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Abstract

This paper describes a hybrid text summariza-
tion method based on a TF-based sentence extrac-
tion method and a LEAD sentence extraction method.
The LEAD method is known to be effective than other
methods for document summarization of newspapers
in lower summarization (output-to-input) ratio. In or-
der to combine the LEAD method with the TF method,
we used a rectangular distribution function that deter-
mines the importance of sentences according to their
position in a document. With our method, the impor-
tance of a sentence is determined by multiplying the
TF-based score and the distribution function. \We con-
ducted open test evaluation using the formal run test
data of sentence extraction sub-task in NTCIR-2 Work-
shop TSC task (30 newspaper articles). The proposed
method was tested by the average values of F-measure
for 10%, 30%, and 50% summaries, and proved 34.1%
for TF method, 39.1% for LEAD method, and 42.4%
for the proposed method.

Keywords: TF, LEAD, headline, hybrid, position, dis-
tribution.

1 Intr oduction

Currenly, mostsentencextraction methodsused
for automatidext summarizatiorarebasednthecal-
culationof sentencémportance Sentenceareranked
acoording to importancevalues,andthe upperranked
sentencesire extractedand usedto composea sum-
mary In otherwords, sentencextraction for auto-
matic text summarizatiorcan be derived from evalu-
atingthe importancevalue of sentencesvithin a doc-
ument. Okumura,et al. suggestghat the following
saven elements are useful in calculatingthe impor-
tanceof a sentencevithin anarticle[4].

(1) Frequeny of keyword appearancé anarticle.
(2) Positionof a sentencdn an article or in a para-
graph.

(3) Title or headlineof anarticle.

(4) Text structurebasedon the relationshp between
sentences.

(5) Key expressionghatappealtin anarticle.

(6) Relationshpsbetweersentencesr wordsin anar-
ticle.

(7) Similaritiesbetweersentencef anarticle.

The TF method[2] is anexample of how informatian
suchasthatfrom (1) aborve canbe utilized, andis the
earliestknown methodto be usedfor automatictext
summarizéion sinceresearb beganin this area. The
LEAD methodis anexampleof how informatian such
asthatfrom (2) above canbe usedandis known to be
particularlyeffective for summarizatiorof newvspaper
articles. Headlineinformatian from journalstic arti-
clesfallsinto category (3). For thesentencextraction
task(TSC)givenatNTCIR-2Workshop theMainichi
newspapeirticleswereassigne@sinputdatafor sen-
tenceextraction. Thecombinatiorof differentsumma-
rization methodsor featuresis one of mostimportant
subjectsin recentresearchon summarizatior1]. In
this paper we describea hybrid text summarization
methodbasedon boththe TF methodandthe LEAD
method.Informatonfrom (1) throwgh (3) aboveis uti-
lizedin thismethod.

2 Hybrid text summarization method
2.1 BasicTF-basedimportance weight

This sectiondescribeghreemethodsthatare used
to calculatesentencemportance:the TF method,the
LEAD method,andour hybrid method.First, we will
describehow the sentencéamporiancevalueis calcu-
lated usingthe TF method. With the TF method,the
importancevalue IW(s) of a sentencas given asfol-
lows:

IWrp(s) =Y f(t) 1)

{t}es

Here,{t} € s refersto the setof termsin a sentence
s, and f(¢t) refersto thefrequeny thatatermappears



in anarticle. Theimportancevalueof atermt is given
by tf = f(t), andthe importanceof a sentenceds
determinedy the summatiorof theimportancevalue
of eachtermin the sentenceThis calculationusually
utilizescontentwordsor keywords asthesetof terms.

2.2 Utilization of headlineinformation

Basedonthis TF methodin determiningheimpor-
tanceweightof a sentenceywe took thetitle or head-
line informationinto consideration.lt is plausibé to
think thattermsappearingn a title or a headlineare
highlyimportant.Theimporanceweightbasednthis
hypottesisIWreq.q—1r (s) canbegivenasfollows:

IWHeaa—TF(8) = Z a(t) - f(t), 2
{t}es

where,

alt) = { A ifte h,'eadline

1 otherwise
Here,theimportanceweightof atermis givenby A -
f(t), where A is a real numbergreaterthan1 when
the term appearsn the headline;if theterm doesnot
appeatin theheadlinetheweightis givenby f(¢).

2.3 Combination with the LEAD method

Third, we combinedhe LEAD methodwith theim-
portancevaluebasedon the TF methodandthe head-
line information /W geqq—7r(s). The LEAD method
is a methodusedfor determiniig imporantsentences
by extracting the leading sentencesn a text. This
methodis known for its effectivenessn summarizing
newspaperarticles becausdmportant sentencesend
to appearin thefirst few sentencesf a navspaperar
ticle.

