A CQUISITION OF TRANSLA TION R ULES FR OM P ARALLEL CORPUS Y uji Matsumoto Mihok o Kitam ura Graduate Sc ho ol of Information Science Nara Institute of Science and T ec hnology T ak a y ama, Ik oma, Nara 630-01, Japan f matsu, mihok o-k g @is.aist-na ra.ac.jp Abstract Mac hine translation is one of the imp ortan t applications of natural language pro cessing tec hniques and has b een w ork ed out for practical use. How ev er, there is the problem of ho w w e should acquire the information needed for translation, suc h as grammar rules and lexical rules. This pap er presen ts a metho d for automatic acquisition of lexical information for mac hine translation, esp ecially lexically dep endent translation rules. The acquisition pro cess uses the similarit y measure of w ord pairs obtained from a mac hine readable bilingual dictionary and the one obtained statistically from parallel corpus. P airs of translation examples are syn tactically analyzed and are represen ted as (disjunctiv e) dep endency graphs. Structural matc hing is done based on the similarity measure b et w een subgraphs that is de�ned from the similarit y b et w een word pairs. Tw o t yp es of translation rules are then acquired according to the t yp es of the matc hing results. The rule t yp es are: 1) w ord selection rules, and 2) fused or idiomatic translation rules. The exp erimen tal result using 36,000 sen tences sho ws that this metho d is useful for obtaining rules and patterns for translation.

1 In tro duction Mac hine T ranslation has a long history and has b een most practically studied in the �eld of natural language pro cessing. The ma jor problems are ho w to build or acquire the kno wledge of translation, or translation rules, and how to apply suc h kno wledge to real systems without su�ering from unexp ected side-e�ect phenomena. One prop osal to cop e with those problems is, unlike traditional rule based approac hes to translation, to use translation examples directly without relying on explicit translation rules, called example based translation [Sato 90] [Sumita 90]. The idea b ehind this metho d is to mak e translation b y referring to the sample translation that giv es the b est similarit y to the giv en sen tence. The k ey tec hnique is to de�ne the similarit y and to iden tify examples with the b est similarit y . The curren t example based translation systems assume the examples b e in a certain syn- tactic structure, suc h as argument structures of v erb phrases or PP-mo di�ed noun phrases. They also assume that the examples are syn tactically analyzed b eforehand. The imp ortan t problems will b e that it is not easy to collect suc h syn tactically analyzed examples and that it is not exible to con�ne input sentences b e in a certain syn tactic patterns. Example based translation should b e adaptive to far broader t yp es of syn tactic structures. F urthermore, a systematic w a y to accumulate analyzed examples should b e in v estigated. This pap er presen ts a metho d to acquire translation rules in a more exible sense from a parallel corpus. T ranslation rules in this pap er refer to w ord selection rules and translation templates that represen t phrasal or m ulti-phrasal translation rules. A translation template can b e regarded as an idiomatic translation rules. Ho w ev er, as translation rules, the sense of idiomatic expression v aries from language to language. Moreo v er, ev en in a single language, idiomatic expressions hav e to ha v e di�eren t de�nition in some sp eci�c domain. There ha v e b een a n um b er of w orks for sen tence alignment of bilingual texts [Brown, et al. 91] [Gale et al. 91] [Ka y 93], giving a v ery go o d results in �nding corresp ondence at sen tence lev el. W e assume in this pap er that sen tence lev el alignmen t has b een done in bilingual cor- p ora. W e curren tly ha v e an aligned Japanese-English translated sentences extracted from a Japanese-English dictionary . W e prop osed a metho d of acquiring translation rules based on a tec hnique of structural matc hing of parallel sen tences. P arallel corpus is �rst used to acquire similarity measure of w ord pairs b et w een t w o languages. Then, parallel sen tences are structurally matc hed ac- cording to the similarit y measure. Using a thesaurus as a seman tic classi�cation, translation rules are constructed from the matched results. 2

