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Abstract

This paper reports the results of NTCIR experi-
ments on Japanese and English text retrieval carried
out with the OASIS System. The OASIS system is de-
signed to support multiple languages. The main aim
of these experiments is to test particular methods to
support Japanese. Results showed that some improve-
ments in the search engine need to be considered.
More experiments are needed to test the effect of auto-
matically query expansion using top relevant ranking
documents.
Keywords: OASIS, search engine, phrasal indexing,
vector space model, full text searching.

1 Introduction

Presentlytherearea numberof searchenginesde-
signedto supportmultiple languages,includingsome
that supportJapanese[1]. The OASIS systemis one
suchsystem. Our aim in participatingin the NTCIR
Workshopis to testsomemethodsto seehow well OA-
SISsupportsJapanese.Thebasicideaof ourapproach
is to convert Japanesetext into Englishencodingand
to applymethodsusedin Englishtext retrieval thatare
designedin theOASIS system.Someideasof index-
ing methodsfor documentsin Japaneseappliedhere
aretaken from citations[6, 3, 7, 8]. Classicalmeth-
odsandinformationprocessingtechniquesconcerning
Japanesetexts presentedin [5] werealsovery useful

in our work. The paperis organizedasfollows. The
shortdescriptionof theOASIS systemis presentedin
section2. Methodsusedin our testsaredescribedin
section3. Retrieval resultsarediscussedin section4.
Final remarkscanbefoundin section5.

2 Description of the OASIS System

OASIS (Open Architecture Server for Informa-
tion Searchand Delivery) was developedby an in-
ternationalconsortiumin theframework of theINCO
Copernicusprogramof the Commissionfor the Eu-
ropeanCommunities1 in 1997 - 1999. The OASIS
servicepresentsadistributedsystemof Internetsearch
engines.Thesystemprovidessearchservicesfor plain
text andHTML documentsstoredonpublicly accessi-
bleHTTPandFTPserverson theInternet.

Every OASIS server keepsa local index of rela-
tively smallportionof documentsavailableon theIn-
ternet. As most usersqueriesare subjectoriented,
topic specific indexes are requiredfor scalabledis-
tributedqueryprocessing.OASIS serversarenot re-
quiredto be mutually exclusive in termsof the topic
areasthey cover. It is possibleto have morethanone
server thatcoveror overlapthesametopic area.

A usercancontactany OASIS serverwith a search
query. Thisqueryis thenprocessedlocally by theOA-
SISserveror automaticallypropagatedto otherservers
in the system.If the queryis propagated,the OASIS

1OASIS,ProjectPL 1116-96,INCO Copernicus,Framework IV.



server that received the userqueryactsasa client of
otherOASISservers.Beforereturningaresultdataset
to the searchinitiator, the client OASIS server elimi-
natesduplicaterecordsand sortsthe resultsby their
relevancescore. The OASIS systemis optimizedfor
processingpoorly specifiedsearchcriteria. It plays
a specialattentionto userranking of resultsand the
useof this relevancefeedbackfor theimprovementof
searchresultaccuracy.

TheOASIS systemis designedto supportmultiple
languages.

The tight cooperationof academicand indus-
trial partnersfrom four countrieswas a key factor
to make this project successful. The partnersare:
St. Petersburg StateUniversity (Russia),the Univer-
sity of Tuebingen(Germany), the University College
Dublin (Ireland); andcommercialcompanies:Peter-
link (St.Petersburg,Russia),ValtekLtd. (Ukraine)and
DSI Ltd. (Russia). The systemis an open source
software. It can be obtainedfrom http://www.oasis-
europe.org.

The numbersof collectionarchitectureswerecre-
atedfor theOASIS system.Oneof theproposedvari-
antsincludesthe Isearchsystem,which is a software
packagefor indexing and searchingtext documents.
It supportsfull text searchingandusesa vectorspace
modelfor internaldocumentrepresentationandanin-
vertedfile to index documents.This softwareis in the
public domainalso, which can be downloadedfrom
http://www.etymon.com/Isearch/index.html.

MoredetailsabouttheOASIS systemcanbefound
in [2, 9].

The OASIS server used in the experimentswas
equippedby thefollowing hardware:aPCcompatible
computer, the Intel PentiumIII 667 MHz processor,
196 Mb RAM , the 20 Gb harddisk, the I820 moth-
erboard.OSLinux 6.2 wasrunningon this computer,
andit wasdedicatedfor theseexperiments.

