Dear Dr. Babak Hamidzadeh: Enclosed please �nd a p ostscript �le of our pap er titled \In teractiv e Generalization of a T ranslation Example Using Queries Based on a Seman tic Hierarc h y", whic h is in tended for submission to ICT AI{2000. The information on the con tact author etc is as follo ws: 1) Con tact Author: Y ausuhiro Akiba Email: akiba@cslab.k ecl.n tt.co.jp P ostal mail: NTT Comm unication Science Lab oratories. 2-4 Hik aridai Seik a-c ho Souraku-gun Ky oto 619-0237, Japan. 2) Appropriate sub ject areas: Natural Language Pro cessing, Mac hine T ranslation, Kno wledge Acquisition, T ranslation Kno wledge, In teractiv e System. Thank y ou for y our atten tion. Best regards, Y asuhiro Akiba

In teractiv e Generalization of a T ranslation Example Using Queries Based on a Seman tic Hierarc h y Y asuhiro Akiba Hiromi Nak aiw a Satoshi Shirai Y oshifumi Oo y ama NTT Comm unication Science Labs. 2-4, Hik aridai, Seik a-c ho, Soraku-gun, Ky oto, 619-0237, JAP AN f akiba,nak aiw a,shirai,o o y ama g @cslab.k ecl.n tt.co.jp Abstract This pap er addresses the issue of acquiring translation rules for mac hine translation (MT) systems that adopt a transfer approac h. These rules are se- man tic pattern pairs (SPPs) of source and target languages. Practical MT systems m ust additionally con tain a h uge n um b er of SPPs corresp onding to rarely-used predicates and predicate usages. Suc h SPPs are di�cult to auto- matically acquire with corpus-based metho ds [1, 9, 10]. T o solv e this di�cult y , this pap er prop oses a metho d to acquire SPPs b y using queries based on a seman tic hierarc h y . The prop osed metho d asks the lexicographer for the neces- sary information in order to generalize the conditions of SPPs and then gradu- ally generalizes these conditions. Exp erimen tal results sho w that the prop osed metho d allo ws the acquisition of more plausible conditions within almost the same time sp en t for man ual generalization. 1

Sub ject Areas: Natural Language Pro cessing, Mac hine T ranslation, Kno wledge Acquisition, T ranslation Kno wledge, In teractiv e System. 1 In tro duction The W orld Wide W eb (WWW) has b ecome v ery p opular throughout the w orld. Due to this p opularit y , more and more p eople ha v e come to realize that the opp ortunit y is gro wing for them to read do cumen ts written in unfamiliar languages. Accordingly , there are higher hop es for more e�cien t mac hine translation (MT) systems. One attempt to ac hiev e MT systems is the use of a seman tic-based transfer approac h [5, 3, 11]. This approac h fo cuses on the collo cation b et w een v erbs and nouns. Seman tic-based transfer MT systems pro vide if-then rules (called seman tic pattern pairs or SPPs ), whose if-parts and then-parts are collo cation patterns in the source language (SL) and the target language (TL), resp ectiv ely . Figure 1 sho ws a simpli�ed example [4] of an SPP in a Japanese-English MT system, AL T-J/E [5]. The if-part is a Japanese pattern, and the then-part is an English equiv alen t. This SPP indicates that if the Japanese v erb is yaku , its sub- IF J-Verb = yaku THEN E-Subj = N 1 J-Subj = N 1 :[ People ] E-Verb = bak e J-Obj = N 2 :[ Bread or Confectionery ] E-Obj = N 2 Figure 1: SPP for Japanese v erb yaku . 2

Figure 2: Upp er Lev els of the Seman tic Hierarc h y in AL T-J/E. jectiv e noun is categorized as People and its ob jectiv e noun is categorized as Bread or Confectionery ; accordingly , the corresp onding English v erb is b ake and its sub- ject and ob ject are the translation in to English of the Japanese sub ject and ob ject, resp ectiv ely . Eac h slot suc h as J-Subj or J-Obj con tains the meanings of nouns ( seman tic categories ) lik e People , Bread , or Confectionery . 1 AL T-J/E has ab out 2,800 seman tic categories [4], whic h constitute a hierarc h y with a maxim um depth of 12 (Figure 2). Eac h of ab out 400,000 nouns in the AL T-J/E lexicon has one or more seman tic categories as its meanings. Practical MT systems based on a seman tic-based transfer approac h m ust addi- 1 Some nouns lik e Zeri \jelly" are categorized as Confectionery ; consequen tly , seman tically strange sen tences as watasi-wa zeri-wo yaku \I bak e jelly" can meet the SPP sho wn in Figure 1. It do es not matter that sen tences lik e this meet an SPP since they are not inputted in to MT systems. 