Resolution of Zero Pronouns in Japanese instruction Man uals and its Application Mamoru Matsuo, T atsunori Mori, Hiroshi Nak aga w a Division of Electrical and Computer Engineering, F acult y of Engineering, Y ok ohama National Universit y 79-5 T okiw adai, Ho doga y a-ku, Y ok ohama, 240, JAP AN f mamoru,mori g @forest.dnj.ynu.ac.jp, nakagawa@naklab.dnj.ynu.ac.jp Abstract This pap er describ es a metho d of the zero pronouns resolution and shows the application of the metho d for estimating zero pronouns. In our related w orks, we hav e obtained the metho d of zero pro- nouns resolution which uses pragmatic prop erties of Japanese conditionals. W e built a system based on our metho d. With our system, we examine Japanese manual sentences, and we con�rmed that the metho d works e�ectively . More- ov er, for instance of application of the metho d, we show a manual bro wsing sys- tem which uses the information of sub- jects. 1 In tro duction F rom simple electrical appliances to complex com- puter systems, almost all machines are accom- panied by instruction man uals. Since recently there are many machines whose op erating pro ce- dures are complicated, we hav e muc h more trou- ble in many including translating their manuals into other languages, maintaining consistency b e- tw een the description in manuals and the actual b ehavior of the machines. T o solve these prob- lems, we hav e to hav e a computer assisted system for pro cessing manual sentences. In pro cessing in- struction manuals written in Japanese, ho w ev er, it is problematic that almost all sub jects are omit- ted. They are called ‘zero sub jects’. F or exam- ple, machine translation systems hav e to supply appropriate sub jects to translate sentences. It is also imp ortan t for intelligen t manual systems to grasp prop er sub jects, b ecause the information of sub ject is useful to show the users appropri- ate instructions. Therefore, we hav e fo cused on anaphora resolution of zero sub jects in Japanese manual sentences. A large num ber of researchers ha v e come to grip with the metho d of understanding some types of text including instruction manuals (Ab e et al., 1988; Nom ura, 1992; Eugenio, 1992). This type of metho d, which uses a large amount of domain knowledge, seems to b e dominan t from the view- p oint of disambiguation. Moreov er it scarcely de- p ends on the language in use, b ecause the wa y of disam biguation is based on the inference with a certain knowledge base. On the other hand, in order to use this metho d, we hav e to prepare the amoun t of knowledge b eing large enough to cop e with v arious types of describ ed ob jects. Unfortu- nately , so far we hav e not had such a commonsense kno wledge base. One of the w a ys to get rid of this situation is to adopt some knowledge which is indep endent of an y particular domain. As such a kind of knowl- edge, we pay atten tion to pragmatic constraints, whic h hav e not b een used su�ciently in the former metho ds. W e exp ect that owing to pragmatic con- strain ts the ambiguit y in manual sentences would b e resolved to some exten t not in the pro cess of inference but in the pro cess of the translation of man ual sentences into seman tic representations. W e do not commit ourselves to the domain sp e- ci�c knowledge, but use some ontological knowl- edge of ordinary manuals. F or example, the cor- resp ondence of ob jects in the manual sentences to the ob jects in linguistic constraints, namely lin- guistic roles like the sp eaker, the hearer, and so on. Note that the ontology in this pap er do es not refer to all of the ob jects in the w orld describ ed by man uals, like a certain part of machine. Aiming at indep endence from the domain knowledge of ob jects, w e adopt one of general ontologies which is applicable to almost all manuals. In this pap er, we hav e paid our atten tion to conditionals to capture pragmatic constraints. W e will show that constraints of conditionals are use- ful for identi�cation of zero sub jects. W e built a system based on constraints of conditionals, and examined the e�ectiveness of the system. More- o v er, we study the application of the metho d for estimating zero sub jects. As a instance of ap- plications, we will sho w a man ual bro wsing sys- tem which displays user’s op erations and the re- sp onses of machines related to the op erations in t w o columns separately . Now we hav e to de�ne the term ‘ SUBJECT ’ which w e used in this pap er. W e use the term ‘ SUBJECT ’ to denote the main participant of the sentence, namely ether the agent or the surface sub ject (in the case where the agent is not de�ned).

