a,b > , the thematic sub class < b,a > also con tains the v erbs which express the mo v emen t. They b elong to asp ectual sub class < T > or < P > and are distinguishable from existence v erbs. The fact that \b" (the particles pattern < g a; ni > ) is at the top of the ordering indicates that the goal of the mo v emen t is a fo cal p oint in the ev en t. Hence, these v erbs express \en tering" or \arriving" without men tioning the source of the mo v emen t. The thematic sub class < b,a,b3 > (\b3" denotes particles pattern < g a; e > ) also con tains this kind of v erbs, since e -case marks the direction of the goal and is often substitutable for ni -case without c hanging the primary meaning of the whole sen tence. These sub classes con tain: toutyakusuru(arrive at), toutatusuru(arrive at), noru(ride), noridasu(launch into), to- tunyuusuru(rush into), sinsyutusuru(advanc e into), etc. The LCS of these sub classes is the same as (4) and these sub classes are con tin uous with \partici- pation" or \admission" class. Sub ject mo v emen t v erbs are also con tained in the thematic sub classes whic h include such pat- terns as \b3" ( < g a; e > ), \c"( < g a; k ar a > ), \e" ( < g a; k ar a; ni > ), and \e1" ( < g a; k ar a; e > ) in addition to \a" ( < g a > ) and \b" ( < g a; ni > ). Since the case particles e and kar a mark the goal and the source resp ectiv ely , these v erbs express the transfer of something along a path. If they 12 ha v e the pattern \k"( < g a; w o > ), the wo -case marks the path. The LCS of this t yp e of v erbs is: [ Even t GO([ Thing ] A ; 2 6 6 6 4 Path 8 > > > < > > > : FR OM TO TO W ARD VIA 9 > > > = > > > ; "( THING PLACE )# A ! 3 7 7 7 5 )] (9) FR OM, TO, TO W ARD, and VIA are one-place functions and corresp ond to kar a, ni, e and wo resp ectiv ely . The ordering of patterns v aries according as whic h part of the path is fo cused on. The aforemen tioned LCS (4) is a sp ecial case in whic h the function TO is fo cused on. When the goal is men tioned, the asp ectual sub class tends to b e < T > ; otherwise < I > or < P > . This sub class con tains: nigeru(run away), tobu( y), idousuru(move), nagar eru( ow), tobidasu( y out), agaru(go up), sutaatosuru(start), kuru(c ome), etc. and man y other v erbs. It ma y b e p ossible to sub divide these verbs in to suc h smaller sub classes as \starting" or \coming" etc. b y virtue of the ordering of the particle patterns, but the LCS is the same as (9) except for the lack of some path functions. Relation v erbs The v erbs that ha v e only the particles pattern \b" ( < g a; ni > ), i.e. b elong to the thematic sub class < b > , and that b elong to the asp ectual sub class < C > or < R > expless \binomial relation". This sub class contains: taisuru(c onfr ont), mensuru(fac e), sou(b e p ar al lel to), motozuku(b e b ase d), tugu(b e next to), sakidatu(b e pr evious to), kansuru(b e c onc erne d with), etc. Since these v erbs express the static relation b et w een tw o things, b oth things must b e realized as syn tactic argumen ts; one mark ed with ga -case and the other mark ed with ni -case. Ho w ev er, when the context imply the ob ject whic h should normally b e mark ed with ni -case, it can b e omitted. In this case, the thematic sub class amoun ts to < b,a > whic h con tains: taiousuru(c orr esp ond to), kanyosuru(p articip ate in), zokusuru(b elong to), tunagaru(b e c onne cte d with), tyokumensuru(fac e), soutousuru(b e suitable for), etc. The LCS is: [ State BE Relational ([ Thing ] A ; [ Place A T([ Thing ] A )])] (10) This LCS is similar to (5) except that the seman tic �eld is Relational and that the second linking subscript marks the thing (which is the argumen t of the function A T) rather than the place. W e adopt the function A T to represen t the relation b et w een t w o things, although it should b e elab orate for each v erb. V erbs expressing an attitude like sanseisuru(appr ove of ) , douisuru(c onsent to) , hantaisuru(b e opp ose d to) are con tained in this sub class, since determining one’s attitude tow ard something is equal to ha ving some relation with it. These v erbs relate to the thematic sub class < b,a,b4 > (\b4" indicates the particle pattern < g a; nitaisite > ) whic h contains hanp atusuru(b e o�ende d) . On the other hand, the thematic sub classes < a,d > (\d" indicates the particle pattern < g a; to > ) and < a,d,b1 > con tains kotonaru(di�er fr om), tigau(di�er fr om), ittisuru(agr e e with), kasanaru(overlap with) 13