3 tionally con tain a h uge n um b er of SPPs corresp onding to rarely-used predicates and predicate usages. In the case of AL T-J/E , Shirai et al. [8] rep orted that ab out 10,000 SPPs, corresp onding to rarely-used predicates and predicate usages, ha v e to b e generated for AL T-J/E to co v er nearly all of the predicates in Japanese. The existing approac hes to acquire SPPs include corpus-based approac hes [1, 9, 10]. As Ch urc h indicates in [2], man y p ossible co-o ccurrences cannot b e observ ed ev en in a v ery large corpus. That is, a su�cien t n um b er of illustrativ e sen tences cannot b e prepared for the ab o v e kinds of SPPs. These approac hes are, therefore, of limited applicabilit y . T o date, the ab o v e kinds of SPPs ha v e b een acquired b y man ual approac hes lik e those in [8]. The task of generating SPPs in v olv es inputting the appropriate (not o v er-general and not o v er-sp eci�c) seman tic categories in to eac h slot. It is, ho w ev er, di�cult for lexicographers to man ually generate SPPs due to the follo wing reasons. Large n um b er of candidates: Searc hing for appropriate categories requires a lot of e�ort on the part of lexicographers. This is b ecause the n um b er of candi- dates for appropriate categories ranges from sev eral thousands [4] to sev eral tens of thousands [6], dep ending on the seman tic hierarc h y used. Necessit y of exp erience: T o sp ecify appropriate seman tic categories, lexicogra- phers m ust b e v ery familiar with all of the seman tic categories and the lexicon on an MT system. 4

Di�eren t qualit y of generalization: Lexicographers treat minor translation ex- amples di�eren tly according to their o wn generalization standards. Some lex- icographers sp ecify more general seman tic categories so as to b e met b y minor examples. Other lexicographers ignore minor examples. T o o v ercome the di�cult y of generating SPPs and the sheer quan tit y of SPPs, metho ds to supp ort lexicographers are required. This pap er prop oses a new metho d that searc hes for appropriate seman tic cat- egories to b e inputted in to eac h slot b y using queries based on a seman tic hierarc h y . The prop osed metho d adopts three di�eren t approac hes to searc hing for appropriate seman tic categories. The approac hes for the searc hing generate translation exam- ples at eac h searc h p oin t and ask whether the noun corresp onding to the target slot can b e seman tically collo cated with the v erb of the SL side in the acquired SPP and whether that noun can also giv e a con text where the most plausible equiv alen t for the v erb of the SL side is the v erb of the TL side. The only task that lexicographers ha v e to do is to answ er eac h query . Consequen tly , the resulting categories follo w a sp eci�c generalization standard. The authors exp erimen tally ev aluated the prop osed metho d b y acquiring the seman tic categories for ten SPPs [4] with AL T-J/E . Exp erimen tal results sho w ed that the prop osed metho d w as able to acquire, in �v e cases, the same categories as, or in the other cases, more plausible categories than, those sp eci�ed man ually 5 within almost the same time sp en t for the man ual generalization. The next section describ es the acquisition task in this study . The prop osed metho d is presen ted in Section 3. Exp erimen tal results are sho wn and a discussion is pro vided in Section 4. Finally , our conclusions are presen ted in Section 5. 2 Acquisition T ask This section c haracterizes the appropriate seman tic categories that the prop osed metho d should input in to eac h slot in SPPs and describ es the acquisition task that the prop osed metho d handles. Let us assume that lexicographers attempt to acquire the appropriate seman tic categories for the slots of the SPP sho wn in Figure 1 while they deriv e (1) as a sample sen tence that meets the conditions of the acquired SPP . (1) T aro-ga taro- subj appurupai-w o apple pies- obj y aku bak e- present ‘T aro bak es apple pies’ where the nouns suc h as T ar o \a t ypical �rst name of Japanese males" for the J-Subj slot or appurup ai \apple pies" for the J-Obj slot are called the sample nouns , and the seman tic categories of the sample nouns are called the sample categories . Let the sample categories of T ar o and appurup ai b e Male and Confectionery , resp ectiv ely . 6