2 Zero pronouns in man ual sen tences Let’s consider the follo wing Japanese sentence. (1) � 1 kono-botan-o osu -to, � 1 - nom this-button- acc push - TO � 2 der -are -mas -u. � 2 - nom go out -can - pol - nonp ast . If � 1 push(es) this button, then � 2 can go out. Native sp eakers of Japanese ha v e the following in- tuitive interpretation for (1) without an y sp ecial context. (2) � 1 = � 2 = the hearer(=the user) Here, ‘ TO ’ is a Japanese conjunctive particle which represents a causal relation, and ‘ARE’ shows abil- ity or p ermission. The symbol � denotes a zero pronoun. On the other hand, the following sentence, which do es not hav e the su�x ‘ ARE ’, has a dif- ferent interpretation. (3) � 3 kono-botan-o osu -to, � 3 - nom this-button- acc push - TO , � 4 de -mas -u. � 4 - nom come out - pol - nonp ast . 1 If � 3 push(es) this button, then � 4 will come out. The zero pronoun � 4 refers to not the hearer but the mac hine, even though � 3 refers to the user as well as (1). Note that when only the matrix clause of (3) is used shown in (4), � 5 can b e interpreted as either the hearer or the machine. (4) � 5 de -mas -u. � 5 - nom go out - pol - nonp ast . � 5 will go out. These example show that the expressions TO and ARE imp ose some constraints on the referen ts of SUBJECTS of the sentences. As describ ed so far, there are man y cases that linguistic expressions give us key information to resolve some t yp e of ambiguit y lik e the anaphora of zero pronouns. 3 General on tology of man uals W e should consider tw o types of information as the parts of ontology: the prop erties of the ob- jects in manuals and the discourse situation that is characterized b y linguistic roles like a writer and a reader. They are combined into the constraint of p ersons as follows. Constraint 1 First Person = M anuf actur er Second P erson = U ser Third Person = M achine 1 The English translation of ‘ DERU ’ in (1) is di�erent from the translation in (3). It is due to the di�erence of the viewp oint b etw een Japanese and English. The di�erence has no e�ect on the selection of zero pronoun’s referent. 4 Semantics of Japanese conditionals Japanese has four conditional particles, TO , REBA , T ARA , NARA , which are attached to the end of sub- ordinate clauses as describ ed in (1). The sub or- dinate clause and the matrix clause conjoined b y one of these particles corresp ond to the an teceden t and the consequence, resp ectively . The di�erence of constrain ts of these expressions are shown in the following sen tences, which are the v arian ts of the sentence (3). (5) � 6 kono-botan-o ose -ba, � 6 - nom this-button- acc push - REBA � 7 de -mas -u. � 7 - nom come out - pol - nonp ast . If � 6 push(es) this button, then � 7 will come out. (6) � 8 kono-botan-o osi -tara � 8 - nom this-button- acc push - T ARA � 9 de -mas -u. � 9 - nom come out/go out - pol - nonp ast . If � 8 push(es) this button, then � 9 will come out/go out. (7) � 10 kono-botan-o osu -nara � 10 - nom this-button- acc push - NARA � 11 de -mas -u. � 11 - nom come out/go out - pol - nonp ast . If � 10 push(es) this button, then � 11 will come out/go out. As well as the sentence (3), for Japanese na- tiv e sp eakers, the SUBJECT of the matrix clause of (5)( � 7 ) should b e a machine. On the other hand, in the case of the sentence (6) and (7), the SUB- JECT of the matrix clauses( � 9 , � 11 ) can b e either users or machines. These phenomena probably due to the nature of each conditionals (Masuok a, 1993). Since a causal relation, whic h is shown by TO or REBA , expresses a general rule, the conse- quence cannot include sp eaker’s attitude, like v o- lition and request. Therefore, the SUBJECT of the matrix clause should b e a machine. In contrast, in the case of assumptions, that is T ARA and NARA , there are no such restrictions on the SUBJECT . Based on these observ ation, Mori et al.