3 Description of Methods Used

3.1 Japanese text retrieval task

Our approachincludesthefollowing steps:

� generatetokensfrom theJapanesetexts

� build a vocabulary from them

� segment documentsand searchtopic using the
vocabularyconstructed

� convert segmentedparts to a 7 bit encoding(it
was necessaryto do becauseour searchengine
doesnotsupport8 bit texts)

� index documentsandbuild aninvertedindex

� runsearch

Table 1. Distribution of keywords in the
ntc1-j1.mod collection

Length Number Length Number
in bytes keywords in bytes keywords

2 769 22 10675
4 10385 24 7439
6 24113 26 5110
8 63509 28 3477

10 50727 30 2145
12 49517 32 1357
14 36840 34 952
16 29394 36 610
18 21139 38 392
20 15498 40 251

Most researchershave reportedthat usingbi-gram
indexing for Japanesetextsusuallyproducesrelatively
betterresultsof the search,whencomparedto other
approaches[4]. We carriedout our first test to com-
parea bi-gramindexing methodanda word segmen-
tation method. The ntc1-j1.modtest collection was
usedfor this purpose.To do word–segmentationwe
wererequiredto build a vocabulary. Fields“KYWD”,
“AUPK”, “CONF” and“SOCN” from eachdocument
wereutilized to constructit. Componentsfrom these
fieldswith lengthsof morethan

�
bytesandlessthan���

bytes were selectedas words or multiple–word
phrases.(Componentswith lengthsof

���
byteswere

usedin theofficial run OASIS4 with thentc2-j0k col-
lection.) In otherwords,eachcomponentconsistedof���
	

Japanesecharacters.Non Japanesecharacters
wereemployedasword boundaries.If thecomponent
waslargerthatsevencharacters,thenonly thefirst 14
bytesof lengthweretaken into account. We tried to
find domain specific terminologyusing this kind of
theoperation.Statisticsconcerningthedistribution of
keywords in the ntc1-j1.modtest collection are pre-
sentedin Table1.

In our case,a text is sequentiallyscannedto match
a word dictionary. We appliedword–basedsegmenta-
tion baseduponbyte lengthasfollows. First, a string
consistingof 14 bytesis matchedagainstthe dictio-
nary entries; then, a string with 12 bytes of length
and so on. If a word is found, then the beginning
of the string is shifted to the end of this word. In
the other case,the beginning of the string is moved
in 2 byte segments. The systemgeneratesan index
for “TITL ”, “AUPK”, “CONF”, “CONFD”, “ABST”,
“KYWD”, “KYWE” and“SOCN” fieldsin documents
for bothbi-gramandwordsegmentationmethods.The
constructedvocabulary wasusedasan indexing base
for word-segmentationmethod.Beforeindexing, seg-
mentedparts (bi-gramsfor the first method)of the
Japanesetexts wereconvertedto a 7 bit encodingas



Table 2. Number of keywords in the ntc1-
j1.mod collection

Description Number
keywords

Totalnumberkeywords 1341957
Differentkeywords 376971
Keywordswith
lengthsof lessthan41
characters 334301
Keywordswith
lengthsof lessthan15
characters 296992

follows.EachJapanesecharacter(two 8 bit bytes)was
transformedinto a sequenceof three7 bit, printable
bytes.Querieswereautomaticallygeneratedfrom the
searchtopics. For this purposeonly the“description”
field wasemployed. The “OR” operatorwasput be-
tweenwordsin queries.

Becauseword–basedsegmentation method pro-
ducedslightly betterresultsthanbi-gramindexing, it
wasusedin theofficial runs.

Someimprovementswere madeafter sendingthe
official runs.

� First, we changedthe length of the aforemen-
tionedcomponentsto includethemin thedictio-
nary. Thevocabulary wasbuilt on thebasecom-
ponentswith a lengthof lessthan41 bytes. En-
glish termsfrom Japanesestringswerealsoput
into thevocabularyandemployedasindexing el-
ements.(This kind of changewasusedin theof-
ficial runOASIS4 with thentc2-j0k collection.)A
total numberof differentkind of keywordsin the
ntc1-j1.mod collectioncanbefoundin Table2.