When sp ecifying di�eren t seman tic categories from sample categories in to slots so that w e can in v estigate what kinds of linguistic phenomena can b e observ ed, let us replace one of the sample nouns with another noun as follo ws. (2) Meari -ga mary- subj appurupai-w o apple pies- obj y aku bak e- present ‘Mary bak es apple pies’ (3) Mangetsu -ga a full mo on- subj appurupai-w o apple pies- obj y aku bak e- present ‘A full mo on bak es apple pies’ (4) T ar o-ga sake -wo yaku taro- subj a salmon- obj grill- present ‘T aro grills a salmon’ In the case of (2), the sen tence is natural as a Japanese sen tence, so the substi- tuted noun Me ari \Mary" can b e seman tically collo cated with Y aku \bak e". In the case of (3), the description of the sen tence Mangetsu-ga appurup ai-wo yaku is not realistic and cannot happ en normally . In suc h a sense, Mangetsu \a full mo on" can- not b e seman tically collo cated with yaku . In the case of (4), the sen tence is natural as a Japanese sen tence so the substituted noun sake \a salmon" can b e seman tically collo cated with Y aku . On the other hand, the most plausible equiv alen t for Japanese v erb yaku is gril l rather than b ake . This is b ecause, although the source sen tence do es not describ e de�nite clues in order to select the English equiv alen t, the most plausible situation of the source is T ar o gril ls a salmon as long as one tak es accoun t 7 of the culture of SL; in this case, Japanese culture. As seen ab o v e, the follo wing linguistic phenomena can b e observ ed through the replacemen t of nouns, (P1) Some nouns (or seman tic categories) can b e seman tically collo cated with the v erb of the SL side in the acquired SPP . (P2) Out of all of the seman tically collo cated nouns (or seman tic categories), some nouns (or seman tic categories) can giv e a con text where the most plausible equiv alen t for the v erb of the SL side is the target v erb of the TL side. The phenomena is a go o d indicator for �nding the appropriate categories. As a seman tic category sp eci�ed to a slot pro cessed b y lexicographers ( the tar- get slot ) can c hange from the sample category for the target slot to the ro ot of the seman tic hierarc h y step b y step, the n um b er of nouns able to meet an acquired SPP can increase gradually . When C i denotes the i-th seman tic category on the path from the ro ot of the seman tic hierarc h y to the sample category for the target slot (Figure 3), and when C i is sp eci�ed to the target slot instead of C i + 1 , the ratio of the collo cated nouns in (P1), to the additionally co v ered nouns, is called the acceptable rate of C i , whic h is related to the o ccurrence probabilities of the SL sen tences generated b y the replacemen t. The ratio of the nouns that can giv e the con text in (P2), to all collo cated nouns in (P1), is called the translatable rate of 8

Figure 3: Prop osed metho d: M denotes the depth of the sample category for the target slot. Figure 4: Acceptable rate and translatable rate of C i C i (Figure 4), whic h is related to the probabilities that suc h substituted nouns can giv e the con text in (P2). Because b oth rates of the appropriate seman tic categories sp eci�ed to the target slot should b e su�cien tly large, let us fo cus on the lo w er thresholds of b oth rates and call them the minimal acceptable rate and the minimal translatable rate , resp ectiv ely . A seman tic category whose acceptable rate is the minimal acceptable rate or greater and whose translatable rate is the minimal translatable rate or greater is called an ok-category . On the other hand, a category that is not an ok-category is called an ng-category . This pap er c haracterizes eac h appropriate seman tic category as an ok-category that is lo cated at the highest lev el on the seman tic hierarc h y when the minimal acceptable rate and the minimal translatable rate are giv en. Consequen tly , giv en the minimal acceptable rate and the minimal translatable 9

