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Abstract

Our information retrieval systemtakes advantage
of numerouscharacteristicsof theinformationandap-
pliesnumeroussophisticatedtechniques.Robertson’s
2-PoissonmodelandRocchio’sformula,bothof which
areknownto beeffective, havebeenappliedin thesys-
tem.Characteristicsof newspaperssuch aslocational
informationwere applied.We presentour application
of Fujita’smethod,where longer termsare usedin re-
trieval by thesystembut de-emphasizedrelativeto the
emphasison the shortestterms; this allows us to use
bothcompoundandsingle-word terms.Thestatistical
testusedin expandingqueriesthroughan automatic
feedback processis described. The methodgivesus
termswhich havebeenstatisticallyconfirmedto bere-
lated to the top-rankeddocumentsthat were obtained
in the first retrieval. We also useda numericalterm
QIDF, which is anIDF termfor queries.It hasa func-
tion to decreasethe scoresfor stopwords that occur
in manyqueries.It canbeveryusefulfor foreignlan-
guagesfor which we cannotexaminestopwords. We
participatedin threetasks(Korean,Japanese, andEn-
glish) of monolingualinformationretrieval at NTCIR
4. We obtainedrelativelyhigherprecisionsin all the
tasksin which we participated. In particular, we ob-
tainedthebestprecisionin Koreandescription-based
monolingualinformationretrieval.

Keywords: Monolingual IR, Locational informa-
tion, De-emphasisof longer terms, Statistical test,
QIDF

1 Introduction

Our information retrieval system has taken ad-
vantageof numerouscharacteristicsof the informa-
tion and appliednumeroussophisticatedtechniques.
Robertson’s 2-PoissonmodelandRocchio’s formula,
both of which are known to be very effective, have
beenappliedin the system.We usedsuchcharacter-
istics of newspapersas locational information. This
methodis very effective in retrieval from collections
of newspaperarticles, suchas the documentset for
NTCIR 4. We appliedFujita’s method,wherelonger
termsareusedin retrieval by the systembut areas-
signedlower weightsthanthe shortestterms;this al-
lowsusto usecompoundtermsaswell assingle-word
terms. We also useda statisticaltest in expanding
queriesthroughan automaticfeedbackprocess.This
methodgives us termswhich have beenstatistically
confirmedto be relatedto the top-ranked documents
thatwereobtainedin the first retrieval. We alsoused
a numerical term QIDF, which is an IDF term for
queries. It hasa function to decreasethe scoresfor
stopwords that occursin many queries. We applied
thesystemto thethreetasksof monolingualinforma-
tion retrieval at NTCIR 4, referredto asJJ,KK, and
EE.

�
Oursystemobtainedrelatively higherprecisions

in all thetasksin which we participated.In particular,
we obtainedthebestprecisionin Koreandescription-
basedmonolingualinformationretrieval.�

JJ meansJapanesemonolingual information retrieval, KK
meansKoreanmonolingualinformationretrieval,andEEmeansEn-
glish monolingualinformationretrieval.
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2 Outline of our system

Our systemusesRobertson’s 2-Poissonmodel[6],
which is a probabilistic approach. In Robertson’s
method,eachdocument’sscoreis calculatedby using
the following equation.

�
The documentsthat obtain

high scoresarethenoutputasthe resultsof retrieval.�����	�	
���
������
below is thescoreof adocument
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where A indicatesa term that appearsin a query.A4B ��
�� A � is thefrequency of A in adocument


, A4BDC �*��� A �

is thefrequency of A in a query
�
,

 B � A � is thenumber

of thedocumentsin which A appears,and E is theto-
tal numberof documents,F 
HGJI A4K ��
6� is thelengthof a
document



, and L is theaveragelengthof thedocu-

ments.M�N and M C areconstantswhicharesetaccording
to theresultsof experiments.

In this equation,we call &*) ���	 & "&*) ���	 & "-,O.�0�2 �4365 &87 �+��"9 the

TF term, (abbr. PRQ �*
S� A � ), 2 ��5UTV+WHX 0ZY the IDF term,

(abbr. [6\OQ � A � ), and
0 W^]�X >`_ 0ZY0 W^]`X >`_ 0ZY�aSb > the TFC term (abbr.PcQ C ����� A � ).

