Ad Ho c Retriev al Exp erimen ts Using W ordNet and Automatically Constructed Thesauri Rila Mandala, T ak enobu T okunaga, Hozumi T anak a, Akitoshi Okum ura and Kenji Satoh NEC Corp. and T oky o Institute of T ec hnology Japan Abstract This pap er describ e our metho d in automatic-adho c task of TREC-7. W e prop ose a metho d to impro v e the p erformance of information retriev al system b y expanded the query using 3 di�feren t t yp es of thesaurus. The expansion terms are tak en from hand- crafted thesaurus (W ordNet), co-o ccurrence-based automatically constructed thesaurus, and syn tactically predicate-argumen t based automatically constructed thesaurus. 1 In tro duction A critical problem in information retriev al is that the v o cabulary that the searc hers use is not the same as the one b y whic h the do cumen ts ha v e b een indexed. The w ord synon ym y is one example of this problem. If a user use a synon ym of a w ord whic h do cumen t has b een indexed in his/her query , then that do cumen ts could not b e retriev ed. Query expansion [3] is one metho d in information retriev al to a v oid this problem. The expansion terms can b e tak en from thesaurus [4, 9, 11]. There are man y researc h of query expansion using thesaurus in the literature. Brie y there are t w o t yp es of thesaurus, i.e. hand-crafted thesaurus and automatically constructed thesaurus. W ordNet [10] is one example of hand-crafted thesaurus whic h is publically a v ailable in mac hine readable form. Corpus-based thesaurus is a thesaurus whic h is constructed automatically from the corpus with- out in terv en tion of h uman. There are t w o di�eren t metho d to extract thesaural relationships from corp ora predicate-argumen t (also called head-mo di�er) metho d [6, 5, 8, 7, 13] and co-o ccurrence statistical metho d [1, 2, 12, 15] W e prop ose the use of W ordNet, co-o ccurrence-based and predicate-argumen t-based automati- cally constructed thesauri for query expansion in automatic-adho c task of TREC-7. 2 Metho d 2.1 Co-o ccurrence-based Thesaurus The general idea underlying the use of term co-o ccurrence data for thesaurus construction is that w ords that tend to o ccur together in do cumen ts are lik ely to ha v e similar, or related, meanings. 1

Co-o ccurrence data th us pro vides a statistical metho d for automatically iden tifying seman tic rela- tionships that are normally con tained in a hand-made thesaurus. Supp ose t w o w ords ( A and B ) o ccur f a and f b times, resp ectiv ely , and co o ccur f c times, then the similarit y b et w een A and B can b e calculated using a similarit y co e�cien t suc h as the Dice Co e�cien t 2 � f c f a + f b 2.2 Predicate-Argumen t-based Thesaurus In con trast with the previous section, this metho d attempts to construct a thesaurus according to predicate-argumen t structures. The use of this metho d for thesaurus construction is based on the idea that there are restrictions on what w ords can app ear in certain en vironmen ts, and in particular, what w ords can b e argumen ts of a certain predicate [7]. F or example, a cat ma y w al k , bite , but can not f l y . Eac h noun ma y therefore b e c haracterized according to the v erbs or adjectiv es that it o ccurs with. Nouns ma y then b e group ed according to the exten t to whic h they app ear in similar constructions. First, all the do cumen ts are parsed using the Apple Pie P arser, whic h is a b ottom-up probabilis- tic c hart parser dev elop ed b y Satoshi Sekine [16]. Its grammar is a semi-con text sensitiv e grammar and it w as automatically extracted from P enn T ree Bank syn tactically tagged corpus made at the Univ ersit y of P ennsylv ania. Its p erformance is 0.71 of precision, 0.70 of recall and 3.03 of a v erage crossing. Using this parser, the follo wing syn tactic structures are extracted � Sub ject-V erb � V erb-Ob ject � Adjectiv e-Noun Eac h noun has a set of v erbs and adjectiv e that it o ccurs with, and for eac h suc h relationship, a dice co e�cien t v alue is calculated. � C sub ( v i ; n j ) = 2 � f sub ( v i ;n j ) f ( v i )+ f sub ( n j ) , where f sub ( v i ; n j ) is the frequency of noun n j o ccurring as the sub ject of v erb v i , f sub ( n j ) is the frequency of the noun n j o ccurring as sub ject of an y v erb, and f ( v i ) is the frequency of the v erb v i � C obj ( v i ; n