Input: (A) the sk eleton of a sen tence that meets the acquired SPP , (B) a com bination of nouns suc h that, for eac h slot in the if-part of the SPP , one of the nouns should meet the condition of the slot ( the sample nouns ), (C) the seman tic category for eac h sample noun ( the sample categories ). Output: the highest ok-category in the seman tic categories on the path b et w een the ro ot in the seman tic hierarc h y and the sample category for the target slot. Figure 5: Acquisition task rate, the acquisition task that the prop osed metho d handles is to searc h for the highest ok-category for the target slot of the SPP acquired b y the metho d (Figure 5). F or example, to mak e the prop osed metho d acquire the appropriate seman tic category for the J-Subj slot of the SPP sho wn in Figure 1, the inputted sk eleton of the sen tence that meets the acquired SPP is N 1 -ga N 2 -wo yaku \ N 1 bak e N 2 ", where N i is a v ariable. T ar o and Male are inputted as the sample noun for the J-Subj slot and the seman tic category , resp ectiv ely . A t the same time, appurup ai and Confectionery are inputted as the sample noun for the J-Obj slot and the seman tic category , resp ectiv ely . Lexicographers can easily input this information. The output is the highest ok-category in the eigh t seman tic categories on the path b et w een the ro ot in Figure 2, Anything ( C 1 ), and the leaf, Male ( C 8 ). 3 Prop osed Metho d This section describ es the prop osed metho d that adopts three approac hes to searc h for the highest ok-category describ ed in Section 2. The approac hes use the same strategy for generating queries and presen ting them to lexicographers in order to 10 estimate the acceptable rate and the translatable rate of the curren t searc h p oin t. 3.1 Generating Sen tences for Queries When the curren t searc h p oin t is C i , the approac hes for the searc hing generate sen tences in the follo wing w a y: (i) initially generate a sen tence b y �lling eac h v ariable N i in the sk eleton with the corresp onding sample noun; (ii) then, generate some sen tences b y replacing the sample noun for the target slot with other nouns in Cluster i , whic h hereafter denotes the set of nouns categorized as C i or descendan ts of C i but not categorized as C i + 1 or descendan ts of C i + 1 . F or example, assume that, in order to acquire the SPP sho wn in Figure 1, the input to the prop osed metho d is the same as presen ted at the end of Section 2: N 1 -ga N 2 -wo yaku as the sk eleton, T ar o and appurup ai as the sample nouns, and Male and Confectionery as the seman tic categories; that the target slot is the J-Subj one; and that the curren t searc h p oin t is C 2 ( Concrete in Figure 2), then the substituted nouns are categorized as either Palaces or Object or descendan ts of them. The approac hes use the generated sen tences for estimating the acceptable rate and the translatable rate of the curren t searc h p oin t C i . The main issues are that, in order to estimate b oth rates within signi�can tly small errors b y using only the limited n um b er of generated sen tences, ho w do the approac hes select the nouns substituted for the sample noun and ho w do the approac hes estimate b oth rates. 11

T o resolv e the t w o issues, the approac hes emplo y strati�ed sampling [7], a sam- pling surv ey tec hnique in statistics, in the follo wing. Cluster i is separated in to subsets of nouns, from whic h some substituted nouns are collected, where the n um- b er of substituted nouns from eac h subset is decided according to the total n um b er of nouns in the subset as will b e seen later. Then, the acceptable rate of C i is estimated as the w eigh ted a v erage of the acceptable rates for the subsets, where the w eigh t for eac h subset is the n um b er of substituted nouns. F or example, assume that C i is separated in to t w o subsets, that the ratio of the substituted nouns for the subsets is 3:1, and that the acceptable rates for the subsets are 100% and 50%, resp ectiv ely . Then, the acceptable rate of C i is estimated as (100 � 3 + 50 � 1) = (3 + 1). The translatable rate of C i is also estimated in the same w a y . Strati�ed sampling do es not pro vide a w a y to separate Cluster i . the prop osed metho d, therefore, adopts an original tec hnique separating Cluster i in to subsets, whic h is decided step b y step as follo ws. F or example, when the total n um b er of substituted nouns in Cluster 2 is 40 under the same input as seen at the b eginning of this section, at �rst, allo cate the n um b er of substituted nouns ( the sample size ) in Cluster 2 among all of the siblings of C 3 ( Agents in Figure 2) according to the ratio of the n um b er 2 of lea v e that are descendan ts of eac h sibling of C 3 , for example, 3 : 1. In this example, the sample sizes for Palaces and Object b ecome 30 and 10, 2 These n um b ers are used as con v enien t indicators of seman tic div ersit y under eac h sibling. 