TREC-7 Exp erimen ts: Query Expansion Metho d Based on W ord Con tribution Keiic hiro Hoashi, Kazunori Matsumoto, Naomi Inoue, and Kazuo Hashimoto f hoashi,matsu,inoue,kh g @kddlabs.co.jp KDD R&D Lab oratories, Inc. 2-1-15 Ohara Kamifukuok a Saitama 356-8502 JAP AN 1 In tro duction This is KDD R&D Lab oratories’ �rst participation in TREC. In this participation, we fo cused on ex- p eriments on a no v el metho d of query expansion. The query expansion metho d describ ed in this pap er is based on a measure we call "word con- tribution". W ord contribution is a measure which expresses the in uence of a word to the similar- ity b etw een the query and a do cument. F rom our data, we �gured that w ords which hav e highly neg- ative con tribution can b e considered as to b eing expressive of the characteristics of the data (query or do cument) in which they exist. W e prop osed ex- tracting such words from do cumen ts highly similar to a query , and adding them to the original query to generate an expanded query . W e made exp er- iments to ev aluate this metho d, and rep orted the results in this pap er. W e submitted 3 o�cial ad ho c runs ( KD70000 , KD71010q , KD71010s ) to TREC-7. How ev er, the data w e used for these runs were generated by a buggy morphological analysis program, which we consider a serious cause for our bad results. Since the o�cial submission, we hav e �xed these bugs, and reconstructured our data. The results describ ed in this pap er are based on these new data, and some exp eriments made after the TREC-7 con- ference. 2 Retriev al Metho d 2.1 Indexing F or indexing the topics and the do cuments, w e ran a morphological analysis program on the data, and extracted nouns, prop er nouns, and unde�ned words. A frequency table was made for each da- tum consisted of the extracted terms and frequency . The morphologial analysis program was the pro- gram in which bugs were discov ered after the o�- cial submission. In our exp eriments, we used the data from the TREC CD-ROMs 4 and 5, excluding the Congres- sional Rep orts. The total n um ber of terms ex- tracted from this data was 772,659. 2.2 Similarity Calculation F or similarity calculation, we applied a probabilis- tic mo del prop osed b y Iw a y ama et al [1]. This mo del is based on an idea called Single r andom V ariable with Multiple V alues (SVMV), and w as prov ed e�ectiv e in text categorization compared to other existing metho ds. The formula for similarity calculation b etw een do cumen ts d 1 and d 2 for SVMV is describ ed in Fig- ure 1, where: S im ( d 1 ; d 2 ): Similarit y of do cuments d 1 and d 2 F d ( d; w ): F requency of word w in do cument d N d ( d ): Number of words in do cument d F ( w ): F requency of word w in all do cumen ts N : Number of words in all do cumen ts 3 Query Expansion Based on W ord Con tribution In this section, we will mak e an explanation of our prop osed metho d of query expansion based on w ord contribution. 1

� � S im ( d 1 ; d 2 ) = M ( d 1 ; d 2 ) � U ( d 1 ) � U ( d 2 ) U ( d ) = log 0 B @ X w 2 d � F d ( d;w ) N d ( d ) � 2 F ( w ) N 1 C A M ( d i ; d j ) = X d 2 d i ;d j log X w 2 d F d ( d;w ) N d ( d ) � F d ( d i ;w )+ F d ( d j ;w ) N d ( d i )+ N d ( d j ) F ( w ) N ! � � Figure 1: Similarity calculation formula for SVMV. 3.1 De�nition of W ord Con tribution W ord contribution is a measure which expresses the in uence of a word (or term) to the similarity b e- tw een the query and a do cumen t. It is de�ned by the following form ula: C ont ( w ; q ; d ) = S im ( q ; d ) � S im ( q 0 ( w ) ; d 0 ( w )) where C ont ( w ; q ; d ) is the contribution of the word w in the similarity b etw een query q and do cument d , S im ( q ; d ) is the similarity b et w een q and d , q 0 ( w ) is query q excluding word w , and d 0 ( w ) is do cu- ment d excluding w ord w . In other words, the con- tribution of word w is the di�erence b etw een the similarity of q and d , and the similarity of q and d when word w is assumed to b e non-existent in b oth data. Therefore, there are words which hav e p ositive contribution, and words which hav e nega- tive contribution. W ords with p ositive contribution increases the similarity , and words with negative contribution decreases the similarity . An example of w ord contribution data calculated from TREC-6 data is shown in T able 1. 