To combinethisLEAD methodwith theimportance
valueof a sentencédasedon the TF method,we used
thefollowingimportancevalueIW p,oposea(s, ¢) fora
sentence andits positiani (= 1,2, .. ) in thearticle:

IWProposed(sa Z) = H(Z) - IWHead—TF (S)a (3)

where,
8(6) :{ v

Here, 3(i) is a rectangularfunction that modelsthe
distrikution of importantsentencesicarding to their
positian in thearticle. B is arealnumbergreaterthan
1.

ifl<i<N
ifi >N

3 Evaluation
3.1 Sentenceextraction for summary

For the sentencextractiontask presentedat NT-
CIR Workshop2 (Text SummarizatiorChallange)the
Mainichi newspaperarticles were assignedas inpu
datafor sentenceextraction. The input dataconsists
of headlineanda bodyof text, with sentenceandpara-
graphseparatorsattached.

For the NTCIR-2 TSC task, the evaluationof au-
tomatic text summarizationresults was carried out
twice: oncein adry run, andoncein a formal run.
Both runswere conductedn the samemanner The
testsetfor bothrunswascomposedf 30 newspaper
articles,andwhenperformingthetaskfor eacharticle,
the summaryoutputwas requiredto be in threedif-
ferentsummarizéion ratios: 10%, 30%, and50%. In
thispaper we evaluateour systenmbasednthetestset
usedfor thesentencextractiontask(TSC)of NTCIR-
2 Workshop.Thetestsetarticle dataandsummariza-
tion resultsfor eachtaskwere providedto the partici-
pantsby NTCIR-2 Workshop

3.2 Proposedand baselinemethods

To determinethe efficiencgy of our hybrid method,
we evaluatedthe summarizatiorresultsusingthe fol-
lowing five methods:

TF The TF methodusing the import&ance value in
Equation(1).

Head-TF The TF methodwith headlineinformatim
usingtheimportancevaluein Equation(2), where
the parameterd = 20 is used.

Proposed The propsedhybrid methodusingtheim-
portancevaluein Equation(3), wherethe param-
etersA = 20, B = 10, andN = 3 areused.

Hyb-LEAD The hybrid LEAD method(in contrast
to the Proposedhybrid method)usingLEAD for
N sentenceandHead-TFfor othersentencesip
to threshold wherethe paraméers A = 20 and
N = 3 areused.

LEAD The LEAD methodthat extract leadingsen-
tencesupto thegiventhreshold.

Here,in theevaluationof importanceweight,words
from a certain part of speech,i.,e. commonnouns,
propernouns,andSa-Hen(nouns) wereusedasa set
of terms.Theparameterst = 20, B = 10,andN = 3
thatwere usedwereheuristcally definedacarding to
theaverageof theF-measurealuesof thesummariza-
tion resultsfor the 10%,30%,and50%ratios.

We usedthe following three stepsto performim-
portantsentencextractionfor evaluationbasednthe
previousfive methods;



Step1 Obtainwordsequencevith partof speechags
for eath sentenceén the inpu newspaperarticles
by automatianorphologcal analysis.

Step2 Calculatetheimportanceweight /W for each
inputsentence.

Step3 Ranksentencesiccordingto theirimportance
values IW. Upperranked sentencesare ex-
tractedunderthe conditin of the summaryratio
andcomposednto a summary

3.3 Evaluation with F-measure

We comparedsummariebtainedoy previousfive
methods,i.e., TF, Head-TF Proposed,Hyb-LEAD,
and LEAD, to shav the efficiency of our proposed
method. To measuresummaryacairag, we usedthe
following F-measure;

1
F_oz-%—i-(l—a)-% @

Here, the parametery is arealnumber(0 < a <
1), P denotesprecision,and R denotegecall. Here,
the precisionis givenby P = numberof correctsen-
tencesin generatedsummary/ total numberof sen-
tencesin generatecsummary andthe recdl is given
by R = numberof correctsentencem generatedum-
mary / total numberof sentences answersummary
Here,therelationkR = P = F holdstrue,becausehe
numberof sentenceso be extractedfrom ead article
is equivalentto thenumberof sentence@ theanswer
summaryin thistask. Consequenglwe will only dis-
cussthe F-measurén the subsequerdiscussions.

In Table 1, the F-measurevaluesof the summaries
obtainedin the dry-run test set are shovn. Each
row shaows resultsof importance weight calculation
methodfor thefive methodsandeachcolumnrefersto
the summarizatiomatiosof 10%,30%,and50%. The
numericalvaluesshav theaverages andtheir standard
deviationsof the F-measurefor thesummariegener
atedfor the30 articles.

