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Abstract

It is difficult to improve retrieval effectivenessisingonly
keyword-basedretrieval, the major methodin document
retrieval, due to its high dependencen statisticalword
distribution. We thereforeproposea methodto enhance
retrieval effectivenessusing dependeng relationshipsbe-
tweenwords in a sentence. In our method,we createa
Structuredindex, representedby a binary treethroughde-
pendeng analysisand compoundnounsanalysisbasedon
aword bigram.

This paperdescribe®ur methodologyandshavs there-
sult of theretrieval experimentson the IR testcollectionof
NTCIR1.

1 Introduction

In recentyears databaseshave becomeeasily accessed
throughthe Internet,aselectronicdocumentdecomemore
commonand high performancecomputerdessexpensve.
As a consequencét hasbhecomemportantfor usersto be
ableto easilyretrieve theinformationthey wantfrom large
databasedy phrasingtheir searchparametersn natural
language[l

However, the keyword-basedetrieval system,which is
commonin documentetrieval, doesnotmeettheserequire-
ments. Instead,it requiresusersto write comple logical
expressiondor queriesand presentghe searchoutputin
a disorderedmanner Thereare somesearchenginesthat
arrangethe searchoutput usingthe vector spacemodel or
the Term Frequeng Inverted DocumentFrequeng (TF—
IDF) model[d. However, thereareolvious limitations in
retrieval effectivenesdecausat is difficult to searchdocu-
mentsusingonly querywords andtheir statisticalcharac-
teristics.

On the other hand, muchwork hasbeendonetowards
solving theseproblemsusing naturallanguageprocessing
methods[R Morphologicalanalysiscouldbeonepractical
methodthat can be usefulin information retrieval. More
advancedechniquesf natural language processingare only
effective in limited applicationgd4][5].

We have previously proposedan information retrieval
method for Japanesdanguageusing the dependeng of
wordsin the text andin the query[§ and shawn that our
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methods superiotto TF—IDF[7] onaprototypesystenwith

a smallcollectioncontainingonedatabasdield. However,

the effectivenesds not enoughin theretrieval experiments
on alarger collectionwhich coversmorefields thanin the
previous study[8][9].

In this paper we reportthe resultof applicationof our
methodto IR testcollectionof NTCIR1, and considerthe
effect of the retrieval methodusing dependeng between
words.

2 Structured Indexing M ethod

To improve the effectivenessf retrieval, we proposeanin-
formationretrieval methodusingthe dependeng relation-
ship betweernwordsin a sentence.Sincethe ambiguity of
words decreasedy consideringthe relationshipsbetween
them,the performancef theretrieval systems expectedo
behigher

To utilize word dependengin informationretrieval, we
createaStructuredndex representelly abinarytree , which
shaws the dependeng betweenwords. Figurel is an ex-
ampleof a Structuredndex.

A Structuredindex includesthreeelements.Thefirst is
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Figure2: Processindow of our system

‘conceptwords’, which symbolizea conceptandareplaced
ontheleafnodesn the Structuredndex. Theseconds the
‘relation word’, which associateswo conceptwords. The
third elemenis the‘category’ into whichrelationwordsare
classifiedaccordingto semanticsimilarity. Relationwords
andtheir category are placedon the internal nodesin the
Structuredndex.

In this way, we areableto constructa hierarchicalstruc-
ture of conceptsandtheir dependengrelationships.What
we especiallyemphasizes thatbecausef its hierarchical
nature,a Structuredindex treatsa sentencén more detail
thananindex thatreliesonly uponthe binaryrelationsbe-
tweenwords.

Secondlywe considerreducingtheusersworkload. Our
systemrequiresa query to be phrasedin pseudo-natural
languagesuchastheexpressiongoundin adocumentstitle.
In this way, userscaneasily expresstheir requestsn their
gueries.Anothersolutionis to ranktheretrieveddocuments
accordingto the similarity of their meaning. Userscan
therefordocatethe documenthey wantmoreefficiently.

Thewhole systemin which the abose conceptsarereal-
izedis shown in Figure2. Herewe will presentanoutline
of our system.

Thefirststepin indexing ismorphologcal analysis,which
separatethewordsin the sentencénto conceptwordsand
relationwords. Thesecondstepis dependenganalysisand
compoundhounsanalysiswhich providesthe dependeng
relationshipbetweenconceptwordsin a sentence.Then,
thesystencreateghe Structuredndex.

As well, the retrieval queryis structuredin the form of
a binary tree throughthe sameprocessasindexing. Our
systemcompareghe structuredquery and the Structured
Index, scoreghemfor similarity andpresentshe outputto
theusersn order

In the following two sectionswe describein detail the
indexing methodandtheretrieval andscoringprocesses.

3

In this section,we presentthe three processe®f making
a Structuredindex: morphologicalanalysis,dependeng

Indexing Method

analysisandcompounchounsanalysis.