These v erbs also express the relation b etw een t w o things; one mark ed with ga -case and the other mark ed with to -case. Since the particle to represen ts mutualit y or accompaniment, the relation is m utual rather than static. They b elong to asp ectual sub class < C > or < R > . Therefore, the LCS can b e de�ned as: " State BE Relational ([ � ] A ; [A T([ � ])]) [WITH[BE Relational ([ � ] A ; [A T([ � ])])]] # (11) WITH is a one-place function whic h takes a State as its argument and indicates the co existence of the tw o States BE Relational . The thematic sub classes < b,a,d > and < a,b,d > con tains: kankeisuru(b e r elate d to), kanr ensuru(b e r elate d to), niru(r esemble), au(�t), kakawaru(b e c onc erne d with), nar abu(b e p ar al lel with), etc. and the thematic sub classes < b,d > con tains kur ab eru(c omp ar e), sessuru(c ontact with), butukaru(hit against), musubituku(b e r elate d to), de au(c ome acr oss), au(me et with), etc. These verbs lie halfw a y b et w een (10) and (11). When they app ear in the particles pattern \b", i.e. with case particle ni , the noun phrase mark ed with ni -case has a static interpretation and the relation implies one-w a y directionality . On the other hand, when they app ear in the particles pattern \d", i.e. with case particle to , they express equal relations b et w een t w o things. Moreov er, v erbs which ha v e the relativ ely high ratio of \d" express \m utual action" rather than \mutual relation". The asp ectual sub classes also illustrate this di�erence; from < C > , < R > to < I > , < T > . The verbs whic h b elong to thematic sub class < d,a > and asp ectual < T > are: kekkonsuru(marry), kaidansuru(c onfer with), syoutotusuru(c ol lide), tatakau(�ght with), kyougisuru(c onsult with), sessyokusuru(c ontact with), etc. The LCS of this class is: " Even t A CT([ � ] ; [ � ]) [WITH[A CT([ � ] ; [ � ]) # (12) A CT is a t w o-place function which indicates that the �rst argumen t acts on the second argumen t. In order to deal with Actor-P atien t relations, Jac k endo� introduced an \action tier" apart from a \thematic tier" dealing with motion and lo cation. Although it is useful in dealing with v arieties of causation, we collapse tw o tiers for readabilit y . (A CT was used in (Pink er, 1989).) The LCS (12) represen ts the fact that � acts on � with � acting on � . Men tal action v erbs The to -case can also mark the resultan t state of men tal c hange or the quo- tation of the cognitiv e/p erceptual con ten ts. Therefore, the thematic sub classes < a,b,d > con tains: wakaru(understand), omo eru(se em to) and the thematic sub classes < a,d > , and < d,a > con tain: ieru(c an b e said), yob ar eru(b e c al le d) These v erbs are sometimes called as \sp ontaneous v erbs". They express the fact that a noun phrase mark ed with ga -case is judged to b e iden tical to a noun phrase marked with to -case. The agen t of the judgement is not explicitly represented. The LCS is: [ Epistemic Even t GO Ident ( [ THING ] A ; [ Path TO([THING] (A) )])] (13) 14 or: [ Epistemic State BE Ident ( [ THING ] A ; [ Place A T([THING] (A) )])] (14) The distinction can b e made b y referring to the asp ectual sub classes. That is, wakaru(understand) b elongs to the asp ectual sub class < T > while the others b elong to < M > or < C > . \Epistemic" is an abstract seman tic �eld where things or ev en ts or states can b e in terpreted as ideas whic h are c hanged or con tained in sentien t minds. The thematic sub classes that include the particles pattern \k"( < g a; w o > ) or \k1"( < g a; nituite > ) in addition to the pattern \a"( < g a > ) and \d"( < g a; to > ), i.e. < a,k,d > or < k,a,d > or < k,a,k1 > con tain: omou(think), handansuru(judge), kangaeru(c onsider), sinjiru(b