2 Matc hing P arallel Sen tences W e assume that sen tence-lev el alignmen t has b een done on the parallel corpus. W e �rst de�ne the similarity measure b et w een w ord pairs of the t w o languages, and then sho w the structural matc hing of corresp onding sen tences, from whic h translation rules are acquired. W e fo cus on a bilingual corpus of Japanese and English. 2.1 W ord-w ord similarit y b et w een t w o languages There are t w o sources for obtaining similarit y measure b etw een word pairs of Japanese and English: 1) mac hine readable bilingual dictionaries, and 2) the bilingual corpus itself. W e de�ne the similarity of a pair of Japanese and English words as a n umeral v alue b et w een 0 and 1. A t presen t, w e put v alue 1.0 to the translation pairs obtained from mac hine readable dictionaries: sim ( h w J ; w E i ) = 1 ( h w J ; w E i 2 T p ) where T p is the set of translation pairs taken from bilingual dictionaries. Man y w ord pairs that are in some sense similar often do not app ear in bilingual dictio- naries simply b ecause they are not exact translation. Some exible measure of similarit y b et w een word pairs are indisp ensable in �nding out correct structural matc hing that is sho wn in the next section. F urthermore, word-w ord similarit y v aries according to the domain of the corpus. W e, therefore, extract w ord-w ord similarit y from the bilingual corpus itself. The basic calculation metho d of the similarity is tak en from [Ka y 93]. Unlik e their metho d, w e prepro cessed the corpus b y analyzing it morphologically to obtain the base form of the w ords. W e did not tak e their part-of-sp eec h in consideration since there is not necessarily a clear corresp ondence of part-of-sp eec h b etw een Japanese and English words. The similarit y of a pair of a Japanese w ord and an English w ord is de�ned b y their total o ccurrences and co-o ccurrences in the corpus as follows: sim ( h w J ; w E i ) = 2 f j e f j + f e where f j and f e are the total n um b ers of o ccurrences of the Japanese w ord w J and the English w ord w E , and f j e means the total n um ber of co-o ccurrences of w J and w E , that is, the num b er they app ear in corresp onding sen tences. Some example of the similarit y measure tak en from our bilingual corpus is sho wn in T able 1. 2.2 Disjunctiv e graph represen tation of sen tences A corresp onding pair of Japanese and English sen tences are parsed with LF G-lik e grammars resulting in feature structures. W e do not use an y seman tic information, and solely syntactic 3 w J w E sim ( w J ; w E ) f j f e f j e $o $+ $k kno w 0.1659292 359 545 75 $o $+ $k understand 0.22921348 359 86 51 %@ %$ %d sc hedule 0.15384615 10 16 2 %@ %$ %d diamond 0.69565217 10 13 8 %A !< %: c heese 0.8 2 3 2 %A !< %‘ team 0.90434783 55 60 52 %A %C %W tip 0.22222222 2 16 2 %F !< %W tap e 1 3 3 3 T able 1: A sample list of similarit y measure information is used for the analysis. When a sentence inv olv es syn tactic am biguit y , the result is represen ted as a disjunctiv e feature structure. A feature structure can b e regarded as a directed acyclic graph (D A G). In the subsequen t pro cess of structural matc hing, we use the part of the DA G that relates con ten t w ords (suc h as nouns, verbs, adjectiv es and adv erbs). The resulting D A G re ects the dep endency relation b et w een the con ten t w ords in the sen tence. W e start with a pair of (disjunctiv e) dep endency graphs of Japanese and English sen tences and �nd out the most plausible graph no de matching b et w een them. The plausibilit y is de�ned from the similarit y measure of w ords app earing in the sen tences. 2.3 Similarit y b et w een subgraphs The similarit y b et w een word pairs is extended for de�ning the similarit y b et w een subgraphs in the graph represen tation of parallel sen tences. Although the basic de�nition and algorithm is tak en from [Matsumoto et al. 93], the similarity measure of words and subgraphs are substan tially rede�ned. The similarit y b et w een t w o subgraphs is de�ned b y the sets of con ten t w ords app earing in them. Let s and t b e subgraphs of the dep endency graphs of Japanese and English sen tences, and V s and V t b e the sets of con ten t w ords in s and t . Assume without loss of generalit y that the size of V s is not larger than that of V t . W e in terc hange V s and V t when j V s j > j V t j . T aking an arbitrary injection p from V s in to V t ( p : V s ! V t ), a set of pairs is de�ned b y eac h of suc h p ’s. D p = n h w ; p ( w ) i j w 2 V s o Then, w e de�ne the av erage similarit y of w ords in the subgraphs as the a v erage of the maximal v alue of p ossible matc hing b et w een w ords in the subgraphs: 4

