Term Clustering basedon Lengths and Co-occurrencesof Terms
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Abstract Documentclusteringis usefulfor address-
ing vaguequeriesandmanajinglarge volumesof docu-
ments.However, corventionalalgorithmsfor document
clusteringdo not considerthe lengthsof termsin the
clusterlabels. Someclusterlabels have consideably
differentlengths. Clusterlabelswith differentlengths
resultin wastedspaceon the screen. To counterthis
problem, we have developeda new methodfor term
clustering Our methodconsides bothlengthsand co-
occurrenceof termswhile clusteringthem. Theefore,
our methodcan achieve an efcient documentseach
evenwith limited areaonthescreen.
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1 Intr oduction

A single-term query is usually ambiguous, and it
resultsin alarge numberof documents.Searchresult
clusteringis very effective in managingsucha large
number of searcheddocuments[[2][3]. We have
developeda model for classifying a set of searched
documentsinto clusters of related terms[4. The
developedsystemwasfoundto be usefulfor PCusers
but not for the usersof mobile terminals. This is
becausethe number of terms in each cluster label
varies. Further the numberof lettersin eachterm
varies. For example,the numberof lettersin cafeis
lessthanhalf the numberof lettersin restauant The
situationworsenswhenwe usea proportionalfont to
representthe clusterlabels. In a proportionalfont,
the spacerequiredto representhe letter “w” is larger
thanthat requiredfor “i,” therebyresultingin wasted
spaceon the screen(Figure 1 (a)). In orderto make
optimal useof the limited spaceon mobile terminals,
we proposea hew clusteringmethod. Our proposed
methodgenerates setof related-termclustersthat t
in arectangularegion (Figurel (b)). Therelated-term
clustersarebasedntheco-occurrencef relatedterms
andaresupposedo beintuitively betterunderstoody
usersthanrandomizedrelatedterms. This is because
co-occurrenttermsin documentsare supposedo be
termsassociatedvith eachother Accordingto Meyer
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and Schwaneveldt[5], pairs of associatederms such
as (BREAD-BUTTER) and (NURSE-DOCTR) are
more promptly recognizedby users than pairs of

unassociatederms suchas (BREAD-DOCTOR) and
(NURSE-BJUTTER). Hence,the proposedclustersare
consideredo be effective in the selectionof preferable
termsonthedisplayscreerby users.

Further usersdo not have to input eachletter in
thetermswhenusingrelated-termslusters.Usersmay
simply selectpreferabldermsonthescreenMoreover,
usershaveanoptionof selectinganumberonthescreen
for accessibility for example they canpushbutton“2”
to indicatea setof terms*“restaurant,sushi,tempura”
at once. As shown in Figure 2, clustering(b) canbe
moreinformativethanclustering(a) becaus¢heresults
of theformeroccuyy alargerareaonthescreen.

2 ProposedMethod

Our proposednethodis describedasfollows. We as-
sumethat mobile userswill entera shortquery (typi-
cally just oneterm suchas a location name)and will
seeksuggestetermsin responseo thequery;Thesys-
tem should presenta well-organizedmenuof various
suggestiongn responsdo the query andthe userwill
thenselectoneof the suggestiongn themenuasanex-
pandedequirementAfter this, the systermwill present
a numberof web pagesrelatedto that expandedre-
quirement. The proposedmethodis explainedin the
following paragraphs.

In ourproposeclusteringmethodwe rst generate
asetL (Q) of termsrelatedto the shortprimary query



Q anddeterminehe relationshipbetweerthe elements
in L(Q). Speci cally, we denotethei-th term selected
from L (Q) ast; (Q). Forexample for Q = “Shinjuku;’
t;(Q) = “restaurant’may be a relatedterm. Next,
we de ne a queryconsistingof Q andt;(Q) asqg =
hQ; ti (Q)i. Fromthe web pagesthat are searchedy
G, we extract the adjacentterms of t;(Q). We call
thesetermsassociationtermsof t; (Q). Let Aj(Q) be
thelist of associatiortermsof t; (Q). NotethatA; (Q)
mayincludeanotherelatedermt; (Q). Thisis because
thetermt; (Q) = “sushi” may be adjacento t; (Q) =
“restaurant”in the web pagesof Q = “Shinjuku’ In
orderto determinethe relationshipbetweenthe terms
ti (Q) andt; (Q) with respecto the primary queryQ,
we de ne their co-occurrencscore swre;; , by

soore;j = (andj =orj ) (1+ log(andj)); (1)
whereand;; denoteghe numberof lists of association
terms that include both t;(Q) and t; (Q) and orj
denotesthe number of lists of associationterms
that include either t; (Q) or t;(Q). The equationis
de ned empirically on the basis of our exploratory
experiments. We have obsenred that in order to
consider the co-occurrencef terms, the equation
shouldamplify and;; ; however, theampli cation must
notbeexcessve.

In thealgorithm,we settheminimumandmaximum
acceptabléengthsperline of thedisplayscreeno ™ min
and nax , respectiely.

Algorithm—RectangulaClustering

(Stepl) Reada list L(Q) of termsrelatedto every
queryQ. Determinethelengthof eachtermin the
list L(Q). Here,thelengthis the actuallengthof
thetermonthescreen.