elieve), kentousuru(examine), nob eru(state), etc. These verbs express mental actions and the to -case denotes the quotation and marks the con ten t of ideas. When the conten t of ideas is represen ted as a noun phrase, it can also b e mark ed with wo -case and the particles pattern amoun ts to \k". The noun phrase marked with ga -case expresses the agent of the mental action. The asp ectual sub class of these verbs is < P > . Thus, the LCS of them is: h Epistemic Even t A CT([ Thing ] A ; hn THING EVENT oi A ) i (15) The second argumen t of A CT indicates the con ten t of ideas by virtue of the semantic �eld \Epis- temic". Although thinking is not a concrete action on a physical ob ject, we use the function A CT in order to represen t the agentiv e prop erties of thinker, b eliever, etc. The thematic sub classes < a,k,d,b > and < a,k,k1,b > con tain: iu(say), hanasu(talk to), kataru(tel l) They express the transmission of information and ni -case in the pattern \b" marks a recipien t of the information. The LCS is: [ Epistemic Even t CA USE([ Thing ] A ; [ Even t GO( hn THING EVENT oi A ; [ Path TO([ THING ] (A) )])])] (16) The thematic sub classes that include the pattern \g"( < g a; w o; to > ) in addition to \d" and \k" con tains minasu(r e gar d) ( < d,g,k > ) and yobu(c al l) ( < d,k,a,g > ). They express the treatmen t of something. The LCS of them is the one with the function CAUSE whose second argumen t is (13). It is similar to (16) except for the di�erence b etw een the function GO and GO Iden t . Ob ject adhesion v erbs The thematic sub classes whic h include the pattern \h" ( < g a; w o; ni > in addition to \b" and \k", such as < b,h,k > or < h,b,k > or < h,k,b > , con tains: ateru(apply), to dokeru(forwar d), kuwaeru(add), oikomu(drive into), mukeru(dir e ct), okuru(send), ataeru(give), hakensuru(send), etc. They express an ev en t where someone causes something to mo v e to somewhere. Since the head of the ordering is the pattern \b" or \h" whic h con tain ni -case, rather than the pattern \k" whic h do esn’t, they fo cus on the goal of the mov emen t. They b elong to the asp ectual sub class < T > or < I > . The LCS of them is the one with the function CA USE whose second argumen t is (4), i.e.: [ Ev en t CA USE([ Thing ] A ; [ Even t GO([ Thing ] A ; [ Path TO( hn PLACE THING oi A )])])] (17) 15

When the mo v ed ob ject is an abstract noun, the seman tic �eld b ecomes \Psyc hological". In this case, the meaning of v erbs is an ev en t where someone imp oses a burden on someone else, i.e. \dep endence" or \reliance". They include: ir aisuru(r e quest), izonsuru(r ely on), makaseru(entrust to), tanomu(b e g), etc. In these sub classes, some verbs lik e henkansuru(tr ansform) , tenkansuru(c onvert) express ob ject c hange-of-state rather than ob ject mov emen t. This sho ws the relationship b et w een t w o meanings. Its semantic �eld is \Iden ti�cational" and the ni -case marks resultant state of the c hange. Ob ject c hange-of-state/Action v erbs Many verbs in the thematic sub classes < k > or < k,a > and the asp ectual sub classes < T > or < Q > express c hange-of-state of the ob ject: takameru(r aise), tuyomeru(make str onger), kyoukasuru(str engthen), fukameru(de ep en), fuyasu(incr e ase), her asu(de cr e ase), etc. They are the transitives corresp onding to the in transitiv es whic h b elong to the thematic sub class < a > , i.e. sub ject c hange-of-state verbs. Therefore, the LCS of them is: [ Even t CAUSE([ Thing ] A ; [ Even t GO Iden t ([ Thing ] A ; " Path FR OM([ State ]) TO([ State ]) # )])] (18) There are v arious kinds of c hange-of-states. F or example, some express disapp earance of the ob ject such as kesu(get rid of ) , kor osu(kil l) , nakusu(lose) , etc., some express pro duction of ob- ject suc h as seisansuru(pr o duc e) , umidasu(give rise to) , seiseisuru(cr e ate) , tukuridasu(make) , etc., some express a c hange in qualit y suc h as kaizensuru(impr ove) , tuyomeru(make str ong) , etc., others express a momentary c hange of p osture or stance: nir amu(star e), mitumeru(gaze), nigiru(gr asp), suu(br e athe), ner au(aim