12 resp ectiv ely . F or eac h sibling, allo cate the sample size of the sibling among all of the c hildren in the same w a y , un til the sample size is to o small, for example, equal to or less than 15. If the ratio of the n um b er of leaf-lev el descendan ts of Natural , Regions and Facilities is 2 : 1 : 3, then the sample sizes 3 for Natural , Regions , and Facilities b ecome 10 ; 5 ; and 15. Since the sample size of Object is less than 15, the sample size of Object is not allo cated among the c hildren: Animate and Inanimate . After this, for eac h c hild, allo cate the sample size of the c hild among all of the c hildren of the c hild recursiv ely , un til the sample size is to o small. Let S ( i; j ) ; (1 � j � L i ), hereafter, denote the seman tic categories whose sample sizes are not allo cated to their c hildren. In the example, L 2 = 4 and S (2 ; j )(1 � j � L 2 ) corresp ond to Natural , Regions , Facilities , and Object . S ( i; j ) ; (1 � j � L i ) are used as the subsets used b y the strati�ed sampling. The substituted nouns are selected from S ( i; j ) or descendan ts of S ( i; j ) in the order of frequency in use. The n um b er of selected nouns is the sample size for S ( i; j ). 3.2 Presen ting Queries and Getting Answ ers F or eac h S ( i; j ) ; (1 � j � L i ), the approac hes for searc hing sim ultaneously presen t the generated sen tences to lexicographers. This sim ultaneous presen tation prev en ts the lexicographers from misunderstanding the meanings of the substituted nouns. 3 When the sample size b ecomes a decimal as 13 : _ 3 (= 20 � 2 = 3), the decimal is rounded up. 13

Since all of the substituted nouns in the presen ted sen tences are categorized in a certain seman tic category , the lexicographers can easily guess the correct meaning of a substituted noun. The lexicographers judge whether eac h substituted noun can b e seman tically collo cated with the v erb of the SL side in the acquired SPP (Q1). If and only if this answ er is p ositiv e, they also judge whether the substituted noun can giv e a con text where the most plausible equiv alen t for the v erb of the SL side is the v erb of the TL side (Q2). The lexicographers mak e their determinations b y answ ering queries: (Q1) and (Q2). F or example, as explained in detail in Section 2, they answ er p ositiv e to b oth (Q1) and (Q2) for (2) and negativ e to (Q1) for (3). Moreo v er, they answ er p ositiv e to (Q1) and negativ e to (Q2) for (4). 3.3 Approac hes for searc hing for an appropriate category The three approac hes for searc hing di�er in the order in whic h they searc h for an appropriate seman tic category (Figure 3). The �rst t w o approac hes, the Bottom-up approac h and the T op-do wn approac h, are the same as a linear searc h. The last approac h, the Dic hotom y approac h, is the same as a binary searc h. F or con v enience in the follo wing explanation, let us de�ne that L M = 1 and S ( M ; 1) = C M . The Bottom-up approac h applies the ab o v e query strategy to eac h seman tic category in rev erse order of depth, C M ; C M � 1 ; � � � . When an ng-category is found, 14 this approac h stops searc hing and outputs the latest ok-category . The T op-do wn approac h applies the ab o v e query strategy to eac h seman tic cat- egory in order of depth, C 1 ; C 2 ; � � � . When an ok-category is found, this approac h stops searc hing and outputs that ok-category . The Dic hotom y approac h initially applies the ab o v e query strategy to the leaf and the ro ot in order. Next, this approac h prepares a candidate list, ( C 1 ; C 2 ; � � � ; C i ; � � � ; C M ) and applies the ab o v e query strategy to the seman tic category in the middle of the candidate list or to the lo w er seman tic category closest to the middle if a precisely cen tral seman tic category do es not exist. According to whether the seman tic category is an ok-category