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Abstract

Our information retrieval systemtakes advantae
of numepuscharacteristicsof theinformationandap-
pliesnumepussophisticatedecniques.Robertsors
2-PoissormodelandRocaio’sformula,bothof which
areknownto beeffective havebeenappliedin thesys-
tem.Characteristicsof newspapes sud aslocational
informationwere applied. We presentour application
of Fujita’s methodwhete longer termsare usedin re-
trieval by the systenbut de-emphasizertlativeto the
emphasin the shortestterms; this allows usto use
bothcompoundandsingle-wod terms.Thestatistical
testusedin expandingqueriesthroughan automatic
feedbak processis described. The methodgivesus
termswhich havebeenstatisticallyconfirmedo bere-
lated to the top-ranked documentshat were obtained
in the first retrieval. We also useda numericalterm
QIDF, which is an IDF termfor queries.It hasafunc-
tion to decreasethe scoresfor stopwords that occur
in manyqueries.It canbe veryusefulfor foreignlan-
guagesfor which we cannotexaminestopwords. e
participatedin threetasks(Korean,JapanesgandEn-
glish) of monolingualinformationretrieval at NTCIR
4. \\e obtainedrelatively higher precisionsin all the
tasksin which we participated. In particular, we ob-
tainedthe bestprecisionin Koreandescription-based
monolingualinformationretrieval.

Keywords: Monolingual IR, Locational informa-
tion, De-emphasif longer terms, Statistical test,
QIDF
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1 Introduction

Our information retrieval system has taken ad-
vantageof numerouscharacteristicof the informa-
tion and applied numeroussophisticatedechniques.
Robertsors 2-Poissormodeland Rocchios formula,
both of which are known to be very effective, have
beenappliedin the system. We usedsuchcharacter
istics of newspapersas locationalinformation. This
methodis very effective in retrieval from collections
of newspaperarticles, such as the documentset for
NTCIR 4. We appliedFujita’s method,wherelonger
termsare usedin retrieval by the systembut are as-
signedlower weightsthanthe shortesterms;this al-
lows usto usecompoundermsaswell assingle-word
terms. We also useda statisticaltestin expanding
queriesthroughan automaticfeedbackprocess.This
methodgives us termswhich have beenstatistically
confirmedto be relatedto the top-ranked documents
thatwere obtainedin thefirst retrieval. We alsoused
a numericalterm QIDF, which is an IDF term for
queries. It hasa function to decreasdhe scoresfor
stopwordsthat occursin mary queries. We applied
the systemto the threetasksof monolingualinforma-
tion retrieval at NTCIR 4, referredto asJJ,KK, and
EE! Oursystenobtainedelatively higherprecisions
in all thetasksin which we participated.n particular
we obtainedthe bestprecisionin Koreandescription-
basedmonolingualinformationretrieval.

1 3J means Japanesemonolingual information retrieval, KK
meanKoreamrmonolinguainformationretrieval,andEE mean<n-
glish monolingualinformationretrieval.



2 Outlineof our system

Our systemusesRobertsors 2-Poissonmodel[§,
which is a probabilistic approach. In Robertsors
method,eachdocuments scoreis calculatedoy using
the following equation? The documentghat obtain
high scoresarethenoutputasthe resultsof retrieval.
Score(d, q) below is thescoreof adocument! against
aqueryq.

tf(da t) N
Score(d,q) = log
termt \ tf(d,t) + kt% df(t)
ing
__tha(a,t) L
thq((Iat)—qu) @

where t indicatesa term that appearsin a query

tf(d,t) isthefrequeny of ¢ in adocument, ¢ f,(q, t)

is thefrequeny of ¢ in aqueryg, df (t) is thenumber
of thedocumentsn which ¢ appearsand N is theto-

tal numberof documentsiength(d) is thelengthof a
documentd, and A is the averagelengthof the docu-
ments.k; andk, areconstantsvhicharesetaccording
to theresultsof experiments.

In this equation,we call tf(d, 1)
q LE(d, ) + e length(d)
TF(d,t)), log-~~ the IDF term,

e e m
g,
Taebirgthe TR, term (abbr

the

TF term, (abbr
(abbr IDF(t)), and

In oursystemseveraltermsareaddedo extendthis
equationandthemethodfor doingthisis expressedy
thefollowing equation.