at), motu(hold), sasu(p oint to), kakaeru(hold), etc. There are still more v erbs in these sub classes. W e may b e able to classify them in to subtle sub classes b y virtue of the meaning of the ob ject noun phrases. Ho w ev er, since it m ust b e sub jectiv e and complicated b y idiosyncrasies, w e don’t sp ecify each of them but put them together as verbs acting on something and giv e some examples. The LCS of them can b e de�ned as: h Ev en t A CT([ Thing ] A ; hn THING EVENT oi A ) i (19) V erbs acting on a Thing express \treatmen t" or \managemen t" of the ob ject: hakaru(me asur e), syorisuru(manage), tasukeru(help), sap o otosuru(supp ort), seigyosuru(c ontr ol), atukau(tr e at), sijisuru(supp ort), toriatukau(tr e at), sousasuru(op er ate), etc. V erbs acting on an Ev en t i.e., whose direct ob ject is an ev en t noun, express in tellectual or purp oseful action: aisuru(love), isikisuru(b e c onscious of ), imisuru(me an), tasikameru(make sur e of ), kakunin- suru(asc ertain), kib ousuru(hop e), ninsikisuru(p er c eive), ketteisuru(de cide), kiteisuru(r e gulate), etc. Of course, there is no clear distinction b et w een them. The v erbs take ni -case and b elong to the thematic sub classes < k,a,b > , < k,a,h > , < k,a,b,h > or < k,a,h,b > express \employmen t" or \ob ject c hange-of-state". The former tak es an ev en t noun mark ed with ni -case and this means a purp ose of the action: 16 katuyousuru(utilize), tukau(use), siyousuru(employ), youisuru(pr ep ar e), motiiru(make use of ), ouyousuru(apply), tekiyousuru(apply), etc. The LCS of them is the one in whic h (19) sub ordinates [F OR[ Ev en t ] A ] as an adjunct. They b elong to the asp ectual sub class < C > or < Q > since the emplo ymen t of something tends to b e con tin uous. On the other hand, the latter b elong to the asp ectual sub classes < T > or < I > and ni -case marks the resultant state of the change: kaeru(change), kakutyousuru(extend), hikiageru(incr e ase), ar atameru(r evise), henkousuru(alter), naosu(amend), waru(divide), etc. The LCS of them is the same as (18) of whic h the argumen t of the path function TO is marked with a linking subscript A, i.e.: [ Even t CA USE([ Thing ] A ; [ Even t GO Ident ([ Thing � ] A ; " P ath FR OM([ State ]) TO([ State ] (A) ) # )])] (20) P assage/Starting v erbs Some verbs b elonging to the thematic sub class < k,a > and the asp ec- tual < C > or < P > express mo v emen t and the wo -case marks the course: ko eru(go acr oss), noriko eru(climb over), tuukasuru(p ass), kudaru(go down), etc. Since they tak e a place noun mark ed with wo -case whic h cannot b e substituted for woto otte(acr oss) , they contains the passage of the course as their o wn meaning. Therefore, the LCS of them is: [ Ev en t GO([ Thing ] A ; [ Path VIA([ Place ])] A )] (21) In this LCS, di�ering from the ordinary mov emen t v erbs (9), the linking subscript A marks a P ath con taining the function VIA rather than the Place whic h is an argument of VIA. These verbs means passage without men tioning the source and goal of the mov emen t. Other general mov emen t v erbs suc h as hasiru(run) and aruku(walk) can take ni -case marking the goal or kar a -case marking the source of the mo v emen t and therefore b elong to the thematic sub class < k,a,b > or < k,a,c > . Some wo -case can b e substituted for kar a -case. The v erbs that tak e this wo -case fo cus on the source of the mo v emen t and b elong to the thematic sub classes whic h con tain the pattern \c" ( < g a; k ar a > ) suc h as < k,c,a > , < k,c,b > or < k,a,c,b > : saru(le ave), syupp atusuru(start), dassuru(get out of ), hanar eru(dep art fr om), oriru(get o� ), no gar eru(get away o� ), etc. The LCS of them is: [ Ev en t GO([ Thing ] A ; [ Path FROM([ Place ] (A) )] (A) )] (22) The linking subscript A marks either a Path con taining the function FROM or the Place whic h is an argumen t of FR OM. The former is realized as wo -case and the latter kar a -case. This explains the fact that wo -case marking an explicit place noun naka(inside) is anomalous, since naka(inside) cannot b e a path but a source place from which someone leav es. Hey a f k ara/w o g deru. \go out of a ro om." Hey a no nak a f k ara/?w o g deru. \go out of the inside of a ro om." 17