3.2 Hyp othesis Figure 2 illustrates the contribution of all words from the query and do cument used in the example shown in T able 1. The do cument used in this ex- ample is relev an t to the query . The data is sorted in descending order according to the contribution of each w ord. F rom Figure 2, it is apparent that there are only a small num b er of words with highly p osi- tive contribution, and a small n um ber of words T able 1: W ords with 10 highest/low est contribu- tion in T opic 313 and FT932-6259 W ord Contribution levitation 0.39429400 discussion 0.00030683 plan 0.00012887 year -1.33E-06 government -5.21E-06 system -0.0000053 city -5.77E-06 take -6.54E-06 development -6.92E-06 agreement -7.91E-06 ... ... narrative -0.0009595 JAPANESE -0.0009871 JFK -0.0044444 Guardia -0.0046405 superconductivity -0.0107779 Nakamoto -0.0114731 Michiyo -0.0137173 flywheel -0.039495 Grumman -0.0424242 motor car -0.1363256 Figure 2: W ord contribution b etw een T opic 313 and FT932-6259 with highly negative contribution. On the contrary , most words hav e a contribution near zero, meaning most words do not hav e a signi�can t in uence on query-do cument similarity . As obvious from the de�nition of w ord contribu- tion, w ords with highly p ositive contribution are presumed to b e words that co-o ccur in the query and do cument. Such words can b e considered as informative words of do cument relev ance to the query . On the contrary , words with highly nega- tive contribution which do not o ccur in the original query can b e considered as words which discrimi- nate relev an t do cumen ts from other non-relev an t do cuments contained in the data collection. Since the main ob jective of query expansion is to add words which are e�ective in distinguishing relev an t do cuments from the data collection, we assumed that w ords with highly negative con tribu- tion are extremely suitable for expanding the orig- inal query . Moreov er, we presumed that v alue of word contribution is a measure of the imp ortance the word has for discrimination. Based on this pre- sumption, the application of word contribution v al- ues as the weigh t of the extracted word for query expansion should also b e e�ective. 3.3 Query Expansion Metho d Based on our arguments in the previous section, we hav e developed the following query expansion metho d. First, the word contribution of all w ords in the query and the set of do cumen ts from which the words for query expansion are extracted from are calculated. If there are N um do cuments which are included in the do cument set for query q , the relev an t do cument set D q e can b e expressed as D q e ( q ) = f d 1 ; � � � ; d N um g . F rom each do cument d i , N w ords with the low est contribution are ex- tracted. Next, a score for each extracted word w is calcu- lated by the following formula: S cor e ( w ) = w g t � X d 2 D q e ( q ) C ont ( w ; q ; d ) where w g t is a parameter with a negative v alue (since the contribution of extracted words are also negative). Finally , all extracted words and their scores are added to the original query . If any of the extracted words o ccur in the original query , that word is not added to the new query . W ords with negative scores are also excluded from the ex- panded query . 4 Exp erimen ts In this section, we will describ e the exp eriments made to ev aluate our query expansion metho d. 4.1 Preliminary Exp erimen ts F rom the observ ation of w ord contribution data, we discov ered that words which o ccur as a re- sult of morphological analysis errors often hav e a highly negative contribution. Such \words" include terms with num bers, parantheses, or other punc- tuation marks. Examples of some of these data are: [propose , 0.1p , ID=JPRS-JST-003C-18A , etc. These meaningless words must b e deleted from the frequency tables of the do cuments in order to make an e�ective retriev al and query expansion. Based on an empirical theory that these w ords do not o ccur frequently , words which o ccur less than a minimal n um ber in all of the do cumen ts were excluded when calculating similarities. As a preliminary exp eriment, we set several minimal o c- curence thresholds, and made an ev aluation of the text retriev al based on each threshold, by executing a search on TREC-6 data (T opics 301-350). The av erage precision, R-precision, and the n um ber of retrieved relev an t do cuments for eac h threshold are shown in T able 2. T able 2: Retriev al results for baseline search on TREC-6 data min Avg Prec R-Prec Rel-ret 0 0.0388 0.0730 425 1 0.0418 0.0752 425 2 0.0423 0.0747 429 4 0.0394 0.0746 439 8 0.0439 0.0781 471 16 0.0442 0.0772 488 24 0.0452 0.0832 502 32 0.0435 0.0815 530 48 0.0449 0.0825 573 64 0.0459 0.0818 599 As apparent from the results in T able 2, there was not muc h di�erence b etw een the results of these exp eriments. Therefore, considering the rea- sonability of threshold v alues, we