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Abstract

It is difficult to improveretrieval effectivenessusingonly
keyword-basedretrieval, the major method in document
retrieval, due to its high dependenceon statisticalword
distribution. We thereforeproposea methodto enhance
retrieval effectivenessusing dependency relationshipsbe-
tweenwords in a sentence. In our method,we createa
StructuredIndex, representedby a binary treethroughde-
pendency analysisandcompoundnounsanalysisbasedon
a wordbigram.

This paperdescribesour methodologyandshows there-
sult of theretrieval experimentson theIR testcollectionof
NTCIR1.

1 Introduction

In recent years databaseshave becomeeasily accessed
throughtheInternet,aselectronicdocumentsbecomemore
commonandhigh performancecomputerslessexpensive.
As a consequence,it hasbecomeimportantfor usersto be
ableto easilyretrieve theinformationthey wantfrom large
databasesby phrasingtheir searchparametersin natural
language[1].

However, the keyword-basedretrieval system,which is
commonin documentretrieval,doesnotmeettheserequire-
ments. Instead,it requiresusersto write complex logical
expressionsfor queriesand presentsthe searchoutput in
a disorderedmanner. Therearesomesearchenginesthat
arrangethe searchoutputusingthe vectorspacemodelor
the Term Frequency InvertedDocumentFrequency (TF–
IDF) model[2]. However, thereareobvious limitations in
retrieval effectivenessbecauseit is difficult to searchdocu-
mentsusingonly querywordsandtheir statisticalcharac-
teristics.

On the other hand,much work hasbeendonetowards
solving theseproblemsusingnaturallanguageprocessing
methods[3]. Morphologicalanalysiscouldbeonepractical
methodthat canbe useful in information retrieval. More
advancedtechniquesof natural languageprocessingareonly
effective in limited applications[4][5].

We have previously proposedan information retrieval
method for Japaneselanguageusing the dependency of
words in the text and in the query[6] andshown that our
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Figure1: StructuredIndex

methodissuperiortoTF–IDF[7] onaprototypesystemwith
a smallcollectioncontainingonedatabasefield. However,
theeffectivenessis not enoughin theretrieval experiments
on a largercollectionwhich coversmorefields thanin the
previousstudy[8][9].

In this paper, we report the resultof applicationof our
methodto IR testcollectionof NTCIR1, andconsiderthe
effect of the retrieval methodusing dependency between
words.

2 Structured Indexing Method

To improve theeffectivenessof retrieval, weproposeanin-
formationretrieval methodusingthe dependency relation-
ship betweenwordsin a sentence.Sincethe ambiguityof
wordsdecreasesby consideringthe relationshipsbetween
them,theperformanceof theretrieval systemis expectedto
behigher.

To utilize word dependency in informationretrieval, we
createaStructuredIndex representedbyabinarytree,which
shows the dependency betweenwords. Figure1 is an ex-
ampleof aStructuredIndex.

A StructuredIndex includesthreeelements.Thefirst is
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Figure2: Processinglow of oursystem

‘conceptwords’,whichsymbolizeaconceptandareplaced
on theleafnodesin theStructuredIndex. Thesecondis the
‘relation word’, which associatestwo conceptwords. The
third elementis the‘category’ into whichrelationwordsare
classifiedaccordingto semanticsimilarity. Relationwords
and their category areplacedon the internalnodesin the
StructuredIndex.

In this way, we areableto constructa hierarchicalstruc-
tureof conceptsandtheir dependency relationships.What
we especiallyemphasizeis thatbecauseof its hierarchical
nature,a StructuredIndex treatsa sentencein moredetail
thanan index that reliesonly uponthebinaryrelationsbe-
tweenwords.

Secondly, weconsiderreducingtheuser’sworkload.Our
systemrequiresa query to be phrasedin pseudo-natural
languagesuchastheexpressionsfoundin adocument’stitle.
In this way, userscaneasilyexpresstheir requestsin their
queries.Anothersolutionis to ranktheretrieveddocuments
accordingto the similarity of their meaning. Userscan
thereforelocatethedocumentthey wantmoreefficiently.

Thewholesystemin which theabove conceptsarereal-
ized is shown in Figure2. Herewe will presentanoutline
of oursystem.

Thefirststepin indexing ismorphological analysis,which
separatesthewordsin thesentenceinto conceptwordsand
relationwords.Thesecondstepis dependency analysisand
compoundnounsanalysis,which providesthedependency
relationshipbetweenconceptwords in a sentence.Then,
thesystemcreatestheStructuredIndex.

