Automatically Extracting Synon ymous Relationship

of T ec hnical T erms using a Graph-based Metho d

Akiko AIZA W A, Kyo KAGEURA, Noriko KANDO

National Center for Science Information Systems

2-1-2 Hitotsubashi, Chiyo da-ku, T oky o 101-8430, Japan

akiko@rd.nacsis.ac.jp,ky o@rd.nacsis.ac.jp,k ando@rd.nacsis.ac.jp

Keita Tsuji

T oky o Universit y

3-7-1 Hongo, Bunkyo-ku, T oky o 113-0033, Japan

i34188@m-unix.cc.u-tokyo.ac.jp

Abstract

Multilingual keyw ord clusters with similar mean-

ings are recognized to b e crucial linguistic re-

sources in information retriev al across language or

cultural b oundaries. Howev er, the construction of

suc h resources could easily b ecome a b ottleneck in

academic research �elds since most of the keyw ord-

s are domain-sp eci�c. Based on the background,

w e rep ort in this pap er a metho d for automatically

generating Japanese and English keyw ord clusters

of technical terms, using bilingual keyword corpus

automatically extracted from databases of academ-

ic pap ers.

1 Intro duction

The explosive growth of online do cuments has in-

creased the need for information retriev al (IR) sys-

tems that cross language or cultural b oundaries.

In recent years, the topic has b een one of the most

activ ely pursued in IR research �eld. One esp e-

cially interesting and imp ortant research in rela-

tion to this is automatic construction of domain-

dependent multilingual thesaurus.

In this pap er, we rep ort our attempt to auto-

matically generate Japanese-English bilingual key-

wor d clusters, each of which is comp osed of tech-

nical terms with similar meanings from b oth lan-

guages. An example of such keyword cluster is

sho wn in Figure 1 where more than one synony-

mous words are collected from each language. Our

preliminary investigation show ed that such key-

w ord clusters not only help searchers of multilin-

gual scienti�c databases but also b e utilized in ex-

panding query terms in monolingual search.

Figure 1: Example of a bilingual keyword cluster.

The information source used in our study is

one-to-one corresp ondences of Japanese-English

keyw ord translation pairs automatically extract-

ed from the target databases. W e hav e observed

that the extracted translation pairs, also referred

to as bilingual keywor d corpus in this pap er, p ossi-

bly maintain very high degree of precision, which

means considerable amount of information useful

for IR is emb edded in low frequency pairs. Some

of the keyw ord pairs extracted from our keyword

corpus is shown in T able 1. Note that although

the ma jority of the pairs are correct, the corpus

do es contain a few errors such as < information

retriev al, (keywor d) >.

The basic idea of our clustering strategy is to

adopt a graph-based approach instead of the s-

tatistical ones, which seem dominant in the con-

ven tional corpus-based studies. The adv an tage of

the graph theoretic view is that it provides us a

wa y to distinguish improp er translation pairs from

the correct ones utilizing not only the frequency

AdInfo2000: the First International Symp osium on Adv anced Informatics, p.59-62 (2000) 2

T able 1: Example of Japanese-English keyword

correspondences extracted from the database.

Japanese keywords English keywords frequency

information retrieval 1

keyword 39

keyword 1

information retrieval 1

information gathering 4

information retreival 1

information retrieval 320

information search 5

information gathering 6

information retrieval 1

statistics but also the graph top ological informa-

tion. This enables us to maintain rich expression-

al v ariations and minor examples in the generated

cluster. In the following, the outline of our clus-

tering metho d together with some of the recent

researc h topics is brie y intro duced.

2 Keyword Cluster Genera-

tion Pro cedure

In the prop osed approach, the bilingual keyw ord

pairs are �rst transformed into a tangled graph of

Japanese and English keyw ords. Next, signi�cant

k eywords and their translation links are detected

using their frequency information. Then, applying

the "minimum edge cut detection algorithm" of

the traditional graph theory

, improp er translation

links in the graph are identi�ed and eliminated.

Consequen tly , the sub-graphs of the original key-

w ord graph are partitioned into semantically asso-

ciated clusters of bilingual keywords [1][3][4][8][9].

The outline of the prop osed clustering metho d is

summarized in Figure 2.

Applying the metho d to the keyw ord corpus

with 60,186 di�erent translation pairs, we hav e

obtained 27,918 keyw ord clusters. The execution

time needed for the calculation was ab out 4 to 5

min utes using Ultra2 workstation, which shows the

applicabilit y of the prop osed graph-based metho d

to large scale problems. The detected errors were

analyzed manually for the ev aluation, and the re-

sults show ed that only 27 out of the examined

951 pairs are eliminated mistakenly

. Based on

this and other exp erimental results including the

one using a standard IR test collection, we have

concluded that the prop osed metho d successfully

generates keyword clusters useful for IR applica-

tions. Our current system provides ab out 270,000

clusters generated automatically from keyw ords of

350,000 academic pap ers registered to NACSIS A-

cademic Conference Database. The details of the clustering metho d and other exp erimental results

are describ ed in references [1]-[10] presented by the

authors.