decided to set the minimum threshold to 16 and 32 for our fol- lowing exp eriments. Therefore, the results for min = 16 ; 32 are used as the baseline for our ev alu- ations on TREC-6 data. The baseline for TREC-7, i.e., TREC-7 retriev als when min = 16 and 32, are shown in T able 3. T able 3: Retriev al results for baseline search on TREC-7 data min Avg Prec R-Prec Rel-ret 16 0.0442 0.0660 448 32 0.0435 0.0680 470 4.2 Query Expansion with Rele- v ance F eedbac k In order to examine the e�ectiveness of our query expansion metho d, we �rst made query expansion based on relev ance feedback. As describ ed in previous sections, there are 4 pa- rameters for our query expansion metho d: the min- imum word o ccurence threshold ( min ), the num- b er of do cumen ts for query expansion ( N um ), the num ber of w ords extracted from eac h do cument ( N ), and the weigh t applied to each extracted word and its contribution ( w g t ). F or the description of the exp erimen t results, w e will use the following format: rel. min . Num . N . wgt F or example, if min = 16, N um = 10, N = 10, and w g t = � 50, the run for such conditions will b e written as \rel.16.10.10.50". The do cument set from which words for query expansion are extracted from is selected based on the results of the baseline search. Of all relev an t do cuments for each query , the top N um ranked do cuments were extracted. If there were less than N um relev an t do cuments for a query , then all rele- v an t do cumen ts were included in the do cument set. These exp eriments were made on TREC-6 and TREC-7 data. Results on TREC-6 data are de- scrib ed in T able 4. As apparent from these results, we hav e achiev ed a signi�cant improv emen t in b oth precision and re- call compared to the baseline results. The in uence of w g t was rather clear: the recall increases and the precision decreases as the absolute v alue of w g t in- creases. T able 4: Retriev al results for query expansion with relev ance feedback on TREC-6 data Condition Avg Prec R-Prec Rel-ret rel.16.10.10.20 0.0877 0.1484 795 rel.16.10.10.50 0.0818 0.1414 954 rel.32.10.10.20 0.0932 0.1493 866 rel.32.10.10.50 0.0839 0.1422 992 F or further analysis, the precision-recall curve- line for the baseline and the query expansion results are presented in Figures 3 and 4. Figure 3: Precision-recall curveline for TREC-6 data ( min = 16) The results illustrated in these Figures also prov e the e�ectiveness of our query expansion metho d. Next, we will present the results of this exp eri- ment made on TREC-7 data. The av erage preci- sion, R-precision, and num ber of retrieved relev an t do cumen ts are shown in T able 5. T able 5: Retriev al results for query expansion with relev ance feedback on TREC-7 data Condition Avg Prec R-Prec Rel-ret rel.16.10.10.20 0.0541 0.1134 652 rel.16.10.10.50 0.0551 0.1171 848 rel.32.10.10.20 0.0510 0.1154 740 rel.32.10.10.50 0.0513 0.1140 902 These results also show an impro v emen t from the baseline retriev al, but the improv emen t is not as high as TREC-6 exp eriments. W e will also present the precision-recall curveline for TREC-7 in Fig-

Figure 4: Precision-recall curveline for TREC-6 data ( min = 32) ures 5 and 6. Figure 5: Precision-recall curveline for TREC-7 data ( min = 16) Observ ations from these Figures also show the lack of improv emen t compared to TREC-6 exp eri- ments. The most notable characteristic of TREC-7 results are the drastic descent of precision as the re- call increases. F urthermore, the infuence of w g t is di�erent from the results of TREC-6 exp erimen ts. As clear from T able 5, the increase of the absolute v alue of w g t results in the improv emen t of b oth the recall and precision. Ho w ev er, ov erall results of the exp eriments de- scrib ed in this section prov ed the e�ectiveness of the query expansion metho d based on word con tri- bution with relev ance feedback. Figure 6: Precision-recall curveline for TREC-7 data ( min = 32) 4.3 Query Expansion with Pseudo F eedbac k Since the relev ance of do cuments to a query is un- known in practical use of text retriev al systems, it is essential to dev elop an e�ective algorithm of re- triev al without using relev ance feedback informa- tion. Therefore, many systems using the idea of a pseudo feedbac k, i.e., selecting the top rank ed do cumen ts from the pilot search as the do cument set used for query expansion, hav e b een presented in recent years [2][3]. W e ha v e made exp eriments to apply pseudo feedback to our query expansion metho d. W e will describ e these exp eriments in this section. The di�erence b etw een the query expansion metho d