3.1 Morphological Analysis

To decidethe dependeng in sentencesye divided them
into the conceptwords and the relation words using mor
phologicalanalysis. In our definition, conceptwords in-
clude nouns,adjectves, adwerbsand constituentf com-
poundnouns,andrelationwordsinclude a post-positional
particles,auxiliary verbsandtheir combinations.We also
classifiedrelationwordsinto 18 categories. Table 1 shavs
all catggoriesandtheirtypical elements.

3.2 Dependency Analysis

We usedtheorderof relationwordsin thesentencegr ‘title
pattern’ to definethedependengrelationshipbetweercon-
ceptwords. For example atitle suchas' EEZE DARSZIT 1
WA RV CERR T (A methodof documentetrieval
usingdependengrelationshipetweenvords)belongsto
thetitle pattern'A @ B % v 7z C' (C usingB between
A), whereA, B andC areconceptwordsor their combina-
tions. In orderto apply ‘title pattern’to naturallanguage
sentenceswe translateall sentencesnto pseudo-natural
languagessimply eliminatingthelastrelationword.

We manuallyassignedhe dependeng relationshipbe-
tweenwordsto ary title pattern which appearednorethan
threetimesin thetitles of 3666scientificandtechnicaldoc-
uments.It becameclearthattwo relationshiptypesexisted
for titles of at leastthreeconceptwords: for the first type
we couldgive only onedependengrelationshipandfor the
secondmorethantwo.

For thelattertype,we determinedhedependengpattern
accordingto the existenceof a ‘generalword’ atthe endof
thesentenceA generalword is alessimportantword such
as‘ 5t (study) or ‘3222’ (proposal) which doesnot have
adependengrelationshipwith a particularword in thetitle
but with all the title thatprecedest. We defined53 words
asgeneralwords,includingthe abore, ‘FEifli’ (evaluation),
‘ZEI (implementation)and so on. For example, let us
considerthe title that hasthreewords and belongsto the
title pattern‘A 123317 % B @ C'(C of B on A) (Figure3).
If thetitle hasa generalword at the end, its title patternis
ontheleft of Figure3. Otherwiseits title patternis on the
right.

If the dependeng patternis not decidedby thetitle pat-
tern, we usethe ‘extendedtitle pattern’in which arelation
word is replacedwith its category name.

When the dependeng patternis not decided,even by
the extendeditle patternwe divide the sentencénto small
parts using heuristics,then give a dependeng patternto
eachpart. This methodis importantfor maintainingthe ef-
fectivenes®f our retrieval systempecausehedependeng
patterngivenby thismethods correctiocally in mostcases,
evenif thetotal dependengpatternis incorrect.

For the dependenganalysiswe definel05title patterns
(62 areof 3 conceptwordsand43 areof 4 conceptwords)



Tablel: All categyoriesof relationwordsandtheir typical elements.
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and 73 extendedtitle patterns(40 are of 3 conceptwords
and33areof 4 conceptwords).

3.3 Compound Nouns Analysis

It is known thata compoundnouncanbetranslatednto a
sentencdy supplementingt with suitablefunctionwords
betweerits constituentvords[10][11]. We usethis princi-
ple to give a dependeng relationshipto compoundnouns
and to placethem within the framewvork of a Structured
Index.

Thecentralproblemof this methodis determiningwhich
relationwordscanbesupplementetietweerconceptvords.
We supplementherelationword‘ ¢’(of) asageneralprin-
ciple becaus®f our statisticalinvestigationconcerningco-
occurrence®f conceptwords and relationwordsin com-

Whenthe supplementaryelationwordsaredecidedwe
analyzethe dependeng betweenthe conceptwordsin the
compouncdhouns.For the dependenganalysiswe propose
to useword bigramstatisticswhich arestatisticsof thefre-
queny with whichthetwo wordsappeamnext to eachother
in compoundnouns. The word bigram canbe considered
asthe strengthof therelationshipbetweernthe two concept
words, if enoughsamplesareused. In our system for the
dependeng analysisof the compoundnounswe use 814
bigramdata,which appeamorethan 10 timesin a 60507
bigrampickedup from 13615titles.

Theseprocessearedoneautomatically All thesentences
aregiventheirdependengpatterrandstructuredn theform
of a Structuredndex.

4 Retrieval and Scoring

In our system retrieval queriesarein the form of pseudo-
naturallanguagelik e articletitles. They arethereforestruc-
turedin theform of abinarytreethroughthesameprocesses
explainedin section3. As aresult,retrieval in our system
is a questionof matchinga binarytreeof queryandbinary
treesof documents.