or not, the approac h revises the candidate list in the same w a y as a binary searc h do es. Then the ab o v e pro cedure b y using the up dated candidate list is rep eated. Consequen tly , the �rst and last elemen ts of the candidate list are alw a ys an ng-category and an ok-category , resp ectiv ely , after the ro ot and leaf seman tic categories are pro cessed. When the length of the candidate list b ecomes 2, the approac h stops searc hing and outputs the last elemen t. As men tioned ab o v e, the only task that lexicographers ha v e to do is to answ er eac h query . Consequen tly , the resulting categories follo w a sp eci�c generalization standard. After rep eatedly applying one of the approac hes for searc hing to eac h cor- resp onding input, the prop osed metho d can sp ecify all of the appropriate seman tic categories for eac h slot in the SPP . 15

T able 1: Sk eletons and sample sen tences for in teractiv e generalization No Sk eleton Category Sample Sen tence sp eci�ed man ually 1 N1 -ga N2-wo yomu \N1 read N2" Agents Chichi -ga hon-wo yomu \My father reads a b o ok" 2 N1-ga N2 -wo yomu \N1 read N2" Abstract Thing Chichi-ga hon -wo yomu \My father reads a b o ok" (Idea) 3 N1-ga N2 -wo yomu \N1 read N2" Spirit/Soul/Mind Chichi-ga houkokusho -wo yomu \My father reads a rep ort" 4 N1-ga N2-wo N3 -ni er abu \N1 elect N2 N3" Chief/President/ Juhmin-ga kar e-wo kaichou -ni er abu \Residen ts elect him their head" Manager 5 N1-ga N2 -de nyushou-suru \N1 win a prize in N2" Abstract Thing Kar e-ga Konkuhru -de nyushou-suru \He wins a prize in the con test" (Behavior) 6 N1-ga N2 -wo tatamu \N1 close N2" Facilities Chichi-ga mise -wo tatamu \My father closes his shop" 7 N2-ga N2 -wo unten-suru \N1 run N2" Machinery Chichi-ga hatsudouki -wo unten-suru \My father runs an electric dynamo" 8 N1-ga N2 -wo nageru \N1 thro w N2" Objects Chichi-ga b ohru -wo nageru \MY father thro ws a ball" 9 N1 -ga hanp atsu-suru \N1 reb ound" Economic system Kabusiki -ga hanp atsu-suru \Shares reb ound" 10 N1-ga N2 -ni tassuru \N1 rise to N2" Price/Cost Doru-ga saitakane -ni tassuru \The dollar rises to the highest lev el" 4 Exp erimen tal W ork The authors ev aluated the prop osed metho d on the three follo wing p oin ts. � Ho w di�eren t are the seman tic categories acquired b y the prop osed metho d from those man ually sp eci�ed b y lexicographers? � Are the seman tic categories acquired b y the prop osed metho d b etter than those man ually sp eci�ed b y lexicographers? � Ho w is the prop osed metho d able to con tribute to the acquisition of SPPs? 16

T able 2: Exp erimen tal Results: the relativ e p osition of the acquired seman tic cate- gory to that sp eci�ed man ually , the n um b er of paired queries: (Q1) and (Q2) (See Section 3.2) and the time sp en t No Di�erence # of paired Queries Time (M.) B T D B T D B T D 1 0 0 0 259 53 53 23 6 5 2 0 0 0 158 155 155 17 16 18 3 � 1 +3 +3 119 51 51 24 10 5 4 0 0 0 55 262 158 9 34 15 5 � 2 � 2 � 2 153 259 204 8 21 11 6 � 1 � 1 � 1 147 208 157 10 13 12 7 � 1 � 1 � 1 104 310 208 10 54 8 8 � 2 � 2 � 2 208 207 156 55 75 13 9 0 0 0 158 212 160 7 12 8 10 0 0 0 50 316 155 16 4 10 Av e. | | | 141.1 203.3 145.7 17.9 24.5 10.5 In order to ev aluate the ab o v e p oin ts, the authors attempted to acquire seman tic categories for SPPs whose if-parts corresp onded to the sk eletons in T able 1. The sample nouns inputted to the prop osed metho d are sho wn under the sk eletons. The target of the generalization is indicated b y underline. The seman tic hierarc h y used w as that of AL T-J/E as sho wn in Figure 2. The minimal acceptable rate and the minimal translatable rate w ere �xed at 2% and 80%, resp ectiv ely . The sample size for C i and the lo w er threshold of the sample sizes w ere 50 and 10, resp ectiv ely . Tw o lexicographers, who generated SPPs of AL T-J/E , participated in the exp erimen ts. Eac h seman tic category in the 3rd column indicates a seman tic category sp eci�ed man ually for the SPP corresp onding to the sk eleton in the 2nd column. T able 2 rep orts exp erimen tal results. The 2nd to 4th columns sho w the relativ e p osition of an acquired seman tic category in comparison to a seman tic category 17 man ually sp eci�ed. F or example, +1 or � 1 indicates that the acquired seman tic category is one seman tic