describ ed in the previous section based on relev ance feedback and the query expansion metho d for this exp eriment is the extraction of the N um do cuments used for word extraction. In this exp erimen t, we extracted the top N um do cuments of the baseline search as the set of do cuments used for query expansion, regardless of their actual rel- ev ance to the query . W e will use a format similar to the format used in the previous section for the expression of exp er- iment conditions: pse. min . Num . N . wgt Similar to the previous section, we made exp er- iments on b oth TREC-6 and TREC-7 data. De- tailed exp eriments were made on TREC-6 data for analysis of the e�ects of v arious parameters, and a few exp eriments were made on TREC-7 data to con�rm results. In T able 6, the results for all ex- p eriments on TREC-6 data are shown. T able 6: Retriev al results for query expansion with pseudo feedback on TREC-6 data Condition Avg Prec R-Prec Rel-ret pse.16.10.10.20 0.0161 0.0387 416 pse.16.10.10.50 0.0137 0.0300 519 pse.16.10.10.100 0.0121 0.0232 518 pse.16.10.20.50 0.0140 0.0310 524 pse.32.5.10.20 0.0253 0.0543 445 pse.32.5.10.50 0.0142 0.0314 467 pse.32.10.5.20 0.0191 0.0191 468 pse.32.10.10.20 0.0198 0.0402 482 pse.32.10.10.50 0.0150 0.0280 547 pse.32.10.10.100 0.0131 0.0246 533 pse.32.10.20.50 0.0154 0.0280 558 As obvious from these results, our query expan- sion metho d did not improv e the retriev al com- pared to the baseline search. The fact that the ex- p eriments with relativ ely high results used queries in which the expanded words had little in uence, also back up the failure of our query expansion. W e will also present the results for the pseudo feedback exp eriment on TREC-7 data on T able 7. The conditions which had relatively go o d results from the exp eriments on TREC-6 data w ere se- lected for these exp eriments. T able 7: Retriev al results for query expansion with pseudo feedback on TREC-7 data Condition Avg Prec R-Prec Rel-ret pse.16.10.10.20 0.0125 0.0373 503 pse.16.10.10.50 0.0104 0.0285 594 pse.16.10.10.100 0.0085 0.0216 583 pse.32.10.10.20 0.0153 0.0387 536 pse.32.10.10.50 0.0101 0.0265 570 pse.32.10.10.100 0.0085 0.0216 583 As apparen t from the data on T able 7, the results for exp eriments on TREC-7 were no b etter than those for the TREC-6 exp eriments. F rom these results, we presume that there are problems in our query expansion metho d using pseudo feedback. 5 Discussion In this section, we will discuss the results of our ev aluation exp eriments, and in v estigate the causes for the failure of our query expansion metho d. 5.1 Analysis of query expansion with relev ance feedback Although we hav e achiev ed signi�cant improv e- ment on our query expansion exp eriment using relev ance feedback, consideration is necessary for improv emen t. As observed from the precision- recall curves illustrated in Figures 3-6, the preci- sion of the retriev al descends rapidly as the recall increases. W e examined the w ord contribution data used for query expansion in these exp eriments to inv estigate the cause of this phenomenon. In Section 3, we explained that there are only a small num ber of words which ha v e highly negativ e contribution. F urther analysis of word contribution to the similarity b etw een queries and relev an t do c- uments show ed that, in many cases, there are 1 or 2 words p er query-do cumen t set that hav e an ex- tremely high absolute v alue of word con tribution. An example of such data is illustrated in Figure 7. Figure 7: W ord contribution b etw een T opic 301 and FBIS3-10397 Since the v alues of w g t in our exp eriments w ere set so that the weigh t of extracted words would not b e extremely higher than the frequencies of words in the original query , there is a strong p ossibility that the words other than the words with extremely high contribution did not apply su�cient in uence on the expanded query . F or the inv estigation of this hypothesis, we ran query expansion exp eriments with w g t = 1200, so that the other w ords will hav e similar weigh ts as the original frequency table. The results are sho wn in T able 8. T able 8: Retriev al results for query expansion with relev ance feedbac k ( w g t = 1200) Condition Avg Prec R-Prec Rel-ret ( TREC-6 ) rel.16.10.10.1200 0.0916 0.1454 1309 ( TREC-7 ) rel.16.10.10.1200 0.0688 0.1390 1336 F rom the comparison of these results and the re- sults presen ted in Section 4, it is clear that the drastic increasemen t of w g t has impro v ed b oth the recall and precision of the retriev al. F or compar- ison, we present the precision-recall curveline for the retriev al on