As well, the retrieval query is structuredin the form of
a binary tree throughthe sameprocessas indexing. Our
systemcomparesthe structuredquery and the Structured
Index, scoresthemfor similarity andpresentstheoutputto
theusersin order.

In the following two sections,we describein detail the
indexing methodandtheretrieval andscoringprocesses.

3 Indexing Method

In this section,we presentthe threeprocessesof making
a StructuredIndex: morphologicalanalysis,dependency

analysisandcompoundnounsanalysis.

3.1 Morphological Analysis

To decidethe dependency in sentences,we divided them
into the conceptwordsand the relationwordsusingmor-
phologicalanalysis. In our definition, conceptwords in-
cludenouns,adjectives,adverbsandconstituentsof com-
poundnouns,andrelationwordsincludea post-positional
particles,auxiliary verbsandtheir combinations.We also
classifiedrelationwordsinto 18 categories. Table1 shows
all categoriesandtheir typicalelements.

3.2 Dependency Analysis

Weusedtheorderof relationwordsin thesentence,or ‘title
pattern’,todefinethedependency relationshipbetweencon-
ceptwords.For example,atitle suchas‘ ������������������������������������

’ (A methodof documentretrieval
usingdependency relationshipsbetweenwords)belongsto
thetitle pattern‘A ��� B

�������
C’ (C usingB between

A), whereA, B andC areconceptwordsor their combina-
tions. In order to apply ‘title pattern’ to naturallanguage
sentences,we translateall sentencesinto pseudo-natural
languages,simply eliminatingthelastrelationword.

We manuallyassignedthe dependency relationshipbe-
tweenwordsto any title pattern,which appearedmorethan
threetimesin thetitlesof 3666scientificandtechnicaldoc-
uments.It becameclearthat two relationshiptypesexisted
for titles of at leastthreeconceptwords: for the first type
wecouldgiveonly onedependency relationship,andfor the
second,morethantwo.

For thelattertype,wedeterminedthedependency pattern
accordingto theexistenceof a ‘generalword’ at theendof
thesentence.A generalword is a lessimportantword such
as‘ ��� ’(study) or ‘ ��  ’ (proposal),which doesnot have
adependency relationshipwith aparticularword in thetitle
but with all the title thatprecedesit. We defined53 words
asgeneralwords,includingtheabove, ‘ ¡�¢ ’ (evaluation),
‘ £�¤ ’ (implementation)and so on. For example, let us
considerthe title that hasthreewords and belongsto the
title pattern‘A ¥�¦��¨§ B � C’(C of B on A) (Figure3).
If the title hasa generalword at theend,its title patternis
on the left of Figure3. Otherwiseits title patternis on the
right.

If thedependency patternis not decidedby the title pat-
tern,we usethe ‘extendedtitle pattern’in which a relation
word is replacedwith its category name.

When the dependency patternis not decided,even by
theextendedtitle pattern,we divide thesentenceinto small
partsusing heuristics,then give a dependency patternto
eachpart. This methodis importantfor maintainingtheef-
fectivenessof our retrieval system,becausethedependency
patterngivenby thismethodis correctlocally in mostcases,
evenif thetotal dependency patternis incorrect.

For thedependency analysis,we define105title patterns
(62 areof 3 conceptwordsand43 areof 4 conceptwords)



Table1: All categoriesof relationwordsandtheir typical elements.

Categoryname Typicalelements

restrict © (of) ª�« (of) ª�¬®¨¯ ( ° ed)ª�¬®²± ( ° ed)
place ³�´�µ¨± (on,for) ªO¶�© (in,on)ª�·�© (on) ª�¸º¹¼»�¯ (in termsof)
way ³¨½�± (by) ª�¾�¿�À�¯ (using)ª�³�Á�ÂÄÃ (basedon) ª�¾�Å�¿ÇÆ�¯ (using)
and È (and)ªO´º½®É (and)ª�«Ç¹®ÉÇ³ (and)ª�Ê (too)

purpose ©�¯�Ë�© (for) ª�¾ºÌ®ÍºÆ�¯ (for) ª�¾�Í¨Î�Æ�¯ (oriented)
content ³�Ï�Ðº± (about)ª�³�Ñ�À�Ò�© (about)