� Second,theexperimentsshowedthatword-based
segmentationwith the overlap match produced
betterresultswhencomparedto themethodused
in the official runs. This kind of matchingin-
dicatesthe following. Tokens generatedfrom
the text canoverlapeachotheracrossmatching
boundaries.Many Japanesewordswereindexed
several times as separatewords and as compo-
nentsof multiple-wordphrases.

� Third, theimprovedresultswereproducedbased
uponaccuratetext segmentation:Hiraganachar-
acterswere usedas boundariesof words. We
appliedanapproachsimilar to theonepresented
in [3].

� Fourth,moreimprovementswereobtainedby ap-
plying automaticallyqueryexpansion.The sim-
plestmethodwasused.As in theofficial run, the

Table 3. Vocabularies from collections
Collection Numberof

words
ntc1-j1.mod 396161
ntc2-j0g
ntc2-j0k 386192
All together 789277

automaticallygeneratedquerywassubmittedto
thesystem.Thefirst returneddocument(from the
top of the rankinglist) wasconsideredasa new
query. All words from the indexed fields were
includedin this query. Words from an original
queryhada higherscore(two timeshigher).The
systemresponseon this querywastakeninto ac-
countasa final result.

Onemoreexperimentwasthencarriedout. Vocab-
ulariesof all Japanesecollectionswere merged into
onevocabulary. Numbersof words arepresentedin
Table 3; however, we gainednothing regarding re-
trieval improvement.

3.2 English text retrieval task

The systemindexed all of the fields in English
documents. Stop words were not eliminated from
documentsand queriesbecausesome queriesused
significant words which are typical stop-words (see
for exampleftp://ftp.cs.cornell.edu/pub/smart).Since
querieswere generatedautomatically, only the “de-
scription” fields were taken into account. As in the
caseof Japanesetext retrieval task,the“OR” operator
wasput betweenwordsin queries.We couldnot test
this approachbecausethe Englishversionof training
topicswerenot available.

4 Retrieval Results

Official runswereconductedfor all testcollections:
ntc-j1.mod, ntc2-j0g, ntc2-j0k (Japanese)and ntc1-
e1.mod, ntc2-e0g,ntc2-e0k (English). Resultsfor
JapaneseandEnglishmonolingualretrieval tasksare
presentedin Table4 andin Table5 respectively. These
resultswere calculatedusing the rel2 ntc2-j2 0101-
0149relevant file (level 2). It meansthat S-, A- and
B-judgmentsaretreatedas“relevant”. Valueswhich
wereput in thesetablesdiffer abit from official results
becauserelevant judgmentsfor eachcollectionswere
extractedfrom theaforementionedfile. Theseselected
judgmentsweregivenastheinputof thetrec eval pro-
gram. It shouldbe noted,our methodfor producing
queriesgeneratedtwo emptyqueries

���
and

��	
from

trainingsetof topicsandoneemptyquery � ���� in the
official OASIS4 run for the ntc2-j0k collection. This



Table 4. Evaluation results for the Japanese monolingual retrieval task
Run OASIS4 OASIS1 OASIS3 OASIS9 OASIS7 OASIS8

Collection ntc2-j0k ntc1-j1.mod ntc2-j0g ntc2-j0k ntc1-j1.mod ntc2-j0g
Averageprecisionat

0.0 0.4894 0.3405 0.3839 0.5625 0.4612 0.5136
0.1 0.3405 0.2511 0.2665 0.4194 0.3668 0.3490
0.2 0.2395 0.1714 0.1155 0.3374 0.2767 0.3012
0.3 0.1530 0.1410 0.1163 0.2542 0.2454 0.2193
0.4 0.1072 0.0836 0.0888 0.1912 0.1805 0.1874
0.5 0.0548 0.0730 0.0609 0.1628 0.1516 0.1446
0.6 0.0373 0.0454 0.0555 0.1319 0.1276 0.1310
0.7 0.0167 0.0326 0.0307 0.0764 0.1031 0.1073
0.8 0.0165 0.0216 0.0084 0.0475 0.0954 0.0757
0.9 0.0155 0.0113 0.0066 0.0270 0.0807 0.0415
1.0 0.0127 0.0113 0.0066 0.0101 0.0788 0.0395