Av er ag eS im ( h s; t i ) = max p n P d 2 D p sim ( d ) o j V s j In the o v erall matc hing of the dep endency graphs of corresp onding Japanese and English sen tences, w ords with high similarit y should get a �ne grained matc hing while w ords with lo w similarit y should not get matched. In case a pair of words with lo w similarit y are to b e matc hed due to syntactic constrain t, they should b etter get matched coarsely . The reason is that while a pair of w ords with lo w similarit y are rarely matched at the word lev el they ma y b e matched at the phrasal lev el, esp ecially in idiomatic expressions. T o de�ne the similarit y b et w een subgraphs, w e pre-determine a threshold v alue of sim- ilarit y . Then, a pair of w ords with a similarit y greater than the threshold are considered really similar, and the one with a similarit y less than the threshold are considered dissimilar. By referring to the threshold v alue as T h 1 , the similarit y b et w een the subgraphs s and t is de�ned b y the follo wing expression: sim ( h s; t i ) = T h + Av er ag eS im ( h s; t i ) � T h j V t j + j V s j � 1 ! � j V s j The branc h-and-b ound algorithm is emplo y ed for searc hing the subgraph matc hing that giv es the highest similarit y v alue as the whole, the detail of which is omitted for the space limitation. Some exp erimen tal results are found in Figure 1. Dotted circles show subgraphs in the dep endency graphs and bidirectional arro ws sho w the matc hes b et w een subgraphs. In the upp er example, a precise w ord level matc hing is obtained, while a subgraph matc hing is found in the lo w er. 3 Acquisition of T ranslation Rules 3.1 T yp es of translation rules and metho d of acquisition After accum ulating structurally matc hed translation examples, translation rules are acquired b y generalizing the examples. W e are w orking on acquiring t w o t yp es of translation rules. In either case, w e fo cus on a subgraph together with its p eripheral subgraphs and their corresp onding subgraphs. When the top subgraph consists of a single con ten t word, w e regard that the corresp ond- ing subgraph sho ws a p ossible translation of the w ord. F or instance, the upp er graph of Figure 1 shows that a p ossible translation of the w ord \ $+ $1 $k " is \put" in this case. 1 In the exp eriments w e set T h = 0 : 1. 5

English: I put a k ettle on the sto v e. Japanese: ;d - $O %9 %H !< %V - $K $d $+ $s - $r $+ $1 $k I - TOP sto v e - LOC k ettle - ACC ’k ak eru’ English: I call him. Japanese: ;d - $O H‘ - $K EE OC - $r $+ $1 $k I - TOP him - DA T telephone - A CC ’k ak eru’ Figure 1: Samples of structural matc hing 6