Score(d.q) = Z (TF(d,t) x IDF(t) x TFy(q,t)

termt

ing
Ng \*Nq

X Kiocation(dst) X Kgetqir X (log—)
af(t)
length(d) } )
length(d) + A

TheTF, IDF andTF, termsin this equatiorareidenti-
calto thosein Eq. (1). Thevalueof theterm _lengte o
increasewith the lengthof the document.This term
is introducedbecausein a casewhereall of the other
informationis exactly the samealongerdocuments
morelikely to includecontentthatis relevantasare-
sponsdo thequery Ngq is thetotal numberof queries
andgf (t) is the numberof queriesin which ¢ occurs.
Thosetermswhich occur more frequentlyin queries
aremorelikely to be suchasbunsho”document”and
mono”thing”. We uselogql}% to decrease¢hescores
for stopwords. We refer to this numericalterm as
QIDF, becausat is an IDF term for queries. It has

2 Thisequatioris BM11, which correspondso BM25 in thecase
whereb = 1 [7].

afunctionto decreas¢hescoredor wordsthatoccurs
in mary querieqi.e. stopwords).It canbevery useful
for foreign languagedor which we cannotexamine
stopwords. Kjocation and Kgeqq are extendednu-
mericaltermsthatareintroducedo improve thepreci-
sionof results. Kj,cqtion Usesthelocationof theterm
within the document. If the termis in the title or at
the beginning of the body of the documentit is given
a higherweighting. K05 Usesinformationsuchas
whetherthetermis a propernounand/ora stopword.
In the next section,we explain theseextendednumer
ical termsin detail.

3 Extended numerical terms

We usethetwo extendechumericatermsKj,cqtion
and K ge10 in EQ. (2). In this section,they are ex-
plainedin detail.

1. Locationalinformation(Kjocation)®

Thetitle or first sentencef the body of adocu-
mentin a newspapewill generallyindicatethe

subject. So, precisionin information retrieval

canbeimproved by assigninggreatemweightto

termsfrom theselocations. This is achieved by

Kjocation, Whichis usedto adjustthe weight of

atermaccordingto whetheror not it appearst

thebeginningof adocumentA termin thetitle

or at the beginning of the body of a document,
is assignea higherweight. A termelsavhereis

givenalowerweight. Kj,cqtion IS €Xpresseds
follows:

Kiocation (da t)
klocation,l
(whenatermt occursin thetitle of
adocumentd),

= ®)
(length(d) — 2 x P(d,t))

length(d)

1+ klocation,Z
(otherwise)

P(d,t) is thelocationof aterm¢ in the docu-
mentd. Whena term appearanorethanonce
in a documentthelocationin whichit first ap-
pearsis usedto setthis parameter kjocqtion,1

andk;ocation,2 areconstantso whichvaluesare
assignedccordingo theresultsof experiments.

2. Otherinformation (K gesqi1)

K 4et0i1 is @ more detailednumericalterm that
usesdifferentinformation, suchas whetheror
notatermis apropermounandwhetheror notit
is a stopword suchasbunsho”document”and
mono”thing”. If atermis a propernoun,it is
assigned highweight. If atermis a stopword,

3 This methodwasdevelopedby Murataet. al. [3].



it is assignedalow weight. K j.;44 IS expressed
in thefollowing way for simplicity; thevariables
for the documentandterm, d andt, have been
omitted:

Kdetail = Kdescrx Kp'roperx Knpum (4)

Thetermsin this equationareexplainedbelow.

L Kdescr

Whenatermis obtainedfrom the title of
a query i.e. DESCRIPTION, Kgeg¢er =
kdeser (> 1). Otherwise K gescr = 1. This
is becausewve canassumehat termsob-
tained from the descriptionof the query
areimportant.

L KpToper
When a term is a proper noun, Ky oper
= kproper(> 1). OtherwiseK,,oper = 1.
Thisis becaus¢ermsthatarepropemouns
areimportant.