In oursystem,severaltermsareaddedto extendthis
equation,andthemethodfor doingthisisexpressedby
thefollowing equation.
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TheTF, IDF andTFC termsin thisequationareidenti-
cal to thosein Eq. (1). Thevalueof theterm u } {1� 0Z�u } {�� 0Z�da��increaseswith the lengthof thedocument.This term
is introducedbecause,in a casewhereall of theother
informationis exactly thesame,a longerdocumentis
morelikely to includecontentthat is relevantasa re-
sponseto thequery. E � is thetotalnumberof queries
and

� B � A � is thenumberof queriesin which A occurs.
Thosetermswhich occurmore frequentlyin queries
aremorelikely to besuchasbunsho”document”and
mono”thing”. We use F �HI�� CC4�D� N8� to decreasethescores
for stop words. We refer to this numericalterm as
QIDF, becauseit is an IDF term for queries. It has�

Thisequationis BM11,whichcorrespondsto BM25 in thecase
where� #�� [7].

a functionto decreasethescoresfor wordsthatoccurs
in many queries(i.e. stopwords).It canbeveryuseful
for foreign languagesfor which we cannotexamine
stop words. �O���;�^� N8� �;� and ����� N � � � are extendednu-
mericaltermsthatareintroducedto improvethepreci-
sionof results.�/�����^� N8� �4� usesthelocationof theterm
within the document. If the term is in the title or at
thebeginningof thebodyof thedocument,it is given
a higherweighting. ����� N � � � usesinformationsuchas
whetherthetermis a propernounand/ora stopword.
In thenext section,we explain theseextendednumer-
ical termsin detail.

3 Extended numerical terms

Weusethetwo extendednumericalterms�/�����^� N8� �;�
and ����� N � � � in Eq. (2). In this section,they areex-
plainedin detail.

1. Locationalinformation( � �����^� N8� �4� ) �
Thetitle or first sentenceof thebodyof a docu-
mentin a newspaperwill generallyindicatethe
subject. So, precisionin information retrieval
canbeimprovedby assigninggreaterweightto
termsfrom theselocations.This is achievedby� ���;�^� N8� �;� , which is usedto adjusttheweightof
a termaccordingto whetheror not it appearsat
thebeginningof adocument.A termin thetitle
or at the beginning of the body of a document,
is assignedahigherweight.A termelsewhereis
givena lower weight. �/�����^� N8� �4� is expressedas
follows:

t u w4x�y 0+z w4{ ���	 & "# fhhhhi hhhhj
. u w�x�y 0+z w4{ _ �(whena term & occursin thetitle of
adocument

�
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(otherwise)

(3)

¦ ��
�� A � is the locationof a term A in the docu-
ment



. Whena term appearsmore thanonce

in a document,the locationin which it first ap-
pearsis usedto set this parameter. M �����^� N8� �4�~§ �
and M �����^� N8� �4��§ � areconstantsto whichvaluesare
assignedaccordingto theresultsof experiments.

2. Otherinformation( �¨��� N � � � )�¨��� N � � � is a moredetailednumericalterm that
usesdifferent information, suchas whetheror
nota termis apropernounandwhetheror not it
is a stopword suchasbunsho”document”and
mono”thing”. If a term is a propernoun, it is
assignedahighweight. If a termis astopword,©

This methodwasdevelopedby Murataet. al. [3].



it is assigneda low weight. � ��� N � � � is expressed
in thefollowingwayfor simplicity; thevariables
for the documentandterm,



and A , have been

omitted:

t V;} 0 y z u # t V;}«ª x�¬�­ t¯® ¬�w ® } ¬ ­ t {H°�± (4)

Thetermsin thisequationareexplainedbelow.² � ���4³��«´
Whena term is obtainedfrom the title of
a query, i.e. DESCRIPTION, � ����³��«´ =M ����³��«´ ��µ·¶	�

. Otherwise,� ����³4�«´ = 1. This
is becausewe canassumethat termsob-
tained from the descriptionof the query
areimportant.² �¹¸ ´`� ¸ �^´
When a term is a proper noun, �¹¸ ´�� ¸ �^´
= Mº¸ ´�� ¸ �^´ �4µ»¶H�

. Otherwise�¹¸ ´�� ¸ �^´ = 1.
Thisisbecausetermsthatarepropernouns
areimportant.² � �D¼H½
Whenatermis numeric,� �D¼H½ = M ��¼	½ ��¾¶	�

. Otherwise,� ��¼	½ = 1. A term which
consistssolely of numeralswill not con-
tain much relevant information, and thus
lacksimportancefor thequery.