(Mori et al., 1997) prop ose the defaults of SUBJECTS of sen tences with these conditionals. Default 1 ( SUBJECT of sentence with TO or REBA ) The matrix clause do es not expr ess user’s voli- tional action. Ther efor e, the SUBJECT of the ma- trix clause is a machine, if the pr e dic ate of the matrix clause is able to expr ess user’s volitional action. Default 2 ( SUBJECT of sentence with T ARA or NARA ) The matrix clause expr esses only user’s volitional action. Ther efor e, the SUBJECT of the matrix clause is a user. Since they dep end on the volitionalit y of the v erb whether a sentence sho ws a sp eaker’s atti- tude or not, the defaults are describ ed in terms of volitionalit y of each verb. Note that the elec- tronic dictionary IP AL pro vides the information of volitionalit y for each Japanese verb entry(IP A, 1987). According to the classi�cation in IP AL, all of Japanese verbs are classi�ed into tw o types, volitional verbs , which usually express inten tional actions, and non-volitional verbs , which express non-inten tional actions. Although non-volitional verbs express non-volitional actions only (type NV, henceforth), some of volitional verbs hav e not only volitional use but also non-volitional use (type NV/V, henceforth). The rest of voli- tional verbs express volitional actions only (type V, henceforth). Ho w ev er, it is problem that IP AL has at least the following ambiguities. � Polysem y of lexical entries. � V olitionalit y of the type NV/V. 5 Disambiguation of volitionalit y The applicability of the defaults describ ed in the last section dep ends on the volitionalit y of the matrix clause. Therefore we should determine whether the predicate of matrix clause is in vo- litional use or not. W e mentioned v olitionalit y of verbs in section 4. Of course, the classi�cation of verbs do es not cov er all expressions of predicates in Japanese manuals. There are many expressions which a�ect v olitionalit y of sentence, such as an asp ect expressions, adjective and so on. There- fore w e classify expressions, which are used in real Japanese manuals, in terms of volitionalit y . Secondly , we solve the ambiguit y of IP AL. V o- litionality of verbs should b e determined with IP AL. How ev er, there is a problem that IP AL has p olysemous entries as men tioned in section 4. F or example, as for Japanese verb ‘ MODORU ’(come back), IP AL has sev en di�eren t en tries. The en- tries are classi�ed b y the delicate nuance of mean- ing of MODORU , and the v olitionalities of them are not the same. That is, 3 en tries are classi�ed into the t yp e NV, 1 entry is classi�ed into the type NV/V, and 3 en tries are classi�ed type into the V. Because of this ambiguit y , we can not apply the default rules of ‘ TO ’ or ‘ REBA ’. W e may hav e to solve this ambiguit y according to the meaning of v erb in the con text, but it is very di�cult. Therefore we adopt an approximation, that is, a simple default rule based on the statistics of volitionalit y . W e examine the tendency of use of verbs in real Japanese manual sen tences with resp ect to their volitionalit y . That is, w e classi- �ed verbs in terms of volitionalit y based on the judgment by human, and w e chec k ed out the re- lation b etw een the classi�cation in IP AL and one by human. The examination shows that almost all of the verbs which hav e the volitional use ex- press only volitional actions even if they also hav e non-volitional use. The verbs which hav e the volitional use like the verb ‘ MODORU ’ are judged volitional actions at the rate of 78%. F rom the result, we prop ose the following default. Default 3 (V olitionalit y of verbs) In Jap anese manuals, verbs which have the vo- litional use expr ess volitional actions even if they have multiple entries. 6 Zero SUBJECTS determination system W e built a system based on the defaults mentioned in the previous sections. This system consists of follo wing tw o parts. � Morphological analysis � SUBJECTS determination W e use JUMAN 2 for morphological analysis. First of all, Japanese manual sen tences are ana- lyzed by JUMAN, and the analyzed morphemes are transfered to the SUBJECTS determination part. Determination part applies defaults to man- ual sentences with the conditional to determine SUBJECT . The pro cess of each sentence is shown as follows. 1. Search for conditionals in morphemes. 2. If a conditional is found, search for expres- sions which a�ect v olitionalit y from the end of the sentence to b eginning in order to �nd the predicate of the matrix clause. 3. If the conditional is either TO or REBA , chec k the volitionalit y of the predicate. 4. Apply applicable default(s). Note that our system do es not parse sentences fully . Therefore, the system can pro cess many Japanese Manual do cuments in a short time. 7 Ev aluation of Zero SUBJECTS Determination System In this section, we examine p erformance of our zero SUBJECTS determination system. The follow- ing are test examples: a home use VCR, a video game machine, a b eep er, Japanese morphologi- cal analysis system JUMAN and Natural language parsing system SAX. F rom these manuals, our system found 175 sen- tences with TO , 41 sentences with REBA , 11 sen- tences with T ARA and 5 sentences with NARA . 7.1 Sentenc e with TO As for 175 sen tences with TO , there are 99 sen- tences whose predicates of the matrix clauses are pro cessed as v olitional actions. Default 1 is ap- plied to these 99 sen tences, and the SUBJECTS of matrix clauses are estimated to b e Machine. Among the 99 sentences whose SUBJECTS of ma- trix clauses are identi�ed as Machine, we examine the correctness of the estimation according to the h uman’s judgment. T able 1 shows the result of the v eri�cation for the 99 sentences to which Default 1 is applied. The term ‘Correct’ means that the judgmen t by human for zero SUBJECTS of matrix clauses is also Mac hine. The term ‘W rong’ means