destination Ó�© (to,for) ª�Î�Ô�© (for)
source ¸º¹�© (from) ª�¸º¹ (from)

consideration ¾�Õ�ÖÇÆ�¯ (considering)ª�³�×ÄÌ�Æ�¯ (from ° ’s viewpoint) ª�¾�Ø�ÙÇÆ�¯ (for,in)
subject ³�Ú�Ðº± (of,on,for) ª�¾�Ú�ÛºÈ�Æ�¯ (for)

possession ¾�Ü�Ñ (with,of,using)ª�¾�Ý�Ðº± (with,basedon) ª�¾�ÜÇÞ�¯ (with) ª�¾�ß¨à�¯ (with)
sharing á�© (between)ª�¶�â�Ýã¬®�¯ (sharingwith) ª�á�¶�© (between)

apposition È�Æ�Ò�© (as)
support ¾�ä�å�Ðº± (supporting)ª�¾�æ�ç�èêéOÆ�¯ (supporting)

nominative ë (*) ª�ì (*)
adaptation ³�Ú�íãÆ�¯ (for) ª�³�îºÆ�¯ (suitablefor) ª�³�íºï�¯ (accordingto)
possibility ð�ñ�« ( ° able)ª�¾�ð�ñºÈ¼Ðº± (capable)ª�ë�ð�ñ�« (capableof)

or ò (or)
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Figure3: Ambiguity of thedependency.

and73 extendedtitle patterns(40 areof 3 conceptwords
and33areof 4 conceptwords).

3.3 Compound Nouns Analysis

It is known thata compoundnouncanbe translatedinto a
sentenceby supplementingit with suitablefunctionwords
betweenits constituentwords[10][11]. We usethis princi-
ple to give a dependency relationshipto compoundnouns
and to place them within the framework of a Structured
Index.

Thecentralproblemof thismethodis determiningwhich
relationwordscanbesupplementedbetweenconceptwords.
Wesupplementtherelationword ‘ © ’(of) asageneralprin-
ciple becauseof our statisticalinvestigationconcerningco-
occurrencesof conceptwordsandrelationwords in com-

poundnouns[6].
Whenthesupplementaryrelationwordsaredecided,we

analyzethe dependency betweenthe conceptwordsin the
compoundnouns.For thedependency analysiswe propose
to usewordbigramstatistics,whicharestatisticsof thefre-
quency with which thetwo wordsappearnext to eachother
in compoundnouns. The word bigramcanbe considered
asthestrengthof therelationshipbetweenthetwo concept
words,if enoughsamplesareused. In our system,for the
dependency analysisof the compoundnounswe use814
bigramdata,which appearmorethan10 timesin a 60507
bigrampickedup from 13615titles.

Theseprocessesaredoneautomatically. All thesentences
aregiventheirdependency patternandstructuredin theform
of a StructuredIndex.

4 Retrieval and Scoring

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

In thissection,wedefinethesimilarity scoreof thequery
andthedocument,themethodof matchingandscoringon
wordsandtheir dependency.

4.1 Total Score

A documenthasseveralelements,suchastitle or abstract,
which hasits own characteristicsof information.To reflect
theirdifferencestoscoringdocuments,eachelementisgiven



bothword scoreanddependency scorerespectively. Total
scoreof documentb is the linearcombinationof theword
scoreandthedependency scoreof eachelements,which is
shown in Equation(1).c�dfehg iDj k l i:m cZn iZo k b i:m cZp i q (1)

where
cZn i

and
cZp i

arewordscoreanddependency score
givento thedocumentelementr , and

k�l i
and
k b i arethe

weightsof them,respectively.

4.2 Scoring on Words

Oursystemscoresthematchedwordsin thesentenceusing
TF–IDF. Then, the scoreof matchedwords is definedas
Equation(2).

cZn i etsgu vZw x y�z b y j l u
q { u (2)

wherethevariablein theequationiscZn i}|
wordscoreof elementrl u |�~
-th word in thequery� |

thetotalnumberof wordsin

thequery{ u |����
whenword

l u is matched�
otherwise

x y�z b y j l u
q e�� � ��j x y j l u

q	o � q � � ��j��X� � �b y j l u
q q

(3)

x y j l u
q�|

frequency of word
l u in theelementb y j l u

q�|
thenumberof documentswhich

containtheword
l u�?� � � |

thetotalnumberof thedocuments

4.3 Scoring on Dependency

While someelements,suchas abstract,have several sen-
tences,we must definethe semanticsimilarity betweena
binary treeof thequeryanda setof binary treesof the el-
ement. First, we measurethe similarity betweena binary
treeof thequeryandall thebinarytreesin theelement.In
thisstage,thereareseveraldefinitionof thesimilarity of the
queryandtheelement.� calculatingthetotal of thesimilarity scores� calculatingtheaverageof thesimilarity scores� selectingthe maximum score out of the similarity

scores

In thispaper, weselectthemaximumscoreasthesimilarity
betweenthequeryandtheelement.