Ob ject mo v emen t v erbs As opp osed to passage/starting verbs, the verbs whic h b elong to the thematic sub classes that include such particles patterns as \i" ( < g a; w o; k ar a > ), \h" ( < g a; w o; ni > ), \h3" ( < g a; w o; e > ) or \j" ( < g a; w o; k ar a; e > ), i.e., the patterns including b oth wo -case and ni -case or e -case or kar a -case, express an ev en t where someone causes something to mo v e to somewhere. Among them, the sub classes whose head of the ordering of the particles pattern is \k" not \b" or \h" contain: kounyuusuru(pur chase), syukkasuru(forwar d), teikyousuru(o�er), har au(p ay), yusyu- tususu(exp ort), hakobu(c arry), yunyuusuru(imp ort), osu(push), hiku(pul l), hanatu(r ele ase), uru(sel l), etc. They are the transitiv es corresp onding to the in transitiv e sub ject mov emen t v erbs. Lik e them, the ordering of particles patterns v aries according as whic h part of the path is fo cused on. The aforemen tioned ob ject adhesion verbs (17) are sp ecial cases where the function TO is fo cused on. On the other hand, when FR OM is fo cused on, the ratio of the pattern \i" ( < g a; w o; k ar a > ) b ecomes relativ ely high. They express \receiving" or \bringing out": uketoru(r e c eive), yomitoru(r e ad one’s thought), mor au(b e given), motidasu(c arry out), hikidasu(pul l out), ub au(r ob), torinozoku(r emove), etc. When the goal is mentioned, the asp ectual sub class tends to b e < T > ; otherwise < I > or < P > . W e can distinguish p erceiving verbs that also ha v e abstract motion comp onen ts suc h as miru(se e) , nagameru(lo ok at) , etc., since they b elong to the asp ectual sub class < M > . The LCS of them is the one with CA USE whose second argumen t is (9): 2 4 Even t CA USE 0 @ [ Thing ] A ; 2 4 Even t GO 0 @ [ Thing ] A ; 2 4 Path 8 < : FR OM TO TO W ARD 9 = ; � hn THING PLACE oi A � 3 5 1 A 3 5 1 A 3 5 (23) Ho w ev er, as opp osed to (9), this LCS do es not include the path function VIA. This is b ecause when someone mo v es something wo -case marks the mo v ed ob ject rather than the path. In other w ords, the mo v ed ob ject itself forms the path. If the function GO is substituted for GO Ident then the LCS amounts to the one de�ning ob ject change-of-state v erbs mentioned ab o v e. Moreov er, when the mov ed ob ject is an abstract noun, i.e. some information, they express \transmitting" or \hearing": sijisuru(instruct), setumeisuru(explain), miseru(show), simesu(indic ate), houkokusuru(r ep ort), youkyuusuru(demand), sir aseru(inform), tutaeru(tr ansmit), kiku(he ar), yakusokusuru(pr omise), etc. The LCS is the same as (16). Ho w ev er, since the head of the ordering of particles patterns is \k" ( < g a; w o > ), they fo cus on the conten t of the information rather than the recipient. Setting v erbs Among ob ject mo v emen t v erbs, the v erbs b elonging to the thematic sub classes < k,a,b,h > , < k,a,h > , < k,a,h,b > , < k,b,a,h > , < k,h,a,b > , etc. express \setting" or \building". They b elong to the asp ectual sub class < R > or < I > or < T > . They hav e the same LCS as (17) except that the ob ject, rather than the place where it is set, is fo cused on: kaku(write), kizuku(build), tateru(set up), sinsetusuru(found), seturitusuru(establish), tukuru(make), tousaisuru(lo ad), kazaru(de c or ate), haru(stick), umeru(bury), kensetusuru(c onstruct), nyuuryokusuru(input), noseru(put on), etc. When they contain c hange-of-state comp onents in their meaning, they participate in the lo cativ e alternation as mentioned in the previous section. 18