In this sectionwe definethesimilarity scoreof thequery
andthe documentthe methodof matchingandscoringon
wordsandtheir dependeng

4.1 Total Score

A documenthassereral elementssuchastitle or abstract,
which hasits own characteristicef information. To reflect
theirdifferencego scoringdocumets,eachelementisgiven



both word scoreand dependeng scorerespectiely. Total
scoreof documentd is the linear combinationof the word
scoreandthe dependeng scoreof eachelementsyhich is
shavn in Equation(l).

Sd = Z(m‘wb X SWb + l‘db X S_Db)
b
whereSW, andS D, areword scoreanddependengscore
givento thedocumentielementh, andzw, andzd, arethe
weightsof them,respecitiely.

)

4.2 Scoring on Words

Our systemscoreghe matchedvordsin the sentenceising
TF-IDFE Then, the scoreof matchedwordsis definedas
Equation(2).

n

SW, =Y _ tfidf(w;)s; 2)
j=1
wherethe variablein the equationis
SW, word scoreof element
w; j-thwordin thequery
n : thetotalnumberof wordsin
thequery
5. { 1 whenwordw; is matched
J 0 otherwise
tids;) = log(t(uy) + Dlos(7ES) (@
tf(w;) frequeng of word w; in theelement
df (w;) thenumberof documentsvhich
containtheword w;
N thetotal numberof thedocuments

4.3 Scoring on Dependency

While someelements suchas abstracthave several sen-
tences,we must definethe semanticsimilarity betweena
binary treeof the queryanda setof binary treesof the el-

ement. First, we measurehe similarity betweena binary
treeof the queryandall the binarytreesin the element.In

this stagethereareseveraldefinitionof thesimilarity of the
gueryandthe element.

¢ calculatingthetotal of the similarity scores
¢ calculatingthe averageof the similarity scores

¢ selectingthe maximum score out of the similarity
scores

In this paperwe selectthe maximumscoreasthesimilarity
betweerthe queryandthe element.

The similarity scorebetweenbinary treesof queryand
eachbinarytreein the elements calculatedoy the sumof
all scoresof dependengrelationshipsvhich arecalculated
accordingto the following two matchingcriteria.

Table2: Weightof thescoring

parameter| value

TWeitle 1
TWabstruct 1

xdtitle 0.1
Tdabstruct 0

First, we considerthelevel of matchingbetweerthetwo
dependencieskvenif thetwo dependencielBave the same
words, their semanticsare often different becauseof the
differenceof their dependeng relation. Then, we evalu-
atethe similarity of the two dependencieaccordingto the
following threelevels.

Exact Match Two relationwordsarethesame.

Category Match Two relationwordsaredifferentbut their
catgyoriesarethesame.

Wild Match Both two relationwordsandtheir cateyories
aredifferent.

Secondwe usethenotionof importancen thecollection.
Sincetheimportanceof thedependengcgrows accordingto
the importanceof modifier and modificand,we adoptthe
productof TF—IDF scoresof modifierandmodificandcal-
culatedby Equation(3) astheimportarceof thedeperdercy.

Now we calculatethe scoreof the dependeng by mea-
suringits similarity with the above two matchingcriteria.
Thescoreis shovn in Equation(4).

SDy = LD(dj)IW (wl;,wr;) 4)
=1

wherethevariablein theequationis

LD(d;) theweightfor thematchinglevel
of thedependengd;
(Exact,Category, Wild)
theweightof importanceof
dependengcderivedfrom words
wl; andwr;

tfidf (wl;)tfidf (wr;)

IW (wl;, wry)

5 Experimentsand Evaluation

We shaw the resultof experimentalretrieval, usingIR test
collectionof NTCIR1. Our systemusesthe ‘DESCRIP-
TION’ field of IR topic asqueriesandthe ‘TITL TYPE-
"kanji” ' and the ‘ABST TYPE-"kanji”’ field of dataas
target elementsof retrieval. The weight parametersn the
Equation(1) are showvn in Table2. The weightsfor the
matchinglevel of the dependeng in the Equation(4) are
shavn in Table3.



Table3: Parametefor the bestperformancen theseexper
iments

value
ExactMatch1.0

Catggory Match0.9
Wild Match0.1

parameter]
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Figure4: 11-pointrecall-precisiorcurves

Figure4 is 11pointrecall-precisiorcurvesof the TF—IDF
methodand Structuredndex methodfor the averageof 53
topics. Table4 shavs normalizedprecision. Theseresults
are gainedwhenthe relevant article setis the sum of the
articlesin ranksA andB.

In this resultof averageof 53 queries,it seemghat the
differencebetweerthe TF—IDF methodand Structuredn-

dex methodis small. However, the resultvariesdepending

on queries. For somequeriesthe useof dependengrela-
tionsimprovesretrieval, but givesworseresultsfor others.
A preliminary analysisof the individual resultshows that
severalfactorsinfluencetheretrieval performance.