L Knum

Whenatermis numeric,Kum = knum (<
1). Otherwise, K um = 1. A termwhich
consistssolely of numeralswill not con-
tain much relevant information, and thus
lacksimportancefor thequery

4 How termsare extracted

We areonly ableto useEq. (2) in informationre-
trieval after we have extractedtermsfrom the query
This sectiondescribesow this is achiezed. We con-
sideredseveralmethodf termextractionaslistedbe-
low.

1. Usingonly theshortesterms

Thisis the simplestmethod.In this method the
guerysentencés dividedinto shorttermsby us-
ing amorphologicabnalyzeior similartool. All
of the shorttermsare usedin the retrieval pro-
cess.The methodusedto divide the querysen-
tenceinto shorttermsis describedn Section5.

2. Usingall termpatterns

The first method producesterms that are too
short. For example,”enterprise”and "amalga-
mation” would be usedseparatelyhile “enter
priseamalgamationiould notbeused.Wefelt
that "enterpriseamalgamation’shouldbe used
with thetwo shortterms.Thereforewe decided
to usebothshortandlongterms.We call thisthe
"all term-patternsnethod”. For example,when

/ amalgamation materialization \

enterprise[™r amalgamation [ materialization [

enterprise amalgamation /

enterprise amalgamation materialization

Figure 1. An example of a lattice
structure

“enterpriseamalgamatiomealization wasin-
put, we used’'enterprise”,"amalgamation”;re-
alization”, "enterpriseamalgamation”,”amal-
gamationrealization”, and "enterpriseamalga-
mationrealization”astermsin informationre-
trieval. We felt that this methodwould be ef-
fective becaus@ makesuseof all termpatterns.
We alsofelt, however, thathaving only thethree
terms”enterprise”,”amalgamation”,and "real-
ization” derived from "... enterprise... amal-
gamation... realization..”, while six termsare
derived from "enterpriseamalgamatiomealiza-
tion” would lack balance We examinedseveral
methodsof normalizationn preliminaryexperi-

mentsthendecidedo divide theweightof each

term by /™) wheren is the numberof
successie words. For example,in the caseof
"enterpriseamalgamatiomealization”,n = 3.

. Usingalattice

Although the abore methodeffectively usesall
patternsof terms,it needsto be normalizedby

using the ad hoc equationy/ @ We thus
consideredca methodin which all term patterns
arestoredin a lattice. We usedthe patternsin
the pathwith the highestscoreon Eq. (2). The
methodis thusalmostthe sameasOzawa’s [5].
Thedifferencesrein thefundamentakéquation
usedfor information retrieval, and the use or
non-useof amorphologicalanalyzer

In the caseof "enterpriseamalgamatiomealiza-
tion”, for example,we obtainthe lattice shovn
in Fig. 1. The scorefor eachof the four paths
shawn in this figure is calculatedby using Eq.
(2), andthetermsalongthehighest-scoringath
are used. This methoddoesnot requirethe ad

4 This exampleis notatermin Englishandis the Englishtrans-
lation of a Japanesgerm “kigyou (enterprise)gappei(amalgama-
tion) seiritsu(realization)”.Its meanings “realizationof enterprise
amalgamation”.



hocnormalizationvhichthe methodof usingall
termpatterngequires.

4. Usingde-emphasisf longerterms
("down-weighting”)[1]

Fujita proposedthis methodat the IREX con-
test[9]. It is similar to the all-term-patterns
method,but the methodof normalizationis dif-
ferent. The weightsof the shortesttermsare
kept constantwhile the weights of the longer
termsare decreased.We decidedto apply the
weight kg,,% ! to suchterms,wherez is the
numberof shortestermsandkg,.,», Wassetac-
cordingto theresultsof experiments.

5 Dividing the query sentence into short
terms

We used morphological analyzersto divide the
queriesinto terms. We usedChaSen[2] for JJand
HAM5.0/KMA5.0 for KK. In EE, we usedthe OAK
systemfor stemmingtermsin sentences.

6 Automatic feedback

Automaticfeedbackis alsousedin our system.An
elementof automaticfeedbackis includedin our sys-
temvia the IDF term of equation(2). In applyingau-
tomaticfeedbackyve substitutehefollowing equation
for theoriginal IDF term.