Ob ject exc hange/connection v erbs The verbs b elong to the thematic sub classes whose head of the ordering of the particles pattern is \k" and also include the pattern \d" ( < g a; to > ) or \g" ( < g a; w o; to > ) express an exchange or connection of the ob ject: ketugousuru(join), koukansuru(exchange), tyouseisuru(c o or dinate), kumu(unite), kumi- awaseru(c ombine), nar ab eru(arr ange), setuzokusuru(c onne ct), tougousuru(unify), ky- ougisuru(talk with), ar asou(c omp ete with), etc. They are the transitiv es corresp onding to the in transitiv e m utual relation/action v erbs. The LCSs are therefore: " Even t CAUSE [ Thing � ] A ; " State BE Relational ([ � ] A ; [A T([ ])]) [WITH[BE Relational ([ ] A ; [A T([ � ])])]] #!# (24) or: " Even t A CT([ � ] A ; [ ] A ) [WITH[A CT([ � ] A ; [ ]) # (25) The former (24) indicates that the sub ject � causes � and to ha v e some relation, while the latter (25) indicates that b oth � and � act on the ob ject . Other v erbs In the thematic sub classes < k,a,h1,b1 > and < k,a,h,b > , there are verbs expressing \�nding" suc h as hakkensuru(disc over) , mitukeru(�nd) and miidasu(�nd out) . They b elong to the asp ectual sub class < T > . The LCS of them can b e de�ned as the one with the function CA USE whose second argument is \app earance" (6) and its seman tic �eld is Epistemic. The thematic sub classes < k,i > , < k,i,a > and < k,a,i > contains \defending" v erbs such as sukuu(r escue) , mamoru(guar d) and ho gosuru(pr ote ct) . They hav e the same particles patterns as \bringing out" v erbs. This can b e explained b y \force dynamics" theory of T alm y (T alm y , 1988). In the force- dynamic mo del, ob jects are conceived as b o dies with inheren t tendencies to w ard motion or rest. T alm y introduces the roles of \agonist": an en tit y under fo cus whic h has a tendency either for motion or rest, and \antagonist": an en tit y whic h opp oses the agonist. In the case of bringing out, a stronger antagonist a�ecting a weak er agonist with a tendency to w ards rest, results in mo ving. While in the case of defending, a w eak er an tagonist a�ecting a stronger agonist with a tendency to w ards rest, results in resting. That is, the former corresp onds to the o ccurrence of an ev en t with an e�ect in v olving a mo ving, while the latter corresp onds to an ev en t whose e�ect is the cessation or failure of o ccurrence of a moving. Th us, in defending v erbs, kar a -case marks the source of an implicit mov emen t force. The LCS is: h Even t CAUSE � [ Thing � ] A ; h State BE � [ Thing � ] A ; h NOT A T([A CT([ n THING EVENT o ] A ; [ Thing � ])]) i�i�i (26) The en tire Ev en t in (26) can b e read roughly as \A Thing � causes a Thing � not to b e acted on b y an Ev en t or a Thing . 5. OR GANIZA TION OF SUBCLASSES W e hav e classi�ed ab out 80% of 835 verbs semi-automatically . One group of v erbs w e could not classify prop erly are the v erbs whic h take optional and seman tically am biguous case mark ers such as de . These v erbs hav e got mixed in with the wrong sub class due to these optional cases. The other group are p olysemous v erbs suc h as \ligh t v erbs": suru(do) , naru(b e c ome) , etc., which ma y b e included in several distinct sub classes or in sup erclass of these sub classes. W e need to structure 19 the sub classes hierarchically and to clarify the relations among them. These issues remain to b e studied in the future. As men tioned in the section 2, there can b e graded membership in a sub class, i.e. there exist protot ypical members and marginal mem b ers of eac h sub class. A prototype is a t ypical instance of a sub class, and other mem b ers are assimilated to the sub class on the basis of their p erceiv ed resem blance to the prototype; there are degrees of mem b ership based on degrees of similarit y . W e can incorp orate the protot ypicalit y of the mem b ers whic h constitute eac h seman tic sub class b y taking account of the frequency of case particle patterns and co o ccurring adv erbs. F or example, the thematic sub class < a,b > consists of verbs whic h ha v e v arious ratios of \a" to \b". W e can arrange them in the order of p ercen tage of \a". If the p ercen tage of \a" b ecomes lo w er than 50%, then the v erbs b elong to the thematic sub class < b,a > . The sub class < b,a > also consists of v erbs with v arious ratios of \b" to \a". If the p ercen tage of \b" approac hes to 100 %, then the v erbs hav e similar prop erties with the v erbs in the thematic sub class < b > . Moreo v er, as oft-men tioned in previous