T able 1: Application of Default of TO Correct W rong T otal Sentences with TO (total) 83 83.8% 16 16.2% 99 100% SUBJECTS are omitted 68 81.0% 16 19.0% 84 100% that the judgment by human is User. Default 1 of TO successfully determined zero SUBJECTS in man- ual sentences with TO with the precision of 81.0%. The precision of estimation for all sentences with TO is 83.3%. There are 16 sen tences whose SUBJECTS of ma- trix clauses are determined wrongly . These 16 sen- tences are classi�ed in to tw o types. The �rst type is the group of sentences which hav e more than 2 clauses and whose clauses re- lated to conditionals are identi�ed wrongly . (8) � 12 dengen-o on-ni-suru -to, � 12 - nom switch- a cc turn(s) on - TO , hiita-ga hataraki mas u no de heater- nom work(s) - pol - nonp ast so � 13 juubunn-ni � 14 k ansousase-te k ara � 13 - nom well � 14 dry after � 15 � 16 o-tuk ai kudasai. � 15 - nom � 16 - acc pol -use(s) pol . If � 12 (=User) turn(s) on switch, then the heater will w ork. So � 15 (=User) use(s) � 16 (=Machine) after � 13 (=User) dry(es) � 14 (=Machine) w ell. Our system applies Default 1 to ‘ � 15 use(s) � 16 ’, and estimate � 15 to b e Machine. This type of fault is caused by the metho d of identi�cation of matrix clause. The sen tence (8) of Japanese consists of the following 4 clauses. 1. � 12 turn(s) on switch. 2. the heater will works. 3. � 13 dry(es) � 14 well. 4. � 15 use(s) � 16 . Our system searches a sentence from the end to the b eginning of sentence for the predicate of ma- trix clause. Since our system do es not parse sen- tences, it wrongly identi�es ‘use’ as the predicate of matrix clause, and � 15 is estimated to b e Ma- chine according to Default 1. How ev er, (8) sho ws the correct pair of the conditional is the following part. (9) If � 12 (=User) turn(s) on switch, then the heater will works. It is ‘the heater will works’ that our system should apply Default 1 to, and the SUBJECT of the clause is ‘the heater’. Since the heater is the part of the Machine, (8) is not an exception of Default 1, There are 7 sen tences of this type of failure. 2 JUMAN is the Japanese morphological analysis sys- tem which is developed by ‘Nara Institute of Science and T ec hnology’ and ‘Kyoto Universit y’. The second type is the group of sentences whose w ord of conditionals hav e another interpretation. This type of failures is by p olysemous words like the followings. 1. The word ‘to’ can b e interpreted not only as the conditional we are considering but also the p ostp ositional particle of quotation. 2. The word ‘are’ is interpreted as b oth the abil- it y expression and the passive expression. The case 1 is a type of sentence which is in ter- preted in 2 wa ys as follows. (10) ‘Bunnmatsu’-to yobareru ‘the end of sentence’- quote b e called k eitaiso-ga aru -to morpheme- nom there is - TO � 17 k ateisuru. � 17 - nom make an assumption. If there is the morpheme called ‘the end of sen tence’, then � 17 (=Machine) will make an assumption. (11) ‘Bunnmatsu’-to yobareru ‘the end of sen tence’- quote b e called k eitaiso-ga aru -to the morpheme-Nom there is - quote � 18 k ateisuru. � 18 - nom assume. � 18 (=W e) assume that there is the morpheme called ‘the end of sentence’. In the sentence (10) the second ‘to’ expresses the conditional, and � 17 , which is the SUBJECT of ma- trix clause, is estimated to b e Machine with De- fault1 successfully . On the other hand, in the sen- tence (11) the second ‘to’ expresses the quotation, and � 18 , which is the SUBJECT of matrix clause, ex- presses ‘we’(=Man ufacturer and User). The sen- tences (11) and (10) sho ws that the interpretation of the SUBJECTS of the matrix clause dep ends on the interpretation of the word ‘to’. Our system ap- plies Default 1 to matrix clause and estimates the SUBJECT of matrix clause to b e Machine wrongly , b ecause it can not deal with the ambiguit y of word