The similarity scorebetweenbinary treesof queryand
eachbinary treein theelementis calculatedby thesumof
all scoresof dependency relationshipswhicharecalculated
accordingto thefollowing two matchingcriteria.

Table2: Weightof thescoring

parameter valuek�l�� � � � � 1k l � i � � � � � � 1k b � � � � � 0.1k b � i � � � � � � 0

First,we considerthelevel of matchingbetweenthetwo
dependencies.Evenif thetwo dependencieshave thesame
words, their semanticsare often different becauseof the
differenceof their dependency relation. Then, we evalu-
atethesimilarity of the two dependenciesaccordingto the
following threelevels.

Exact Match Two relationwordsarethesame.

Category Match Two relationwordsaredifferentbut their
categoriesarethesame.

Wild Match Both two relationwordsandtheir categories
aredifferent.

Second,weusethenotionof importancein thecollection.
Sincetheimportanceof thedependency growsaccordingto
the importanceof modifier andmodificand,we adoptthe
productof TF–IDF scoresof modifierandmodificandcal-
culatedbyEquation(3)astheimportanceof thedependency.

Now we calculatethe scoreof the dependency by mea-
suring its similarity with the above two matchingcriteria.
Thescoreis shown in Equation(4).

cZp i e��gu v�w�� p�j b u
q � n�j l�� u   l�¡ u q (4)

wherethevariablein theequationis

� p¢j b u
q�|

theweightfor thematchinglevel

of thedependency b u
(Exact,Category, Wild)� n�j lf� u   l:¡ u q�|
theweightof importanceof

dependency derivedfrom wordsl�� u and
l�¡ ue x y�z b y j l�� u
q
x y�z b y j l�¡ u

q

5 Experiments and Evaluation

We show theresultof experimentalretrieval, usingIR test
collection of NTCIR1. Our systemusesthe ‘DESCRIP-
TION’ field of IR topic asqueriesand the ‘TITL TYPE-
”kanji” ’ and the ‘ABST TYPE-”kanji” ’ field of data as
target elementsof retrieval. The weight parametersin the
Equation(1) are shown in Table 2. The weights for the
matchinglevel of the dependency in the Equation(4) are
shown in Table3.



Table3: Parameterfor thebestperformancein theseexper-
iments

parameter value£�¤�¥ ¦ § ¨
ExactMatch1.0

CategoryMatch0.9
Wild Match0.1
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Figure4: 11-pointrecall-precisioncurves

Figure4 is 11pointrecall-precisioncurvesof theTF–IDF
methodandStructuredIndex methodfor theaverageof 53
topics. Table4 shows normalizedprecision.Theseresults
are gainedwhen the relevant article set is the sumof the
articlesin ranksA andB.

In this resultof averageof 53 queries,it seemsthat the
differencebetweentheTF–IDF methodandStructuredIn-
dex methodis small. However, theresultvariesdepending
on queries.For somequeries,the useof dependency rela-
tions improvesretrieval, but givesworseresultsfor others.
A preliminaryanalysisof the individual resultshows that
severalfactorsinfluencetheretrieval performance.

Matching method of dependency relationship The sys-
tempermitsfor now semanticallyincorrectdependency
in scoringthedocument.For example,thecorrectde-
pendency relationshipin a query‘WWW éª©¬«D¢®©¢¯¢° ’(analysisof thetraffic of WWW) is ‘WWW é©¬«D¢® ’(the traffic of WWW) and‘ é?©D«¬�®�©=¯° ’(analysisof the traffic). Our systemusesnot only
thesetwo dependenciesbut alsothedependency rela-
tionship‘WWW ©¢¯¢° ’(analysisof WWW), whichis

Table4: normalizedprecision

method normalizedprecision

TF–IDF Method 0.2475
StructuredIndex method 0.2469

incorrectsemantically, in matchingandscoringof the
sentence.For thetitle retrieval, usingsemanticallyin-
correctdependenciesis effective in retrieving relevant
documents.For theabstractretrieval, however, much
morenon-relevant documentsareretrieved thanrele-
vantdocumentsbyusingthoseincorrectdependencies.
It is becausethe informationcontentin an abstractis
largerthanthatin a title.