4 How terms are extracted

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

1. Usingonly theshortestterms

This is thesimplestmethod.In this method,the
querysentenceis dividedinto shorttermsby us-
ing amorphologicalanalyzerorsimilartool. All
of the shorttermsareusedin the retrieval pro-
cess.Themethodusedto divide thequerysen-
tenceinto shorttermsis describedin Section5.

2. Usingall termpatterns

The first methodproducesterms that are too
short. For example,”enterprise”and”amalga-
mation” would beusedseparatelywhile “enter-
priseamalgamation”wouldnotbeused.Wefelt
that ”enterpriseamalgamation”shouldbe used
with thetwo shortterms.Therefore,wedecided
to usebothshortandlongterms.Wecall thisthe
”all term-patternsmethod”.For example,when

enterprise amalgamation materialization

enterprise amalgamation 

enterprise amalgamation materialization

amalgamation materialization

Figure 1. An example of a lattice
structure

”enterpriseamalgamationrealization”¿ wasin-
put,weused”enterprise”,”amalgamation”,”re-
alization”, ”enterpriseamalgamation”,”amal-
gamationrealization”,and”enterpriseamalga-
mationrealization”astermsin informationre-
trieval. We felt that this methodwould be ef-
fectivebecauseit makesuseof all termpatterns.
Wealsofelt, however, thathaving only thethree
terms”enterprise”,”amalgamation”,and”real-
ization” derived from ”... enterprise... amal-
gamation... realization...”, while six termsare
derived from ”enterpriseamalgamationrealiza-
tion” would lack balance.We examinedseveral
methodsof normalizationin preliminaryexperi-
ments,thendecidedto dividetheweightof each

term by À ������Á � �� , where
G

is the numberof
successive words. For example,in the caseof
”enterpriseamalgamationrealization”,

G�ÂÄÃ
.

3. Usinga lattice

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

using the ad hoc equation À ������Á � �� . We thus
considereda methodin which all termpatterns
arestoredin a lattice. We usedthe patternsin
thepathwith thehighestscoreon Eq. (2). The
methodis thusalmostthesameasOzawa’s [5].
Thedifferencesarein thefundamentalequation
usedfor information retrieval, and the use or
non-useof amorphologicalanalyzer.

In thecaseof ”enterpriseamalgamationrealiza-
tion”, for example,we obtainthe latticeshown
in Fig. 1. The scorefor eachof the four paths
shown in this figure is calculatedby usingEq.
(2), andthetermsalongthehighest-scoringpath
areused. This methoddoesnot requirethe adÅ

This exampleis not a termin Englishandis theEnglishtrans-
lation of a Japaneseterm “kigyou (enterprise)gappei(amalgama-
tion) seiritsu(realization)”.Its meaningis “realizationof enterprise
amalgamation”.



hocnormalizationwhichthemethodof usingall
termpatternsrequires.

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

Fujita proposedthis methodat the IREX con-
test [9]. It is similar to the all-term-patterns
method,but themethodof normalizationis dif-
ferent. The weightsof the shortesttermsare
kept constantwhile the weightsof the longer
termsare decreased.We decidedto apply the
weight M-���;Æ¥��Ç�È � to suchterms,where É is the
numberof shortesttermsand M-���;Æ¥� wassetac-
cordingto theresultsof experiments.