TREC-7 data with w g t as 20 and 1200. This is illustrated in Figure 8. Figure 8: Precision-recall curveline for TREC-7 data ( w g t = 20 ; 1200) As observed from Figure 8, the precision at low recall of rel.16.10.10.1200 is not as go o d as rel.16.10.10.20. How ev er, the precision of rel.16.10.10.1200 at higher recall is constan tly higher than that of rel.16.10.10.20. F rom these re- sults, we presume that the words with extremely high negative contribution are e�ective for retriev- ing do cuments at a low recall, while the other words extracted for query expansion are e�ective for retrieving a wide range of relev an t do cuments. Therefore, it is necessary to merge these weigh ts e�ectively in order to apply the characteristics of each set of words. A reduction or normalization of the extremely high con tribution v alues, such as adapting a logarithm to the word contribution v alue, ma y b e e�ectiv e. W e hav e yet to ev aluate such metho ds. 5.2 Analysis on query expansion with pseudo feedback One obvious cause of the failure of our query expan- sion metho d with pseudo feedback is the p o or preci- sion of the baseline search. Exp erimen ts were made on the TREC-6 data with the parameter N um set at 5, 10, and 20. The precision of the baseline re- triev als at do cuments 5, 10, and 20 are shown in T able 9. T able 9: Precision at 5,10,20 do cuments for base- line searches TREC-6 TREC-7 min =16 min =32 min =16 min =32 @ 5 0.1520 0.1560 0.1680 0.1480 @ 10 0.1480 0.1520 0.1520 0.1520 @ 20 0.1170 0.1160 0.1320 0.1200 As apparen t from these results, 83%-88% of the do cumen ts used for query expansion w ere actually irrelev an t to the query . This should hav e a negative e�ect on the results of query expansion. In order to examine the e�ects of a p o or baseline search, w e sim ulated the TF � IDF based retriev al algorithm and the Ro cchio feedback based query expansion metho d applied in the SMAR T system at TREC-7[3]. The Ro cchio w eigh ts were calculated by the following form ula: ~ Q new = � � ~ Q or g + � � 1 R X D 2 Rel ~ D � � 1 N X D 62 Rel ~ D where � = 3, � = 2, = 2, and 20 new terms with the highest Ro cchio w eigh ts for each query were added to the original query . These parameter v al- ues were set as the v alues presented in the SMAR T pap er by A T&T on TREC-7. How ev er, SMAR T also added 5 new phrases in this pro cess. Since w e do not ha v e any indexing metho ds esp ecially tuned for phrases, this function was not applied in our simulation. The av erage precision, R-precision and num- b er of retrieved relev an t do cuments by the base- line search of SMAR T and the Ro cchio feedback based query expansion are shown in T able 10, and the precision-recall curveline for these SMAR T re- triev als are illustrated in Figure 9.

T able 10: Retriev al results for query expansion with pseudo feedback on TREC-7 data Condition Avg Prec R-Prec Rel-ret Baseline 0.1433 0.1848 1887 Ro cc hio 0.1348 0.1691 1392 Figure 9: Precision-recall curveline for SMAR T al- gorithm As apparent from T able 10, the result of the search by the SMAR T algorithm was go o d, but it is not as go o d as the results presented in the TREC-7 pap ers (A T&T’s av erage precision was 0.2290.). F urthermore, the results from T able 10 and Fig- ure 9 show that the Ro cchio feedback based query expansion could not exceed the baseline retriev al, which was similar to the case in our exp eriments. These results prov e that a p o or baseline retriev al has a negativ e impact on the results of query ex- pansion, even when applying an established query expansion algorithm. Therefore, the lack of preci- sion of the baseline search can b e considered as a cause of our p o or results. Ho w ev er, further analysis on our data show ed that queries with many relev an t do cuments in- cluded in the do cument set for query expansion also had p o or results after expanding the query . T able 11 is a list of topics of which the precision of the baseline retriev al at 10 do cuments were higher than or equal to 0.60, and the av erage precision of the baseline ( min = 16) and query expansion (qe.16.10.10.50). As ob vious from these results, the high ratio of relev an t do cuments included in the do cument set for query expansion did not improv e the results of query expansion. T able 11: Retriev al results for topics with high pre- cision at 10 do cuments T opic Prec @ 10 Baseline qe.16.10.10.50 302 0.90 0.2113 0.1286 314 0.70 0.2074 0.0468 353 0.60 0.0778 0.0823 357 0.80 0.1054 0.0361 368 0.60 0.0752 0.0508 398 1.00 0.1482 0.0095 The main idea b ehind our query expansion metho d may b e an explanation of this