Average precision 0.1145 0.0899 0.0943 0.1826 0.1759 0.1745
5 docs: 0.3021 0.1488 0.1684 0.3957 0.2326 0.2579
10 docs: 0.2617 0.1256 0.1105 0.3447 0.1930 0.2105
15 docs: 0.2284 0.1054 0.0930 0.3078 0.1535 0.1877
20 docs: 0.2128 0.0930 0.0829 0.2766 0.1349 0.1684
30 docs: 0.1773 0.0822 0.0605 0.2433 0.1178 0.1412

100docs: 0.1053 0.0391 0.0316 0.1551 0.0602 0.0742
200docs: 0.0644 0.0252 0.0220 0.1082 0.0431 0.0482
500docs: 0.0344 0.0134 0.0117 0.0615 0.0245 0.0254

1000docs: 0.0200 0.0077 0.0075 0.0380 0.0146 0.0150
R-Precision Exact: 0.1419 0.1216 0.1079 0.2036 0.1805 0.1772

Table 5. Evaluation results for the English monolingual retrieval task
Run OASIS6 OASIS5 OASIS2

Collection ntc2-e0g ntc2-e0k ntc1-e1.mod
Averageprecisionat

0.0 0.4698 0.4792 0.4302
0.1 0.3533 0.3597 0.3191
0.2 0.2849 0.2597 0.2211
0.3 0.2318 0.1901 0.1693
0.4 0.1868 0.1587 0.1258
0.5 0.1411 0.1503 0.1181
0.6 0.0834 0.0922 0.0968
0.7 0.0561 0.0675 0.0788
0.8 0.0450 0.0606 0.0628
0.9 0.0329 0.0528 0.0439
1.0 0.0322 0.0493 0.0439

Average precision 0.1565 0.1566 0.1424
5 docs: 0.2121 0.2273 0.2150
10 docs: 0.1485 0.1659 0.1750
15 docs: 0.1414 0.1379 0.1433
20 docs: 0.1348 0.1227 0.1275
30 docs: 0.1051 0.0992 0.1067

100docs: 0.0579 0.0439 0.0495
200docs: 0.0368 0.0277 0.0309
500docs: 0.0190 0.0144 0.0161

1000docs: 0.0109 0.0083 0.0093
R-Precision Exact: 0.1841 0.1778 0.1667



happenedbecausethesequeriesconsistedof words,
whichdid notoccurin thevocabulary. As it wasnoted
earlier the OASIS4 run differs from OASIS1 andOA-
SIS3 runsin two ways:Substringswith lengthsof less
than

���
byteswereusedto build avocabulary, andEn-

glish termsfrom Japanesestringswere employed as
indexing elements.For this reasonresultsof the OA-
SIS4 run aremuchbetterthanresultsof OASIS1 and
OASIS3 runs.

ColumnsOASIS9, OASIS7 andOASIS8 in Table4
show resultsfor the samecollectionsafter first two
correctionsfrom theaforementionedset.We obtained
improvementsin averageprecisionfor thelargestcol-
lection ntc2-j0k by

�����
. For other collectionsim-

provementswerealsosignificant.
Resultsof theofficial runsareasdisappointingfor

Japaneseasthey arefor Englishcollections.Addition-
ally, therankingstylesaresimilar. Theseresultsman-
dateadditionalimprovementsto our searchengine.

5 Conclusions

Resultsof participatingin the NTCIR Workshop
demonstratedtheneedto makesomeimprovementsto
our searchenginesinceit producedrelatively poorre-
sults for both EnglishandJapanesecollections. Our
improvementsfor the Japaneseretrieval task gener-
atemuchbetterresults.Themostimportantimprove-
mentsare:
� word–basedsegmentationwith theoverlapmatch

� hiraganacharactersaswordboundaries

� automaticquery expansionusing the document
from the top of the ranked list of returneddoc-
uments

Moreexperimentsareneededaswell ascarefulob-
servation on the effect of automaticqueryexpansion
from relevant documents(relevancefeedback). We
plan to carry out experimentsin which wordswith

�
bytelengthswill betakeninto account.Sinceoursys-
temconsistsof distributedsearchenginesin theInter-
net,our aim is to obtainthe mostrelevantdocuments
in responseto the query insidethe list of the first

� �
documents.
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