5 Dividing the query sentence into short
terms

We used morphological analyzersto divide the
queriesinto terms. We usedChaSen[2] for JJ and
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 theIDF termof equation(2). In applyingau-
tomaticfeedback,wesubstitutethefollowing equation
for theoriginal IDF term.

p�r mo� & "Ê# Ë�Ìv� & "6,?. y W : �+ÍnÎ &ZÏ �sÐÑ� & "��¹Í£Î &ZÏ � r � & "�"�Ò:Óp�r m w4¬ z � � & " (5)Ìv� & "%# �
(whena termt is in a query)Ô
(otherwise) (6)

where ÕqÖ6A^× �RØ?� A � is theproportionof thetop M-´ doc-
umentsretrieved in thefirst roundof retrieval that in-
clude a term A . ÕqÖ-A^× � \ � A � is the proportionof all
documentsin which theterm A appears.[6\OQÙ�4´ �lÚ � A � is
theoriginal IDF term. This formula is basedon Roc-
chio’s formula [8]. M6�d� and M-´ areconstants,which
aresetaccordingto theresultsof experiments.

Termexpansionis alsoappliedin oursystem.All of
thetermsin thetop M ´ documentsfrom thefirst round
of retrieval aretestedagainsta binominaldistribution;
thosetermswhich satisfythe testconditionareintro-
ducedasterms.That is, theterms‘Terms’,asdefined
below, areaddedto thesetof terms.kn�4�`ÛqÜ£#�Ë &�Ý ¤o� & "ßÞO. ® Ò (7)

where
¦ � A � is calculatedby the following equationà

and Mº¸ is a constantthat is setbasedon experimental
results.

áqâ+ã^äßå b$ ¬4æ�ç¥è âZé¥ê^ë	ä�ìÓâZí�ä ¬ â«î�ï¡ìJâZí�ä^ä {Dð�¬ (8)

where
Ø?� É �4ñ�� is the numberof combinationswhen

we select
ñ

itemsfrom x items,
G

is equalto M-´ , M is
the numberof times the term A occursin the top M-´
documents,andò � A � is calculatedbyìJâ+ã�äßå freq

â+ã�äó (9)

wherefreq
� A � is the numberof documentswherethe

term A appearsand E is thenumberof all documents.ô
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 documentsof
lower rank and thoseretrieved later on. Thus,when
countingthefrequency with whichaterm A occursin a
documentd thathasarankof ÕqÖ G M �*
�� , thesystemap-
pliesthefollowing factor õcQ÷ö � A �;
�� to thefrequency.ø múùû� &  ���"�#��+. y W�ü ,¨�;"��ý  : . y W�ü Í£Î�36.-���1"����. ¬ �O� (10)

where M �d�HÆ is a constantthat is setaccordingto the
resultsof experiments. The frequency calculatedby
theaboveequationis usedin calculatingEquations(5)
and(7).

8 Experiments

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

In this study, we usedthesummationof 0 to
.
, but thesumma-

tion of 0 to
.R���

could alsobe used. Whenthe summationof 0
to
.

is used,anexpressionhaving a lower valuefor
¤o� & " is judged

to beanexpressionthatoccursin thetop documentslessoftenthan
the averageoccurrencein the top ducumentsand it is eliminated.
Whenthesummationof 0 to

.o���
is used,anexpressionhaving a

highervaluefor
¤o� & " is judgedto be an expressionthat occursin

the top documentsmoreoften thantheaverageoccurrenceandthe
expressionsotherthansuchanexpressionareeliminated.�

This methodof termexpansionusinga statiscticaltestwasde-
velopedby Murata,Utiyama,andet. al. in NTCIR 2 [4].�

CRL is anabbreviation of CommunicationsResearchLabora-
tory, which is thepreviousnameof our institute,NationalInstitute
of InformationandCommunicationsTechnology.



Table 1. Experimental results
Parameters R-precision Ave. precision

Task Query ID dw af L qidf M ´ M �d� rigid relaxed rigid relaxed
S1 JJ T 1 n y y n 5 0.7 0.3730 0.4764 0.3524 0.4638
S2 JJ D 2 n y y y 5 0.7 0.3829 0.4758 0.3612 0.4665
S3 JJ TDNC 3 n y y y 5 0.7 0.4025 0.5106 0.3803 0.4955
S4 JJ T 4 n y n n 5 0.7 0.3754 0.4787 0.3491 0.4604
S5 JJ D 5 n y n y 5 0.7 0.3840 0.4770 0.3518 0.4595
S6 KK T 1 n y y y 5 0.7 0.4716 0.5105 0.4797 0.5230
S7 KK D 2 n y y y 5 0.7 0.4693 0.4982 0.4685 0.5097
S8 KK TDNC 3 n y y y 5 0.7 0.5369 0.5624 0.5322 0.5700
S9 KK T 4 n y n y 5 0.7 0.4716 0.5038 0.4755 0.5164
S10 KK D 5 n y n y 5 0.7 0.4586 0.4869 0.4551 0.4962
S11 EE T 1 n y n y 5 0.7 0.2742 0.3535 0.2362 0.3107
S12 EE D 2 n y n y 5 0.7 0.3271 0.4124 0.2997 0.3842
S13 EE TDNC 3 n y y y 5 0.7 0.3640 0.4427 0.3425 0.4240
S14 EE T 4 n y n y 5 0.7 0.2779 0.3561 0.2356 0.3111
S15 EE D 5 n y n y 5 0.7 0.3158 0.4018 0.2898 0.3731