3 Related Researc h T opics

3.1 Automatic Extraction of T rans-

lation Pairs

Though the information source used in our present

study initially was the Japanese and English key-

word lists assigned to academic pap ers by the au-

thors, the prop osed graph-based metho d is fairly

general and applicable to wide range of roughly

aligned bilingual term pairs.

The applicability was con�rmed by our recent

study where bilingual keyword corp ora automat-

ically extracted from Japanese and English titles

of academic pap ers are used for cluster generation

[10]. In the study

, we �rst apply morphological and

lexical pro cessing to titles in each languages and i-

dentify domain sp eci�c keyw ord units. Then, bilin-

gual pairs of these units are automatically extract-

ed from the sentence- (title-) level aligned corpus

by adopting a simple statistical weighing scheme

as well as some heuristics to reduce noises. The

resulting pairs are then used to generate an ini-

tial keyw ord graph, based on which bilingual key-

word clusters are generated using the graph-based

metho d we have already explained in the previous

section.

The exp erimental results show ed that the qual-

ity of the generated clusters are fairly go o d. In

addition, it b ecame clear that the conditions used

in cluster generation have signi�cant in uence on

the p erformance. W e are now improving the result-

s by incorp orating dynamic parameter adjustment

at the cluster generation stage.

3.2 Context Sensitive Keyword

Sense Disambiguation

Although the prop osed metho d primarily uses fre-

quency and graph top ological information for the

detection of improp er translation pairs, seman-

tic disambiguation is still needed when (i) select-

ing translation links for deletion when more than

one candidates exist, and also when (ii) deter-

mining the cluster for keywords asso ciated with

homonymous words. Since the number of candi-

dates is greatly reduced by the graph-based pro-

cedure, the disambiguation pro cess can b e more

time-consuming.

F or this purp ose, we hav e examined a metho d

for calculating asso ciation scores b etw een keyword

pairs utilizing co-o ccurrence, or the "context", in-

formation of the target corpus [6][7]. In the pro-

AdInfo2000: the First International Symp osium on Adv anced Informatics, p.59-62 (2000) 3

Figure 2: Overview of the prop osed keyw ord clustering pro cedure.

posed metho d, a set of keywords that app ear in the

same text segment is connected by a single asso ci-

ation link, which results in the huge and tangled

k eyword graph similar to the one used in gener-

ating bilingual keyword clusters. Since most key-

w ords in the graph are connected to each other in

this case, the asso ciation score of a given keyword

pair can b e calculated as the av erage path length

betw een the selected keyw ords on the graph.

In the exp eriments, we have actually generat-

ed a large-scale keyw ord asso ciation graph from

NA CSIS Academic Database using the keyw ord

lists of the pap ers as text segments. The gener-

ated graph was then applied to text classi�cation tasks where the similarity b etw een a do cument and

a category was calculated based on the asso ciation

score b etween the keyw ords on the graph. The

result show ed that the prop osed asso ciation mea-

sure works e�ectively compared with other existing

measures such as mutual information or contex-

t vector, esp ecially when the sparseness problem

exists. Though we hav e not yet integrated the t-

wo di�erent typ es of keyword graphs, the bilingual

keyw ord graph and the keyword asso ciation graph,

we manually tested a few example cases and con-

�rmed that the prop osed asso ciation measure is

also useful to improve the clustering results.

AdInfo2000: the First International Symp osium on Adv anced Informatics, p.59-62 (2000) 4

3.3 Query Expansion in Real Scale

Information Retriev al

The generated clusters were also incorp orated into

the IR system now under developmen t at NAC-

SIS, and the applicability to real-scale IR appli-

cation was ev aluated using (i) the monolingual IR

task (J-J task) where Japanese do cuments are re-

triev ed using Japanese queries, and also (ii) the

cross-lingual IR task (J-E task) where English do c-

umen ts are retrieved using Japanese queries. The

searc h p erformance is tested against the test ver-

sion of the "NACSIS T est Collection 1" which con-

tains 338,668 Japanese and 186,809 English do cu-

men ts [2][5].