category ab o v e the seman tic category man ually sp eci�ed or b elo w it, resp ectiv ely . Eac h n um b er in the 5th to 7th columns sho ws the n um b er of paired queries, i.e., (Q1) and (Q2), presen ted to the lexicographers. Eac h n um b er in the 8th to 10th columns sho ws the time sp en t for generalization of the sample noun to the target slot. B, T, and D on the 2nd line indicate that the approac h for the searc hing is, Bottom-up, T op-do wn, and Dic hotom y , resp ectiv ely . Through this exp erimen t, the follo wing things could b e found: � Although the prop osed metho d acquired di�eren t seman tic categories in �v e ro ws out of ten, the required seman tic categories whose relativ e p ositions w ere one or t w o b elo w w ere judged b y the lexicographers to b e b etter than those sp eci�ed man ually . This is b ecause man ual sp eci�cation to a translation exam- ple in their minds is v ery sensitiv e, ev en if the example b elongs to a minorit y of translation examples; accordingly , seman tic categories sp eci�ed man ually tend to b ecome o v er general. � The ab o v e consideration tells us that the Bottom-up approac h is the b est approac h for searc hing. The a v erage time sp en t w as 17.9 min ute. On the other hand, the lexicographers rep orted that the time sp en t b y man ual sp eci�cation w as 15 to 20 min utes on a v erage. The e�ciency of the prop osed metho d is, therefore, almost equal to that of man ual sp eci�cation as far as one compares 18 the time sp en t. Note that, although the trials using eac h approac h w ere done in the follo wing order: T op-do wn, Bottom-up, and Dic hotom y , the ratio of the n um b er of paired queries b et w een T op-do wn and Bottom-up w as almost equal to that of the time sp en t b et w een them. The lexicographers, therefore, did not remem b er the Q&A in the previous trial: the T op-do wn approac h, at lease when they mo v ed to the next trial: the Bottom-up approac h. 5 Conclusion This pap er prop osed a metho d to acquire appropriate seman tic categories to b e inputted in to eac h slot of an SPP b y using queries based on a seman tic hierarc h y . The queries ask whether the noun corresp onding to the target slot in presen ted sen tences can b e seman tically collo cated with the v erb in SL and ask whether the noun can also giv e a con text where the most plausible equiv alen t for the v erb in SL is the v erb of the TL side in the acquired SPP . The metho d allo ws lexicographers to acquire more plausible seman tic categories for SPPs b y simply answ ering the queries presen ted b y the metho d. References [1] H. Alm uallim, Y. Akiba, and S. Kaneda. On handing tree-structured attributes in decision tree learning. In Pr o c. ICML{95 , pages 12{20, 1995. 19

[2] K. W. Ch urc h and R. L. Mercer. In tro duction to the sp ecial issue on computational linguistics using large corp ora. Computational Linguistics , 19:1{24, 1993. [3] M. Dorna and M. C. Emele. E�cien t implemen tation of a seman tic-based transfer approac h. In Pr o c. ECAI{96 , pages 567{571, 1996. [4] S. Ik ehara, M. Miy azaki, S. Shirai, A. Y ok o o, H. Nak aiw a, K. Ogura, Y. Oo y ama, and Y. Ha y ashi. Goi-T aikei: A Jap anese L exic on (in Jap anese) . Iw anami Shoten Publisher, T oky o, 1997. [5] S. Ik ehara, S. Shirai, A. Y ok o o, and H. Nak aiw a. T o w ard an MT system without pre-editing- e�ects of new metho ds in AL T-J/E. In Pr o c. MT Summit-3 , pages 101{106, 1991. [6] G. A. Miller. W ordnet: a lexical database for English. Communic ations of the A CM , 38(11):39{ 41, 1995. [7] R. L. Sc hea�er, W. I. Mendenhall, and R. L. Ott. Elementary Survey Sampling (5th e d.) . Duxbury Press, California, 1996. [8] S. Shirai, S. Ik ehara, A. Y ok o o, and H. Inoue. The quan tit y of v alency pattern pairs required for Japanese to English MT and their compilation. In Pr o c. NLPRS{95 , pages 443{448, 1995. [9] H. T anak a. Decision tree learning algorithm with structured application to v erbal case-frame acquisition. In Pr o c. Coling{96 , pages 943{948, 1996. [10] T. Utsuro. Sense classi�cation of v erbal p olysem y based on bilingual class/class asso ciation. In Pr o c. COLING{96 , pages 968{973, 1996. [11] J. Y ang. T o w ards the automatic acquisition of lexical selection rules. In Pr o c. MT Summit-7 , pages 397{403, 1999. 20