the description,”N” indicatesthe narrative, and ”C”
indicatesthe conceptfield of the query. The column
”ID” indicatesthe systemidentifiers in the NTCIR
4 contest.

�
”–” in ”ID” indicatesa systemwhich

was not submittedfor the formal run of the NTCIR
4 contest. The valuesof MD´ and M-�d� areasgiven in
Table 1. Entries in the columnsmarked ”dw”, ”af”
and ”L” indicate the applicationof the longer-term
de-emphasismethod,automaticfeedbackmethod,the
useof QIDF andtheuseof locationalinformation,re-
spectively. Use of the given methodis indicatedby
a ”y”, with non-useindicatedby ”n”. When we do
not applyde-emphasis,we extract termsaccordingto
theshortest-termsmethod.

�
Theotherparametersare

setas follows: M �����^� N8� �;��§ � Â ¶����
, M �����^� N8� �4��§ � Â	�
��¶ ,M �^� N � Ú �;´�� Â
�
��¶

, MDN Â ¶
, M C Â��

, Mº¸ Â��
� �
,M6�d�HÆ Â��
��� , M6����³��«´ = 1, M ¸ ´`� ¸ �^´ = 1, and M-��¼	½ = 1.

Thefollowing findingsareindicatedby theexperi-
mentalresults.² The useof locationalinformationasa charac-

teristic of newspaperarticles was often effec-
tive (compare”S1” and ”S4”, ”S2” and ”S5”,
”S6” and”S9”, and”S7” and”S10” under”R-
precision;rigid”)² Use of ”TDNC” always obtainedthe highest
precisionsamongour systems.

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

Wecouldsubmitup to fivesystemsfor eachtaskof NTCIR 4.�
In previouswork [3], wehadconfirmedthatusingall termpat-

ternsis notagoodapproach,while eventhesimplemethodof using
only theshortesttermsleadsto goodresults.

methodandtechniquemayonly make a small contri-
bution to theoverall effectiveness.However, usingall
of themmakesfor a bettersystem.

In thispaper, wecouldnotshow theresultsof more
detailedexperimentsor the resultsof comparisonex-
perimentsusinga statisticaltest,becausetheschedule
for writing is very tight andour systemneedsa lot of
time. (Our systemis very slow.) In futurestudies,we
plan to make many kinds of experimentsto confirm
whetheror not eachof themany methodsusedin this
systemis effective. In theexperiments,we will com-
pareprecisionsfor thecaseof usinga methodandfor
thecaseof not usingthemethod.Theresultsof these
studieswill beusefulfor improvementof information
retrieval systems.

9 Conclusion

Multiple characteristicsof information and many
sophisticatedtechniquesare applied in our informa-
tion retrieval system.ThetechniquesincludedRobert-
son’s 2-Poissonmodel and Rocchio’s formula, both
of which are known to be very effective. We used
such characteristicsof newspapersas locational in-
formation. We used Fujita’s de-emphasis(”down-
weighting”)method,whichprovidesareasonableway
of including compoundterms as terms used in re-
trieval. We also useda statisticaltest in expanding
thequeriesthroughautomaticfeedback.We alsoused
a numerical term QIDF, which is an IDF term for
queries. It hasa function to decreasethe scoresfor
stopwordsthatoccurin many queries.It canbevery
usefulfor foreign languagesfor 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,
weobtainedthebestprecisionsin Koreandescription-
basedmonolingualinformationretrieval.
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