In the ev aluation, queries were initially submit-

ted as Japanese natural language sentences. These

sen tences were �rst segmented into words using

a Japanese morphological analyzer. Then, query

terms were automatically identi�ed using several

patterns de�ned ov er part-of-sp eech tags. Next,

eac h query term was expanded using the generat-

ed bilingual keyword cluster. The retriev al results

produced by Op entext 6 showed 11.7% improv e-

men t for the J-J task using 11 p oint average search

e�ectiv eness ov er the b aseline, which is the p erfor-

mance without query expansion. F or the J-E task,

the 11 p oint average p erformance was 46.6% com-

pared with the case where the original Japanese

query terms are applied to the Japanese corre-

sponding of the target English do cuments. The

a verage term expansion p er a query was 10.7 for

J-J task and 6.81 for J-E task.

The p erformance is comparable to the b est of

the existing cross-lingual IR metho d without rele-

v ance feedback (40 - 60 %). This is considerably

goo d considering that we have not employ any �ne-

tuning for the target IR task. Based on the result-

s, we conclude that the bilingual clusters gener-

ated by our metho d are quite promising b oth in

cross-lingual IR and monolingual IR. W e have al-

so examined the IR p erformance against di�erent

clustering conditions, and it was shown that the

graph-topological distance is more e�ective than

the simple frequency information in selecting terms

for expansion.

4 Conclusions

In this pap er, we have brie y intro duced our ap-

proac h to automatically generate multilingual key-

w ord clusters using bilingual keyw ord corpus au-

tomatically extracted from databases of academic

papers. After ev aluating the generated clusters by

man ual analysis and through real-scale IR appli-

cations, we recognized that the followings p oints

are imp ortant to improv e the p erformance: (i) to adaptively control the clustering conditions de-

p ending on the size of the clusters, (ii) to identify

the centralit y or signi�cance of the keyw ord with-

in the sp eci�ed cluster, (iii) to enable incremental

up date of keyw ord graph as well as interactiv e ex-

traction of a cluster which contains a submitted

query term. These issues are left for future study .

Ackno wledgemen t

The research rep orted here is a part of the re-

search pro ject \A Study on Ubiquitous Informa-

tion System for Utilization of Highly Distributed

Information Resources", granted by the Japan So-

ciety for the Promotion of Science.

References

[1] Aizawa, A. and Kageura, K. (1998) An Appr o ach

to Automatic Generation of Multilingual Clusters of

T e chnic al T erms base d on Jap anese-English Keywor d-

s given by Authors of Ac ademic Papers. in Pro c. of

the 4th Annual Meeting of the Asso ciation for Natural

Language Pro cessing, p.66-69.

[2] Kando, N., Aizaw a, A., Tsuji, K., Kageura, K. and

Kuriyama, K. (1998) Cross-L anguage Information R e-

trieval and Automatic Construction of Multilingual

Lexic ons. 1998 Annual Meeting of the American So-

ciety for Information Science.

[3] Aizawa, A., Kando, N., and Kageura, K. (1998)

A Gr aph-b ase d Method for Automatic Gener ation of

Multilingual Keywor d Clusters and Its Applic ations.

International Joint W orkshop on Digital Library (I-

JWDL’98).

[4] Aizawa, A. and Kageura, K. (1998) An Appro ach to the

Automatic Generation of Multilingual Keyword Clus-

ters. Pro ceedings of the First W orkshop on Computa-

tional T erminology (COMPTERM’98), p.8-14.

[5] Kando, N. and Aizawa, A. (1998) Cross-lingual infor-

mation r etrieval using automatical ly generate d multi-

lingual keywor d clusters. the 3rd International W ork-

shop on Information Retrieval with Asian Languages.

[6] Aizawa, A. and Kageura, K. (1999) Evaluation of

Graph-b ase d Similarity Measur e thr ough Automatic

Classi�cation of A c ademic T exts. Pro c. of the 5th An-

nual Meeting of the Asso ciation for Natural Language

Pro cessing, p.217-220.

[7] Aizawa, A. and Kageura, K. (1999) Calculating asso ci-

ation betwe en terms utilizing keywor d lists of academic

pap ers. the Sp ecial Interest Group Notes of IPSJ, NL-

131-8, p.55-62.

[8] Aizawa, A. and Kageura, K. (2000) Automatic Gen-

eration of Clusters of Synonyms Utilizing Jap anese-

English Keywor d Lists of Ac ademic Pap ers. Journal of

Information Pro cessing So ciety of Japan (to app ear).

[9] Aizawa, A. and Kageura, K. (2000) An Appr o ach to

the Automatic Generation of Multilingual Keyword

Clusters. in Recent Adv ances in Computational T er-

minology edited by Bouligault, D., Jacquemin, C. and

l’Homme, M-C., John Benjamins (to app ear).

[10] Kageura, K., Tsuji, K., and Aizawa, A.(2000) Au-

tomatic Construction of Bilingual Thesauri. Pro c. of

the 6th Annual Meeting of the Asso ciation for Natural

Language Pro cessing (to b e presented).