j ) = 2 � f obj ( v i ;n j ) f ( v i )+ f obj ( n j ) , where f obj ( v i ; n j ) is the frequency of noun n j o ccurring as the ob ject of v erb v i , f obj ( n j ) is the frequency of the noun n j o ccurring as ob ject of an y v erb, and f ( v i ) is the frequency of the v erb v i � C ad j ( a i ; n j ) = 2 � f ad j ( a i ;n j ) f ( a i )+ f ad j ( n j ) , where f ( a i ; n j ) is the frequency of noun n j o ccurring as argumen t of adjectiv e a i , f ad j ( n j ) is the frequency of the noun n j o ccurring as argumen t of an y adjectiv e, and f ( a i ) is the frequency of the adjectiv e a i W e de�ne the similarit y of t w o nouns with resp ect to one predicate, as the minim um of eac h dice co e�cien t with resp ect to that predicate, i.e. S I M sub ( v i ; n j ; n k )= min f C sub ( v i ; n j ) ; C sub ( v i ; n k ) g 2

S I M obj ( v i ; n j ; n k )= min f C obj ( v i ; n j ) ; C obj ( v i ; n k ) g S I M ad j ( a i ; n j ; n k )= min f C ad j ( a i ; n j ) ; C ad j ( a i ; n k ) g Finally the o v erall similarit y b et w een t w o nouns is de�ned as the a v erage of all the similarities b et w een those t w o nouns for all predicate-argumen t structures. 2.3 Expansion T erm W eigh ting Metho d A query q is represen ted b y a v ector � ! q = ( q 1 ; q 2 ; :::; q n ), where the q i ’s are the w eigh ts of the searc h terms t i con tained in query q . The similarit y b et w een a query q and a term t j can b e de�ned as b elo ws [12] : simq t ( q ; t j ) = X t i 2 q q i � sim ( t i ; t j ) Where the v alue of sim ( t i ; t j ) can b e de�ned as the a v erage of the similarit y v alues in the three t yp es of thesaurus. Since in W ordNet there are no similarit y w eigh ts, when there is a relation b et w een t w o terms in W ordNet, their similarit y is tak en from the a v erage of the similarit y b et w een those t w o terms in the co-o ccurrence-based and in predicate-argumen t-based thesauri. With resp ect to the query q , all the terms in the collection can no w b e rank ed according to their simq t . Expansion terms are terms t j with high simq t ( q ; t j ). The w eig ht ( q ; t j ) of an expansion term t j is de�ned as a function of simq t ( q ; t j ) w eig ht ( q ; t j ) = simq t ( q ; t j ) P t i 2 q q i where 0 � w eig ht ( q ; t j ) � 1. An expansion term gets a w eigh t of 1 if its similarit y to all the terms in the query is 1. Expansion terms with similarit y 0 to all the terms in the query get a w eigh t of 0. The w eigh t of an expansion term dep ends b oth on the en tire retriev al query and on the similarit y b et w een the terms in the thesauri. The query q is expanded b y adding the follo wing query � ! q e = ( a 1 ; a 2 ; :::; a r ) where a j is equal to w eig ht ( q ; t j ) if t j b elongs to the top z rank ed terms. Otherwise a j is equal to 0. The resulting expanded query is � ! q expanded = � ! q � � ! q e where the � is de�ned as the concatenation op erator. The metho d ab o v e can accommo date the p olysemous w ord problem, b ecause an expansion term whic h is tak en from a di�eren t sense to the original query term is giv en v ery lo w w eigh t. 3 Exp erimen ts As a retriev al engine w e used SMAR T [14] v ersion 11.0. SMAR T is an information retriev al system based on the v ector space mo del in whic h term w eigh ts are calculated based on term frequency , 3 in v erse do cumen t frequency , and do cumen t length normalization. W e used lnc for do cumen t’s term w eigh ting and ltc for query’s term w eigh ting. W e ran exp erimen ts in the automatic-adho c task framew ork using only title, only description, and all terms of the topics. The results are sho wn b elo ws Title Description All ===== =========== === Total number of documents over all queries Retrieved 50000 50000 50000 Relevant 4674 4674 4674 Rel_ret 2435 3149 3106 Interpolated Recall - Precision Averages at 0.00 0.6957 0.7782 0.8161 at 0.10 0.4528 0.5643 0.5783 at 0.20 0.3622 0.4377 0.4511 at 0.30 0.2864 0.3519 0.3575 at 0.40 0.2148 0.2981 0.2899 at 0.50 0.1438 0.2300 0.2177 at 0.60 0.1017 0.1786 0.1618 at 0.70 0.0530 0.1212 0.1121 at 0.80 0.0321 0.0749 0.0636 at 0.90 0.0049 0.0159 0.0306 at 1.00 0.0005 0.0067 0.0054 Average precision (non-interpolated) over all rel docs 0.1898 0.2584 0.2565 Precision At 5 docs 0.4720 0.5840 0.5800 At 10 docs 0.4260 0.5460 0.5480 At 15 docs 0.4080 0.5013 0.4973 