M atching method of dependency relationship The sys-
tempermitsfor now semanticallyncorrectdeperdercy
in scoringthe document.For example,the correctde-
pendeng relationshipin aqueryWWW St » 7
D43H7 (analysisof thetraffic of WWW) is ' WWW
Z b v 7 ’(thetraffic of WWW) and‘ b T & v 7 D4y
#r'(analysisof the traffic). Our systemusesnot only
thesetwo dependenciebut alsothe dependengrela-
tionship'WWW 4347’ (analysisof WWW), whichis

Table4: normalizedprecision

method

TF-IDF Method
Structuredndex method

| normalizedprecision

0.2475
0.2469

incorrectsemanticallyin matchingandscoringof the
sentenceFor thetitle retrieval, usingsemanticallyin-
correctdependenciets effective in retrieving relevant
documents.For the abstractretrieval, however, much
more non-releyantdocumentsare retrieved thanrele-
vantdocumentdby usingthoseincorrectdependencies.
It is becausehe informationcontentin an abstracts
largerthanthatin atitle.

Length of a sentence Becausanunimportantiependeng
relationis matchedmary timesin along sentencethe
sentences oftengiventoo heighscore.ln aquery* 4>
ARy U BEICRIT D AT 7 REEORE
&’ (Solutionof themediasynchronizatioproblemon
the distributednetwork ervironment),the dependeng
relationship* R & &' (Solution of the problem)is
lessimportantthan * A7 ¢ 7 RI#i’'(media synchro-
nization). However, along sentencen which the for-
merdependengoccursfivetimesis givenhigherscore
thana sentencen which the latterdependengoccurs
only onetime. As theresult,the rank of the relevant
documenimatchedoy theimportantdependengrela-
tionshipislowerthanthatof thenon-relevart document
matchedmnary timesby theunimportantdependeng

Importance of the dependency The dependeng scoreis
strongly influencedby the TF of modifier or modifi-
candbecausé containgheproductof TF—IDFsof the
modifierandthe modificand.

In the caseof a query ‘ATM #8% v 7= TCP/IP&
gD AN—7 v b (Throughputharacteristiof
TCP/IP communicatiorusing ATM network), a non-
relevantdocumentin whichTCP/IP’ and'IP i&{&’(IP
communicationpccuris givenhigherscoreof depen-
deng thanarelevantdocumentin which‘TCP/IP’ and
‘ATM #8'(ATM network) occur Oneof the reasonof
this incorrectscoringis thatthe TF of ‘TCP’ and'‘IP’
of theformerdocumenis muchlargerthanthatof the
latterdocument.

similarity between the query and theelement It some-

timeshasabadinfluenceontheretrieval performance
that the systemusesthe maximal one out of all de-
pendeng scoresof sentencesn the elementas the
similarity betweerthe queryandthe element.

For the samequery in the previous item, while the
scoreof dependeng of anotherrelevant documents
thatof the sentencén which the dependeng* A /L—
7 v b (throughputcharacteristics)ccurs, thede-
pendeng ‘ATM #8'(ATM network) and‘TCP/IP’ also
occurin anothersentenceof this document. On the
other hand, only two dependeng ‘TCP/IP’ and ‘IP
1B{E’(IP communication)occurin the previous non-
relevantdocument.However the scoreof documenof
thelatter non-relerantdocumenis higherthanthat of
theformerrelevantdocument.



6 Conclusion

In this paper we proposeda nev methodfor information
retrieval, a retrieval systemusingthe dependeng between
words. We performedexperimentalevaluationsof our sys-
temusingIR testcollectionof NTCIR1. Theresultvaries
dependingn queries.For somequeriesusingdependeng
relationsimprovesretrieval, but givesworseresultsfor oth-
ers.

Our methodmay not be effective enough sincethereare
still someproblemsin dependeng analysisand matching
andscoringmethod.

We will improvethematchingalgorithmbasednathor
oughanalysisof the differencebetweemon-releantdocu-
mentandrelevantdocumentn theretiieval outputs. Alsowe
will determinghe scoringmethoddependingon thelength
of sentenceandtheappropriatalefinitionof theimportance
of thedependeng

The presentsystemusesthe maximumscoreout of all
dependeng scoresof sentencen the elementasthe sim-
ilarity betweenthe queryandthe element. Althoughit is
not cleartheinfluenceof this definition of similarity on the
retrieval performancewe will do further experimentsand
definesimilarity betweerthe queryandthe elementwhich
reflectsdependengrelationshipsn all sentencesf the el-
ement.

The influenceof the above factorson the retrieval per
formanceseemgo vary dependingon queries. We should
optimizeretrieval performancef our systenmfor eachquery
andmale clearthe relationbetweenabove factorsandthe
characteristicef queries.We hopetheresultwill helpusto
achiere abetterretrieval system.
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