On the other hand, when the top subgraph con tains more than one con ten t word, w e regard it as a fused, or idiomatic, expression. The low er example in Figure 1 sho ws that the phrase \ EE OC $r $+ $1 $k " can b e translated in to a single English w ord \call". Of course, the translation is in uenced b y the p eripherals, i.e., the w ords that directly connected with the subgraph. W e try to generalize the p eripheral information from the collected matc hes so as to iden tify the exact con texts in whic h a certain translation rule is e�ectiv e. Accordingly , w e make a simple categorization of the translation rules: 1) the top subgraph consists of a single w ord, and 2) the top subgraph consists of more than one w ord. The former cases are used to acquire w ord selection rules, and the latter are used to acquire fused or idiomatic translation rules. In the next section w e fo cus on acquiring Japanese-English translation rules related with Japanese v erbs and v erb phrases. Since the structural matc hing is irrelev an t to the direction of translation, the same tec hnique is usable to acquire English-Japanese translation rules. Also, note that an y part in the matc hed examples are usable for rule acquisition. Acquisition of w ord selection rules for nouns or noun phrases can b e done b y concen trating on the subgraphs headed by nouns. 3.2 Exp erimen t of translation rule acquisition W e mak e use of an aligned corpus of ab out 36,000 parallel sen tences obtained from a Japanese-English dictionary . Most of the sen tences are simple declarative sen tences. F or the bilingual dictionary to get the similarit y of word pairs we used EDICT (V94-002) compiled b y James Breen 2 . The similarit y v alue 1.0 is given to the pairs app earing in the dictionary . W e also used the corpus to obtain similarit y v alues of w ord pairs that do not app ear in EDICT. W e fo cused on sev eral frequen tly o ccurring Japanese v erbs and accum ulated the struc- turally matched results. F or example, Japanese w ord \ =P $k (sho w up, mo v e outside, come out from some source)" app eared 241 times in the corpus, of whic h 79 are matc hed against a single English v erb. The results are classi�ed in to the groups according to the English v erbs, from eac h of which a word selection rule is acquired b y generalizing the p eripheral nouns together with the case mark ers. A part of the results is sho wn in T able 2. W e made use of an electronic v ersion of a Japanese thesaurus, called Bunrui-Goi-Hy o [NLRI 64], for classifying Japanese nouns app earing at case p ositions of the v erb. The n um b ers in the table represen ts a class in the thesaurus. An English explanation is put in paren theses for the sake of readabilit y . F or instance, the table sho ws that when Japanese v erb \ =P $k " is accompanied 2 EDICT is obtainable through ftp via monu6.cc.monash.edu.au: pub/nihongo. 7

English v erb (o ccurrence) nominativ e (ga) ob jectiv e (w o) dativ e (ni) lea v e 12000(h uman) 12540(city , colon y) (22) 14650(v ehicle) 144xx(residence) 14700(land, plot) go (out) 12000(h uman) 12540(city , colon y) 12600(so ciet y) (28) 14650(v ehicle) 12660(house, ro om) 13371(trip) 144xx(residence) 13800(business) 15201(transit) app ear 12000(h uman) 1525x(sky) (9) 15150(climate) 15251(celestial b o dy) rise 151xx(climate) (5) 15251(celestial b o dy) T able 2: W ord selection rules for \ =P $k " with a h uman or a v ehicle as its sub ject and a cit y , etc as its ob ject, it can b e translated in to the English v erb \lea v e". Though other translation rules in which more than one English w ord are inv olv ed can b e dealt with in the same wa y , it w as v ery rare that same translation patterns o ccur in suc h cases. A few suc h examples are: Japanese phrase \ N" L\ $K =P $k (pro duce a result opp osite to one’s plan)" is translated in to \bac k�re", and \ M) Nn $, =P $k (ghost app ears)" is translated in to \b e haunted". The size of curren t corpus is far unsatis�able to acquire complex translation rules. Ho w- ev er, some v ery in teresting rules hav e b een acquired. An example is sho wn in Figure 2, in whic h a large fused b o dy is obtained as a translation rules. Note that the rule represen ts the same meaning whereas the w ords in Japanese and English rules are seman tically irrelev an t at all. (The literal meaning of the Japanese sentence is ‘there is not a p erson who go es b ey ond to the righ t of him in elo quence.’) 3.3 Discussion on the exp erimen ts This section giv es conclusions and discussion with resp ect to the exp erimen ts. As for w ord selection rules, w e ha v e learned that when the same translation patterns app ear in the corpus more than a certain n um b er, say more than 20 times, quite plausible rules are acquired. Al- though m uc h larger corpus is necessary to acquire complex translation rule, some in teresting rules ha v e b een acquired. 8

English: He is second to none in elo quence. Japanese: J[ @e - $G $O H‘ - $N 1& - $K =P $k <T - $O $$ $J $$ elo quence his righ t go b eyond p erson not-exist Figure 2: Sample of complex translation rule 9