At 20 docs 0.3700 0.4640 0.4700 At 30 docs 0.3320 0.4113 0.4147 At 100 docs 0.2012 0.2406 0.2484 At 200 docs 0.1395 0.1771 0.1771 At 500 docs 0.0791 0.1038 0.1023 At 1000 docs 0.0487 0.0630 0.0621 R-Precision (precision after R (= num_rel for a query) docs retrieved) Exact 0.2403 0.2993 0.2989 Figure 1 sho ws the 11 p oin t in terp olated precision graph for the retriev al result using title only , description only , and title+description+narrativ e. 4 Discussion of Result As exp ected, the p erformance of retriev al using only title of topic yields a w orst p erformance. The use of only description of topic has a higher retriev al p erformance than the use of all sections of topic. This can b e explained that the narrativ e section of topic has some negation statemen ts 4

Figure 1: 11-p oin t in terp olated precision using title, description, and title+description+narrativ e whic h could not b e handled prop erly b y our system y et. Expanding terms o ccur in the negation statemen t degraded the p erformance v ery m uc h. 5 Conclusion W e ha v e implemen ted and exp erimen ted a metho d for query expansion using W ordNet and corpus- based thesauri. T o a v oid the wrong expansion terms, a w eigh ting metho d is utilized whereb y the w eigh t of expansion terms dep ends on the similarit y v alue of those terms in the v arious thesauri and on the w eigh t of all terms in original query . In the future, w e will in v estigate the prop er metho d to handle term expansion in the negation statemen t. 6 Ac kno wledgemen ts The authors w ould lik e to thank Mr. Timoth y Baldwin (TIT, Japan) for his commen ts on the earlier v ersion of this pap er. W e also grateful to Dr. Chris Buc kley (SabIR Researc h) and Dr. Satoshi Sekine (New Y ork Univ ersit y) for pro viding the SMAR T information retriev al engine and Apple Pie P arser resp ectiv ely . References [1] Carolyn J. Crouc h. An aproac h to the automatic construction of global thesauri. Information Pr o c essing and Management , V ol. 26, No. 5, pp. 629{640, 1990. 5

[2] Y ang B. Crouc h, C.J. Exp erimen ts in automatic statistical thesaurus construction. In Pr o- c e e ding of the Fifte enth A CM SIGIR Confer enc e , pp. 77{82, 1992. [3] Ekmek cioglu F.C. E�ectiv eness of query expansion in rank ed-output do cumen t retriev al sys- tems. Journal of Information Scienc e , V ol. 18, pp. 139{147, 1992. [4] Edw ard A. F o x. Lexical relations enhancing e�ectiv eness of information retriev al systems. SIGIR F orum , V ol. 15, No. 3, pp. 6{36, 1980. [5] Gregory . Grafenstette. Explor ations in A utomatic Thesaurus Disc overy . Klu w er Academic Publ., 1994. [6] G. Grefenstette. Use of syn tactic con text to pro duce term asso ciation lists for text retriev al. In Pr o c e e dings of the 15th A CM SIGIR Confer enc e , pp. 89{97, 1992. [7] D. Hindle. Noun classi�cation from predicate-argumen t structures. In Pr o c e e dings of 28th A nnual Me eting of the A CL , pp. 268{275, 1990. [8] Y. Jing and B. Croft. An asso ciation thesaurus for information retriev al. In Pr o c e e dings of RIA O , pp. 146{160, 1994. [9] Joana Kristensen. Expanding end-users query statemen ts for free text searc hing with a searc h- aid thesaurus. Information Pr o c essing and Management , V ol. 29, No. 6, pp. 733{744, 1993. [10] G.A Miller. Sp ecial issue, w ordnet an on-line lexical database. International Journal of L exi- c o gr aphy , V ol. 3, No. 4, 1990. [11] Chris D. P aice. A thesaural mo del of information retriev al. Information Pr o c essing and Management , V ol. 27, No. 5, pp. 433{447, 1991. [12] Qiu and H.P . F rei. Concept based query expansion. In Pr o c e e dings of the 16th A CM SIGIR Confer enc e , pp. 160{169, 1993. [13] G Ruge. Exp erimen ts on linguistically-based term asso ciations. Information Pr o c essing and Management , V ol. 28, No. 3, pp. 317{332, 1992. [14] G. Salton. The SMAR T R etrieval System Exp eriments in A utomatic Do cument Pr o c essing . Pren tice-Hall, 1971. [15] H. Sc h utze and J.O. P ederson. A co o ccurrence-based thesaurus and t w o applications to infor- mation retriev al. In Pr o c e e dings of RIA O Confer enc e , pp. 266{274, 1994. [16] S. Sekine and R. Grishman. A corpus-based probabilistic grammar with only t w o non- terminals. In Pr o c e e dings of the International Workshop on Parsing T e chnolo gies , 1995. 6