IDF(t) = {E(t)+kqs x (Ratio C(t) — Ratio D(t))}
XIDFopig(t) (5)
E(t) = 1 (whenatermtisinaquery)

0 (otherwise) (6)

whereRatio C(t) is the proportionof thetop k,. doc-
umentsretrievedin thefirst roundof retrieval thatin-
cludeatermt. Ratio D(t) is the proportionof all
documentsn whichthetermt appearsIDF,,;,(t) is
the original IDF term. This formulais basedon Roc-
chio’s formula[8]. k. andk, areconstantswhich
aresetaccordingto theresultsof experiments.

Termexpansioris alsoappliedin oursystem All of
thetermsin thetop k,. documentgrom thefirst round
of retrieval aretestedagainsfa binominaldistribution;
thosetermswhich satisfythe testconditionareintro-
ducedasterms. Thatis, theterms‘Terms’,asdefined
below, areaddedto the setof terms.

Terms = {t|P(t) > kp} )

where P(t) is calculatedby the following equation
andk, is a constanthatis setbasedon experimental
results.

k

P(t)=>_ C(n,r)p(w)" (1 - p(w))"~" (8)

r=0

where C(z,y) is the numberof combinationswhen
we selecty itemsfrom x items,n is equalto k.., k is
the numberof timesthe term ¢ occursin the top &,
documentsandp(t) is calculatedby

p(t) = "o ©

wherefreq(t) is the numberof documentsvherethe
termt appeargsindN isthenumberof all documents.

7 Weighting of the numbers counted in
the automatic feedback process

We consideredthat terms that occur in higher
ranked documentsand are retrieved on the first re-
trieval aremoreimportantthanthosein documentof
lower rank and thoseretrieved later on. Thus, when
countingthefrequeng with whichatermt¢ occursin a
document thathasarankof Rank(d), thesystemap-
pliesthefollowing factorA FW (t, d) to thefrequeng.

AFW (t,d) = (kafw+1) —2 X kgfw

Rank(d) — 1
— 7 @0

kr —

wherek,s,, is a constanthatis setaccordingto the
resultsof experiments. The frequeng calculatedby
theabove equatioris usedn calculatingequationg5)
and(7).

8 Experiments

The nameof our teamis CRL.” The experimen-
tal resultsare given in Table 1. "Query” indicates
the partsof the query definition that provided inputs
to our system. "T” indicatesthe title, "D” indicates

5 In this study we usedthe summatiorof 0 to &, but the summa-
tion of 0 to £k — 1 could alsobe used. Whenthe summationof O
to k is used,anexpressiorhaving a lower valuefor P(t) is judged
to beanexpressiorthatoccursin thetop documentdessoftenthan
the averageoccurrencen the top ducumentsandit is eliminated.
Whenthe summationof 0 to £ — 1 is used,anexpressiorhaving a
highervaluefor P(t) is judgedto be an expressionthat occursin
the top documentsnore often thanthe averageoccurrenceandthe
expression®therthansuchanexpressiorareeliminated.

6 This methodof term expansionusinga statiscticatestwasde-
velopedby Murata,Utiyama,andet. al. in NTCIR 2 [4].

7 CRL is an abbreiation of Communication®Research.abora-
tory, which is the previous nameof our institute, National Institute
of InformationandCommunication§echnology



Table 1. Experimental results

Parameters R-precision Ave. precision

Task | Query | ID | dwafL qidf &, ks | rigid [ reloed| rigid | relaed

S1 JJ T 1| nyy n 507]| 03730 0.4764| 0.3524 0.4638
S2 JJ D 2 | nyyy 50703829 0.4758| 0.3612 0.4665
S3 JJ |TDNC | 3 | nyy y 5 0.7 | 04025 0.5106| 0.3803 0.4955
S4 JJ T 4 |1 nynn 50.7]03754 0.4787| 0.3491 0.4604
S5 JJ D 5| nyny 50703840 0.4770| 0.3518 0.4595
S6 | KK T 1| nyyy 50704716 0.5105| 0.4797 0.5230
S7 | KK D 2 nyy y 50704693 0.4982| 0.4685 0.5097
S8 | KK |[TDNC| 3 | nyy y 5 0.7| 05369 0.5624| 0.5322 0.5700
S9 | KK T 4 | nyny 50.7]04716 0.5038| 0.4755 0.5164
S10| KK D 5| nyny 50.7|04586 0.4869| 0.4551 0.4962
S11| EE T 1| nyny 50702742 0.3535| 0.2362 0.3107
S12| EE D 2 nyny 50703271 0.4124| 0.2997 0.3842
S13| EE | TDNC| 3 | nyy y 5 0.7 | 0.3640 0.4427| 0.3425 0.4240
S14| EE T 4 | nyny 50.7]02779 0.3561| 0.2356 0.3111
S15| EE D 5| nyny 50.7]|0.3158 0.4018| 0.2898 0.3731