(Step2) For every pair t;(Q) andt; (Q) of termsin
L(Q), calculatesmre; usingequation(1).

(Step3) For everytermt;(Q) in L(Q), selectthetwo
highestco-occurrencegermsty, (Q) andty, (Q).
Then,memgetheselectedermsto generate prim-
itive clusterc; = h;(Q);tk, (Q); tk, (Q)i. Note
that termsmay overlap in the primitive clusters.
Beforeproceedindo Step4, calculatehe scoreof
¢ asthesumof swrejy, andsmrej, .

(Step4) Remave overlappingtermsfrom clusters. If
thereare overlappingtermsamongmultiple clus-
ters,retainonly thosetermsthatarein the cluster
with the highestco-occurrencescore. Eliminate
all termsthatarerepeatedn otherclusters.

(Step5) Determinethe total length of eachclusterto
alter the cluster If the total length of a cluster
is lessthan " in , meme the clusterwith another
cluster If two clustersc; and ¢ had common
termswhenthey wereprimitive clustersthey can
bememged.

(Step6) Determinethe total length of eachclusterto
decidewhetherto selector rejectthe cluster |If
thetotallengthis adequateselectthe clusterfor a
clusterlabel. If thetotal lengthis lessthan™ i ,
rejectthecluster If thetotal lengthis greaterthan
“max » Selectermsfrom theclusterasmary aspos-
sible until the total lengthis in therangebetween
‘min a-nd‘max-

(Step7) Remaove the termsusedfor the clusterlabels
fromthelist L (Q). If L (Q) is emptyorif nomore
clusterlabelsare generatedyrite out the cluster
labels,andendthealgorithm.Otherwisereturnto
Step3 andcontinue.

3 Implementation

In orderto measurdhe actuallengthof a term on the
screen,we use GraphviZ and IPA font?. With this
softwareandfont, we cangeneratéhetext imageof the
term. Then,we measurehe lengthsof termsby using
the generatedmages. In orderto calculatesare; ,

we useda tool called GETA® for large-scaletext re-

trieval. We usedSearchAPI of Yahoo!APAN“ to col-

lectsearchresultsof (1) relatedterms;(2) URLSs, titles,

and summaries;and (3) web pages. An actualappli-

cationof the proposednethodin a mobile web search
systemhasbeendemonstrateth [6].
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4 Experiment

We comparethe proposedalgorithm with two other
clustering algorithms— complete-link clustering
(CLINK) and single-link clustering (SLINK). These
algorithms are widely used corventional algorithms
and have beendescribedin detail in [7]. While our
algorithm considersboth lengthsand co-occurrences
of terms,thesecorventionalalgorithmsconsideronly
co-occurrencesf terms.

Lhttp:/Mmwwgraphviz.og/
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Figure4: Accessiblevebpagedor differenttermson screen

The namesof major placesin Tokyo wereusedas
gueriesin the experiment. For eachquery 100related
termsand10,000web pagesvereobtained.Termclus-
tersthat t in arectangularegionof 160 160 pixels
weregeneratedisingthe 16-pixel proportionalfont. In
the experiment,the parameter®f CLINK and SLINK
wereadjustedo generateasmary clustersaspossible
with eachclusterhaving two or moreterms.

4.1 AreaOccupiedon Screen

Oneof thekey featuresof the proposednethodis that

it takesinto consideratiorthetermlengths therebyop-

timizing the use of screenspace. We investigatedhe

total length "5 of the clustersfor eachqueryandthen

calculatedheratio of thetotal length” ¢ of the clusters
to thetotal length ", of thelinesin the rectangulare-

gion. In Figure3, we canobsenrethatthetermclusters
generatedby using the proposedalgorithm occupy a

larger areaon the screenas comparedtio SLINK and

CLINK. Hence,the proposedalgorithmis considered
to provide moreinformationthanothers.

4.2 Efciency of Web Search

Anotherkey featureof the proposednethodis its high

searchefciency. In Figure 4, “AND” indicatesthe

conditionthatthewebpagesncludetwo or moreterms
in the clusters,e.g., ((restauranfAND sushi)or (sushi
AND tempura)or (tempuraAND restaurant))Further

“OR” indicategheconditionthatthewebpagesnclude
oneor moretermsin the clusters,e.g., (restauranOR

sushiOR tempura). The proposedalgorithm enables
usergto obtaindesiredpagesmoreef ciently thancon-

ventionalalgorithms.

5 Conclusion

We have proposeda new clusteringmethodthat en-
ablesef cient term clusteringin a mobile web search.
In the proposedmethod,a setof primitive clustersare
generatedn the basisof the co-occurrencesf terms.
Then, the clustersare alteredon the basisof the co-
occurrencesindlengthsof terms. Finally, the clusters
areevaluatedandadjustedn thebasisof thelengthsof
terms. Term clustersobtainedby the proposednethod
effectively useasmallrectangularegiononthescreen.
Hence the clustersareinformative andcanaid mobile
usersto searchdocumentsf ciently . In thefuture,we
intendto apply the proposedmethodto variousinfor-
mationretrieval systems.
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