Length of a sentence Becauseanunimportantdependency
relationis matchedmany timesin a longsentence,the
sentenceis oftengiventoo heighscore.In a query‘ ¯±D² �éX³Oèh®ª´=µ�³�´�µ�±D¶f·¹¸?º¬»B¼�½ª¾¨©B¿À

’ (Solutionof themediasynchronizationproblemon
thedistributednetwork environment),thedependency
relationship‘ ½�¾�¿ À ’(Solution of the problem) is
less important than ‘ ¶?·Á¸ªºG»¢¼ ’(media synchro-
nization). However, a long sentencein which thefor-
merdependency occursfivetimesis givenhigherscore
thana sentencein which thelatterdependency occurs
only onetime. As the result,the rankof the relevant
documentmatchedby theimportantdependency rela-
tionshipis lowerthanthatof thenon-relevant document
matchedmany timesby theunimportantdependency.

Importance of the dependency The dependency scoreis
strongly influencedby the TF of modifier or modifi-
candbecauseit containstheproductof TF–IDFsof the
modifierandthemodificand.

In the caseof a query ‘ATM ÂÇ¾�¿¨À�¯ TCP/IP ÃÄ ©¬ÅªÆ�è¢Ç¹�é�È¢É ’ (Throughputcharacteristicof
TCP/IPcommunicationusingATM network), a non-
relevantdocument,in which‘TCP/IP’ and‘IP Ã Ä ’(IP
communication)occuris givenhigherscoreof depen-
dency thanarelevantdocument,in which‘TCP/IP’ and
‘ATM Â ’(ATM network) occur. Oneof thereasonof
this incorrectscoringis that theTF of ‘TCP’ and‘IP’
of theformerdocumentis muchlargerthanthatof the
latterdocument.

similarity between the query and the element It some-
timeshasa badinfluenceon theretrieval performance
that the systemusesthe maximal one out of all de-
pendency scoresof sentencesin the elementas the
similarity betweenthequeryandtheelement.

For the samequery in the previous item, while the
scoreof dependency of anotherrelevant documentis
thatof thesentencein which thedependency ‘ ÅBÆ�èÇG�é�È�É ’(throughputcharacteristics)occurs,thede-
pendency ‘ATM Â ’(ATM network) and‘TCP/IP’ also
occur in anothersentenceof this document. On the
other hand, only two dependency ‘TCP/IP’ and ‘IPÃ Ä ’(IP communication)occur in the previous non-
relevantdocument.However thescoreof documentof
thelatternon-relevantdocumentis higherthanthatof
theformerrelevantdocument.



6 Conclusion

In this paper, we proposeda new methodfor information
retrieval, a retrieval systemusingthe dependency between
words. We performedexperimentalevaluationsof our sys-
tem usingIR testcollectionof NTCIR1. Theresultvaries
dependingonqueries.For somequeries,usingdependency
relationsimprovesretrieval, but givesworseresultsfor oth-
ers.

Our methodmaynot beeffectiveenough,sincethereare
still someproblemsin dependency analysisandmatching
andscoringmethod.

Wewill improvethematchingalgorithmbasedonathor-
oughanalysisof thedifferencebetweennon-relevantdocu-
mentandrelevantdocumentin theretrievaloutputs.Alsowe
will determinethescoringmethoddependingon thelength
of sentencesandtheappropriatedefinitionof theimportance
of thedependency.

The presentsystemusesthe maximumscoreout of all
dependency scoresof sentencein the elementas the sim-
ilarity betweenthe queryand the element. Although it is
not cleartheinfluenceof this definitionof similarity on the
retrieval performance,we will do further experimentsand
definesimilarity betweenthequeryandtheelementwhich
reflectsdependency relationshipsin all sentencesof theel-
ement.

The influenceof the above factorson the retrieval per-
formanceseemsto vary dependingon queries.We should
optimizeretrieval performanceof oursystemfor eachquery
andmake clearthe relationbetweenabove factorsandthe
characteristicsof queries.Wehopetheresultwill helpusto
achieveabetterretrieval system.
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