result. As describ ed in Section 3, the extraction of words with highly negative contribution w as based on the hypothesis that such words are discriminant of the concerned do cumen t. If these words were extracted from do cuments which were not relev an t to the original query , the expanded query will con- tain highly discriminant words of non-relev an t do c- uments. It is quite obvious that such query expan- sion will decrease the precision of retriev al. Another cause may b e the weigh ting problems which were p ointed out in the previous analysis on relev ance feedback exp eriments. In man y cases, 1 or 2 extracted words hav e an extremely high weigh t after query expansion, as previously explained. This means that the discriminant words extracted from non-relev an t do cuments will b e extremely high weigh ted after query expansion. Therefore, the mere existence of non-relev an t do cuments in the do cument set for query expansion can mak e a large negativ e in uence on the �nal retriev al re- sults. How ev er, it is di�cult to make a strict failure analysis on the query expansion metho d if the in- dexing is erroneous. W e susp ect that this is the main cause of our p o or results, since the text re- triev al algorithm of SMAR T also did not achiev e satisfying results with our frequency tables. Bugs on our dictionary are esp ecially crucial with our current metho d, since words extracted for query expansion are observed to b e words with relatively low term and do cument frequency , which may re- sult from such bugs. Considering the fact that the contributions of the extracted words seem to b e sensitive to the scarcity of the word, w e b elieve that the improv emen t of our morphological analy- sis program is essential for strict ev aluation.

6 Conclusion In this pap er, we hav e prop osed a nov el query ex- pansion metho d based on word con tribution, which is a measure of the in uence of a word to query- do cument similarity . Through the analysis of word contribution on queries and relev an t do cuments, we set a hypothesis that words with highly nega- tive contribution are words which discriminate rel- ev an t do cuments from other do cumen ts in the data collection. Based on this h yp othesis, we devel- op ed a query expansion metho d which adds suc h words and their weigh ted contribution to the orig- inal query . First, we ev aluated our query expansion b y ex- p eriments using relev ance feedback information. Results from these exp eriments prov ed the e�ec- tiveness of our prop osed metho d. Second, we made ev aluation exp erimen ts based on pseudo feedbac k. The results from these exp erimen ts were dissatisfy- ing. Through the analysis of our results, we came to the conclusion that an improv emen t on the weigh t- ing of extracted w ords was necessary . Ho w ev er, simulation of an established query ex- pansion metho d on our data show ed that an im- prov emen t on the indexing pro cess, or, in other words, the dictionary used for our morphological analysis program was also necessary for the im- prov emen t of our results. W e b elieve impro v emen t of the morphological analysis program (or the ap- plication of a common-used program) is indisp ens- able for future dev elopmen t. One of our future studies will b e the impro v e- ment of the w eigh ting formula for extracted words. W e consider it necessary to develop a new weigh ting metho d to cop e with the w ords with extremely high contribution v alues. W e also wan t to examine the word contribution of query-do cumen t similarity of non-relev an t do cuments, whic h we hav e not made detailed analysis yet. Analysis on non-relev an t do c- uments should b e helpful in our relev ance feedback metho d. Ac kno wledgmen ts The authors would like to appreciate the re- searchers in the Knowledge-Based Information Pro- cessing Lab of KDD R&D Lab oratories for their fruitful opinions. W e will also express gratitude to Shigeki Ohira of W aseda Universit y and Marko Herzog of HTW Dresden for their tremendous ef- forts on our participation to TREC. References [1] M Iwa y ama, and T T okunaga: \A Probabilis- tic Mo del for T ext Categorization: Based on a Single Random V ariable with Multiple V al- ues", Pro ceedings of 4th Conference on Ap- plied Natural Language Pro cessing, pp.162- 167, 1994. [2] S Rob ertson, S W alk er, S Jones, M Hanco ck- Beaulieu, and M Gatford, \Ok api at TREC- 3", Overview of the Third T ext REtriev al Con- ference, pp 109-125, 1994. [3] A Singhal, J Choi, D Hindle, D Lewis, and F Pereira: \A T&T at TREC-7", The Seven th T ext REtriev al Conference, 1998. (to b e pub- lished)