meaning. According to the context, the interpre- tation of this sentence should b e (11). That is, this is not a sen tence with conditionals, and Default 1 should not b e applied to the sentence. There are 7 sentences of this type of failure. The case 2 is a type of sentence which is in ter- preted in 2 wa ys as follows. (12) � 19 ‘+’b otan-o osu -to � 19 - nom ‘+’ button- acc push(es) - TO � 20 saisei-no-hay asa-o � 20 playbac k sp eed- acc k aer are mas -u. c hange can - pol - nonp ast If � 19 (=User) push(es) ‘+’ button, then � 20 (=User) can change the playbac k sp eed. (13) � 21 ‘+’b otan-o osu -to � 21 - nom ‘+’button- acc push(es) - TO saisei-no-ha y asa-o k aer are pla ybac k sp eed- acc change - p ass by � 22 mas -u. - pol - nonp ast If � 21 (=User) push(es) this button, then playbac k sp eed will b e changed by � 22 (=Mac hine). This is the same type as the sentence which is shown in (1). In fact, this type of sen tences is interpreted in 2 wa ys as sho wn in (12) and (13). In the sen tence (12) the word ‘are’ expresses the ability , and � 20 , which is the SUBJECT of the ma- trix clause, is interpreted as User. On the other hand, in the sentence (13) shows that ‘are’ ex- presses the passive, and � 22 , which is the SUBJECT of the matrix clause, is estimated to b e Mac hine. Since our system do es not hav e the ability expres- sion currently , it applies Default 1 to the matrix clause and estimates the SUBJECT of the matrix clause to b e Machine wrongly . According to the context, the interpretation of the sentence should b e (12). That is, Default 1 should not b e applied to the sen tence, since the predicate of the matrix clause is a non-volitional expression. There were 2 sentences of this type of failure. 7.2 Sentenc e with REBA As for 41 sentences with REBA , there are 11 sen- tences whose predicates of the matrix clauses are pro cessed as volitional actions, and the SUBJECTS of the matrix clauses are estimated to b e Machine according to Default 1. Among the 11 sentences whose SUBJECTS of ma- trix clauses are estimated to b e Machine, we ex- amine the correctness of the estimation according to the human’s judgment. As T able 2 shows, De- T able 2: Application of Default of REBA Correct W rong T otal Sentences with REBA (total) 9 81.8% 2 18.2% 11 100% SUBJECTS are omitted 8 80.0% 2 20.0% 10 100% fault 1 of REBA successfully determined zero SUB- JECTS of manual sentences with REBA with the pre- cision of 80.0%, although there are only 8 exam- ples. The precision of estimation for all sentences with REBA is 81.8%. Next, let us consider 2 sentences whose SUB- JECTS of matrix clauses are determined wrongly . First one is the same type of sentences as (12) and (13). Second one is one of the exceptions of Default 1 as follo ws. (14) hinshi-sai-bunrui-ga are -ba detailed POS- nom there is - REBA � 23 hinshi-sai-bunrui-mei-o � 23 name of detailed POS- acc kijutusur -u. make an entry of - nonp ast If there is a detailed POS is existent, then � 23 (=User) mak e the entry of the name of the detailed POS. Our system applies Default 1 to the matrix clause and estimates � 23 to b e Mac hine. How ev er, the correct interpretation is that � 23 is User. This fault is due to the prop ert y of REBA , which is not to ok into account in Default 1. When the sub- ordinate clause of sentence with REBA describ es not an action but a state, the matrix clause can express not only machine’s action but also user’s v olitional action (Masuok a, 1993). Since the sub- ordinate clause of the sentence (14) shows some kind of state, the matrix clause can express user’s v olitional action and, in fact, the interpretation is the user’s volitional action according to the con- text. 7.3 Sentenc e with T ARA Default 2 is applied to all 11 sen tences with T ARA , since the application of Default 2 do es not dep end on the predicate of the matrix clause, and the SUB- JECTS of matrix clauses are identi�ed as User. W e examine the correctness of the estimation according to the human’s judgmen t. As T able 3 sho ws, Default 2 of T ARA determined all SUBJECTS of matrix clauses correctly . This result shows that T able 3: Application of Default of T ARA Correct W rong total Sentences with T ARA (total) 11 100% 0 0% 11 100% SUBJECTS are omitted 11 100% 0 0% 11 100% Default 2 of T ARA works e�ectiv ely . 