There are a n um b er of problems to b e in v estigated. Semantics classi�cation in exisisting thesauri is not p o w erful enough to describ e precise translation rules. This is the general problem in seman tics treatmen t of corpus analyses. Besides, even in w ord selection rules, idiomatic expressions should b e distinguished from normal usages. A t presen t, w e do not mak e any distinction b et w een idiomatic and non-idiomatic expressions. W e simply tak e the class of nouns at the case p ositions of v erbs as small as p ossible in the thesaurus. In the case of complex translation rules, some p ortion of a rule has to b e tak en as a v ariable or to b e dep enden t on some other part in the sen tence. In the example of Figure 2, though the English expression \b e second to none" is a fused idiomatic expression, the w ord \ <T (p erson)" in the Japanese expression should v ary according to the seman tic category of the noun at the p osition of \ H‘ (he)". F or instance, \F rance is second to none in cuisine" should b e translated in to \ NA M} $G $O %U %i %s %9 $N 1& $K =P $k 9q (coun try) $O $J $$ ". The corpus used in the exp erimen ts con tains sentences tak en from a Japanese-English dictionary , in whic h most of the sen tences are simple sentences. W e should extend our tec hnique to b e applicable to more complex sen tences. Or, we need to pre-pro cess the corpus at the phrase lev el. W e hop e that our similarity measure of subgraphs is usable for �nding phrase-lev el alignmen t of parallel corp ora. 4 Conclusions Before giving conclusions, w e should commen t on some related works. Similar attempts ha v e b een done b y sev eral authors. Ka ji, et al, [Ka ji et al. 92] attempts to learn translation templates from examples. Their w ork do es not describ e the word similarit y and phrase similarit y in a precise w a y . The key di�erence compared with ours is that they assume phrase-phrase corresp ondence in translation sen tences. As can b e found in Figure 2, the corresp ondence should not b e restricted to phrases. Our metho d pro vides more freeness in the structural corresp ondence. An acquisition of translation rules is prop osed in [W atanab e 93]. In his metho d, extraction of translation patterns is triggered by a translation mismatc h b et w een a translation example and the translation result of a MT system. Though the idea is v ery in teresting, the approac h is quite di�erent from ours. In this pap er, we ha v e sho wn a metho d of acquiring translation rules from a parallel corpus based on a precise structural matc hing of translation examples. Tw o t yp es of translation rules are acquired. One is w ord selection rules, and the other is fused or idiomatic translation rules. Although lots of w orks should b e done esp ecially for the latter case, useful results hav e b een obtained using a small corpus with ab out 36,000 translation examples. 10

References [Bro wn, et al. 91] Bro wn, P .F., Lai, J.C. and Mercer, R.L., 1991. Aligning Sen tences in P arallel Corp ora, A CL-91 , pages 169{176. [Gale et al. 91] Gale, W.A. and Ch urc h, K.W., 1991. A Program for Aligning Sentences in Bilingual Corp ora, A CL-91 , pages 177{184. [Ka ji et al. 92] Ka ji, H., Kida, Y., and Morimoto, Y., 1992. Learning T ranslation T emplates from Bilingual T ext, COLING-92 , pages 672{678. [Ka y 93] Kay , M., and R� osc heisen, M., 1993. T ext-T ranslation Alignmen t, Computational Linguistics , V ol.19, No.1, pages 121{142. [Matsumoto et al. 93] Matsumoto, Y., Ishimoto, H. and Utsuro, T., 1993. Structural Matc h- ing of P arallel T exts, ACL-93 , pages 23{30. [NLRI 64] NLRI, National Language Researc h Institute 1964. W ord List b y Seman tic Prin- ciples, ‘Bunrui-Goi-Hyo’ (in Japanese), Syuei Syupp an . [Sato 90] Sato, S. and Nagao, M., 1990. T o w ard Memory-Based T ranslation, COLING-90 , V ol.3, pages 247{252. [Sumita 90] Sumita, E., Iida, H. and Kohiyama, H., 1993. T ranslating with Examples: A New Approach to Mac hine T ranslation, TMI-90 . [Utsuro et al. 93] Utsuro, T., Matsumoto, Y. and Nagao, M., 1993. V erbal Case F rame Acquisition from Bilingual Corp ora, IJCAI-93 , pages 1150{1156. [W atanabe 93] W atanab e, H., 1993. A Metho d for Extracting T ranslation P atterns from T ranslation Examples, TMI-93 , pages 292{301. 11