the description,”N” indicatesthe narratve, and"C”
indicatesthe conceptffield of the query The column
"ID” indicatesthe systemidentifiersin the NTCIR
4 contestt " in "ID” indicatesa systemwhich
was not submittedfor the formal run of the NTCIR
4 contest. The valuesof k, andk,; areasgivenin
Table 1. Entriesin the columnsmarked "dw”, "af”
and"L” indicate the applicationof the longerterm
de-emphasimethod,automaticfeedbackmethod the
useof QIDF andtheuseof locationalinformation,re-
spectvely. Use of the given methodis indicatedby
a"y”, with non-useindicatedby "n”. Whenwe do
not apply de-emphasisye extracttermsaccordingto
theshortest-termmethod? Theotherparametersire
setasfollows: kjocation,t = 1.2, kiocation,2 = 0.1,
kcategory = 0.]., kt = ]., kq = o0, kp = 09,
kafw = 051 kdescr = 11 kproper = 11 andknum =1.

Thefollowing findingsareindicatedby the experi-
mentalresults.

e The useof locationalinformationasa charac-
teristic of newspaperarticleswas often effec-
tive (compare’S1” and”S4”, "S2” and"S5",
"S6” and”S9”, and”S7” and”S10” under"'R-
precision;rigid”)

e Use of "TDNC” always obtainedthe highest
precisionsamongour systems.

Althoughwe did not checkthe effectivenessf the
othermethods(automaticfeedbackmethodetc.) ap-
plied in our system,they would be effective. Each

8 We couldsubmitup to five systemdor eachtaskof NTCIR 4.

9 In previouswork [3], we hadconfirmedthatusingall term pat-
ternsis notagoodapproachwhile eventhe simplemethodof using
only the shortestermsleadsto goodresults.

methodandtechniquemay only make a small contri-
bution to the overall effectiveness However, usingall
of themmalesfor a bettersystem.

In this paperwe couldnotshav theresultsof more
detailedexperimentsor the resultsof comparisorex-
perimentausinga statisticaltest,becaus¢he schedule
for writing is very tight andour systemneedsa lot of
time. (Our systemis very slow.) In future studieswe
plan to make mary kinds of experimentsto confirm
whetheror not eachof the mary methodsusedin this
systemis effective. In the experimentswe will com-
pareprecisiongor the caseof usinga methodandfor
the caseof not usingthe method. Theresultsof these
studieswill beusefulfor improvementof information
retrieval systems.

9 Conclusion

Multiple characteristicof information and mary
sophisticatedechniquesare appliedin our informa-
tion retrieval system.ThetechniquesncludedRobert-
son’s 2-Poissonmodel and Rocchios formula, both
of which are known to be very effective. We used
such characteristicoof newspapersas locational in-
formation. We used Fujita’s de-emphasiq”"down-
weighting”) methodwhich providesareasonablevay
of including compoundterms as terms usedin re-
trieval. We also useda statisticaltestin expanding
thequerieshroughautomatideedback We alsoused
a numericalterm QIDF, which is an IDF term for
queries. It hasa function to decreasdhe scoresfor
stopwordsthatoccurin mary queries.It canbevery
usefulfor foreignlanguagedor which we cannotex-
aminestopwords. We participatedin threetasksof
monolingualinformation retrieval (JJ,KK, and EE).



Our systemobtainedrelatively higher precisionsin

all the tasksin which we participated. In particular

we obtainedthebestprecisiondgn Koreandescription-
basedmonolingualinformationretrieval.
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