section, eac h sub class has close relationship with eac h other. Th us, w e can detect the organization of the seman tic sub classes of all v erbs. It is illustrated in the Figure 5. (where eac h circle expresses a sub class and consists of a mnemonic name and the num b er of the LCS in the text. W e represen t them by separate circles and connected them with lines for exp ository purp ose, but of course there is no clear demarcation b et w een them.) 6. CONCLUSION In this pap er, w e prop osed a t w o-dimensional seman tic classi�cation of Japanese v erbs. One di- mension is thematic, and we exploited patterns of case particles whic h can b e obtained b y gathering syn tactic argumen t structures of v erbs in a corpus. The other dimension is asp ectual, and adverbs whic h mo dify v erbs of v arious ev en t t yp es play ed an imp ortan t role. By com bining these tw o clas- si�cations, w e obtained an elab orate classi�cation of v erbs and ga v e a LCS represen tation for eac h sub class. Then, we detected the organization of these sub classes b y considering in terrelationship b et w een them. Although w e consider this classi�cation and the organization of sub classes as rather adequate, it is di�cult to ev aluate their accuracy . In order to ev aluate them, we are implemen ting the linking rules whic h map LCSs into the HPSG-st yle lexical en tries and we in tend to parse sen tences in a unparsed corpus by using this lexicon. This will b e describ ed in a subsequen t pap er. W e used a parsed corpus to extract the dep endency relations b etw een w ords, and this approach dep ends on the syn tactic pre-pro cessing of texts. Ho w ev er, parsed corp ora can b e ac hiev ed b y man y natural NLP systems or man ual analyses with lo w cost, while the classi�cation and the organization of verbs are hard to obtain with high quality and tend to b e sub jectiv e unless w e use suc h metho d as describ ed here. 20

Figure 5: The net w ork of semantic sub classes of v erbs 21

REFERENCES Japan Electronic Dictionary Research Institute Ltd. EDR. 1995. Jap anese Co-Oc curr enc e Dictio- naries . (in Japanese). J. Grimshaw. 1990. Ar gument Structur e , volume 18 of Linguistic Inquiry Mono gr aph . MIT Press. R. Jack endo�. 1990. Semantic Structur e . MIT Press. G. Lak o�. 1987. Women Fir e,and Danger ous Things : What Cate gories R eve al ab out the Mind . The Universit y of Chicago press. R.W. Langack er. 1987. F oundations of Co gnitive Gr ammar, V ol.1 The or etic al Pr er e quisites . Stan- ford Universit y Press. R.W. Langac k er. 1991. F oundations of Co gnitive Gr ammar, V ol.2 Descriptive Applic ation . Stan- ford Universit y Press. B. Levin and H. M. Rappap ort. 1995. Unac cusativity : A t the Syntax-L exic al Semantics Interfac e , v olume 26 of Linguistic Inquiry Mono gr aph . MIT Press. B. Levin. 1993. English V erb Classes and A lternations . The Univ ersit y of Chicago Press. T. Moriy ama. 1988. Nihongo Doushi Jutsugobun no Kenkyuu (A Study of Jap anese verb-pr adic ate sentenc es) . Meiji Shoin. (in Japanese). A. Oishi and Y. Matsumoto. 1995. A metho d for deep case acquisition based on surface case pattern analysis. Pr o c e e dings of the 3r d Natur al L anguage Pr o c essing Paci�c Rim Symp osium , 2:678{684. S. Pinker. 1989. L e arnability and Co gnition: The A c quisition of Ar gument Structur e . MIT Press. J. Pustejovsky . 1991. The generative lexicon. Computational Linguistics , 17(4):409{441. J. Pustejo vsky . 1992. The syn tax of even t structure. In B. Levin and S. Pinker, editors, L exic al and Conc eptual Semantics , c hapter 3, pages 47{81. Blac kw ell. L. T alm y . 1988. F orce dynamics in language and cognition. Co gnitive Scienc e , 12:49{100. C. L. T enn y . 1994. Asp e ctual R oles and the Syntax-Semantics Interfac e , v olume 52 of Studies in Linguistics and Philosophy(SLAP) . Kluw er Academic. Z. V endler. 1957. V erbs and times. Philosophic al R eview , 66:143{160. U. Zernik. 1991. In tro duction. In U. Zernik, editor, L exic al A c quisition: Exploiting On-Line R esour c es to Build a L exic on , pages 1{26. La wrence Erlbaum Asso ciates. 22