7.4 Sentenc e with NARA Default 2 describ es that the matrix clause of sen- tence with NARA expresses only user’s volitional action. Although, we hav e only 5 sentences with NARA in the examples, there are 3 sentences whose matrix clauses express user’s volitional action. W e also hav e other 9 sentences with NARA which is found in the pro cess of �nding the default, and w e found 5 sentences in this examination. That is, we hav e 14 sentences with NARA . Among these 14 sen tences, there are 11 sentences (78.6%) whic h express user’s v olitional action in the ma- trix clauses. Although Default 2 seems to work w ell, there is ro om for some further examination of Default 2 of NARA . 8 An application of information of SUBJECTS to manual browser With the system mentioned ab ov e, w e can ob- tain the prop er referents of the zero SUBJECTS in the matrix clauses of conditionals systematically . Of course, although not all referen ts of zero SUB- JECTS can b e solved by the default for condition- als, we hav e already had new defaults and con- strain ts to solve the remaining referents of zero sub jects(Mori et al., 1997). As one of e�ective applications of information of SUBJECTS , we con- sider utilizing the information of SUBJECTS in a man ual browsing system. In general, the instruction manuals consist of some serieses of user’s op erations and mac hine’s resp onses to them. In ordinary manuals written

Figure 1: Manual browsing system (The left side shows the normal browsing. The right side shows the browsing in the separation mo de. User’s op erations can b e seen in the left column in the right side, and the resp onses of machine to the op erations are in the righ t column.) on pap er, all of the serieses are written only from the viewp oint of the order of time. How ev er this type of man uals is hard for users to understand, since users do not hav e a clear grasp of what they should do. That is, it is necessary to emphasize the user’s op eration. Therefore we use informa- tion of SUBJECTS for the manual browser to do that. F or example, the manual browser which uses the information of SUBJECTS can sho w selectively a series of user’s op erations, that is, the browser can show only what a user should do to accomplish his purp ose. F urthermore, the manual browser can show user’s op erations and the resp onse of the machine in tw o columns. In order to realize this type of browsing, the information of SUBJECTS , which are obtained our system, should b e enco ded in the manuals. W e adopt SGML for enco ding. W e built a manual browsing system based on the ame work describ ed ab ov e. Figure 1 shows an example display of our browsing system. If ‘Separate’ button, which is on the left side of Fig- ure 1, is pushed, the browsing system shows users op erations and the resp onse of the machine sepa- rately like righ t side of Figure 1. 9 Conclusion W e show that w e can determine the referents of zero pronouns by linguistic constraints of the Japanese Conditionals, and the defaults of TO , REBA and T ARA works e�ectiv ely . This metho d uses only the linguistic constraints and the gen- eral ontology of the world describ ed by manuals. Moreov er, for instance of application of SUBJECTS , we show the manual browsing system which dis- play user’s op erations and machine’s resp onse to them separately according to the SUBJECTS . Ho w ev er, as for NARA , the constraint do es not work well. Therefore, There is ro om for some fur- ther examination ab out the constraint of NARA . W e should examine other types of manual sen- tences. References Norihiro Ab e, T omohiro Ishik a w a, and Tsuji Saburo. 1988. Generating an assem bly pro- cedure from assembly instruction. Journal of Jap anese So ciety for Arti�cial Intel ligenc e , 3(5):590{598, September. (in Japanese). Barbara Di Eugenio. 1992. Understanding natu- ral language instructions: The case of purp ose clause. In Pr o c e e dings of 30th Annual Me eting of ACL , pages 120{127. IP A T ec hnology center, 1987. The lexi- c on of the Jap anese b asic verbs for Com- puters . Information-technology Promotion Agency(IP A), Japan, March. (in Japanese). T ak ashi Masuok a, editor. 1993. Nihongo- no Joken-Hyo gen (Conditional Expr essions in Jap anese) . Kurosio Publishers, T oky o. (in Japanese). T atsunori Mori, Mamoru Matsuo and Hiroshi Nak aga w a. 1997 Constraints and Defaults on Zero Pronouns in Japanese Instruction Man uals Pr o c e e dings of ACL’97 Workshop: Op er ational F actors in pr actic al, r obust, anaphor a r esolution for unr estricte d texts , pages 7{13,July . Hirosato Nomura. 1992. Linguistic analysis of la w sentences. In Pr o c e e dings of the 6th Interna- tional Symp osium: L e gal Know le dge and L e gal R e asoning Systems , pages 10{18. Legal Exp ert System Asso ciation, Octob er.