In thetable,we find thatthe Propose@andthe Hyb-
LEAD methods,both of which are hybrid methods
basedon the TF andLEAD, are superiorto the other
methods,i.e. TF, Head-TF and LEAD for all sum-
marizationratios. The F-measurevaluesof the TF
methodandthe HEAD-TF methodfor 10%summary
are0.190 and0.291. This suggestshattermsappear
ing in a headlineare effective in sentencescorecal-
culation. However, the valuesare both lessthanthat
of the LEAD method0.417. The TF methodalone
andthe HEAD-TF methodare inferior to the LEAD
methodfor thelowersummarizatiomatio. Onthecon-
trary, the Head-TFmethodis superiorto the LEAD
methodfor thesummarizatiomatiosof 30%and50%.

Theseresultsprovide a qualitative explanationof
why themethoddPropose@ndHyb-LEAD, whichare

Table 1. F-measure values of the dry-run
test set.

Summarizatiomatio
10% | 30% | 50%
TF 0.190 | 0.485 | 0.743
+0.215| +0.143 | +0.087

0.291 | 0.538 | 0.764
+0.267 | +0.121 | +0.079
0.446 | 0.569 | 0.767
+0.268 | +0.138 | +0.078
0.442 | 0.571 | 0.770
+0.271| £0.137 | £0.079
0.417 | 0.510 | 0.749
+0.226 | +0.138 | +0.118

Head-TF

Proposed

Hyb-LEAD

LEAD

Table 2. F-measure values of the formal-

run test set.
Summarizatiomatio
10% | 30% [ 50%
TF 0.119 | 0.353 | 0.551
+0.178| +£0.131 | +0.092
Head-TF 0.095 | 0.405 | 0.573
4+0.141| +0.127 | +0.102
Proposed 0.251 | 0.447 | 0.574
+0.283| +£0.136 | +0.110
Hyb-LEAD 0.252 | 0.445 | 0.569
+0.279| £0.139 | +0.119
LEAD 0.276 | 0.367 | 0.530
+0.310| +£0.198 | +0.110

both hybrid methodsbasedon the TF methodwith
headlineinformationandthe LEAD method,are su-
perior to othermethodsfor all of the summarization
ratios. To obtainsummarywith lower ratio, theimpor-
tanceweight provided by LEAD-basedmethodtakes
precedene over the one by TF-basedeffect, while
for summarywith higherratio, theimportanceweight
given by TF-basedmethodis given priority over the
other The proposecdybrid methodmakesfull useof
adwantage$y bothsides.

In comparisorto the othermethodsthe difference
betweenthe F-measire valuesof Proposedand Hyb-
LEAD isverysmall. TheProposednethods basedn
the TF method,in whichtheleadingV = 3 sentences
arenotalwaysextractedacoording tothe TF-basedm-
portanceweight. On the otherhand,the Hyb-LEAD
methodis basedon the LEAD methodin which the
leadingN = 3 sentencearealwaysextractedwithou
restriction.The smalldifferencein the F-measureval-
uesof thesetwo methodsvasdueto thelow accuray
of the TF-basedmporinceweight.

The F-measureraluesof thesummarie®btainedn



the formal-runtestsetare shovn in Table2. Justas
with theresultsfor the dry-runtestsetin Tablel, the
averagesandstandardieviationsof theF-measurefor
the 30 summarieggeneratedare shavn herein Table
2. Comparedo the F-measurevaluesfor the dry run
(seeTablel), the overall valuesare lower. However,
the orderof methodsaccordingto the F-measureval-
uesis unvarying, andtheadvantageof combinedmeth-
ods, ProposecandHyb-LEAD, is apparent.Looking
at the resultsfor the summarizatiorratio of 10%, the
LEAD methodproved to be the mosteffective of all,
andthe F-measurevaluesof the two hybrid methods
aremuchsmaller This resultseemgo stemfrom the
low value obtainedby the Head-TFmethod,whichis
TF-basedand usesheadlineinformation While the
Head-TFmethodis superiorto the TF methodin the
dry runtestsetfor all of thesummarizatiomatios,the
Head-TFmethodis inferior to the TF methodin the
formal runtestsetfor the 10%ratio, despiteits good
resultsfor the 30%and50%ratios. This suggestshat
the headlinedescriptiorstyle may have beendifferent
for thedry runandformalruntestsets.

3.4 Evaluation with random baseline

Here, we discussthe causesf smallerF-measure
valuesasa wholefor the formal run setcomparedo
thatof the dry run set. The outcomesuggestshatthe
articlesin the formal setaremorecomplex to be sum-
marizedeitherby the TF method,the LEAD method,
or the Proposednethod.Theratio of articlesthatcan-
notbereadilysummarizeds likely to be higherin the
formalrunset.

To analyzethe differencebetweenthe dry run and
the formal run results,we comparedthe F-measure
valuesof randomextractionfor dry runandformal run
testsets. The F-measurevalue of summaryby ran-
domextractioncanbe obtaired by theoreticalcalcula-
tion. Whenwe have N sentences anarticleand Np
(positive integer) of themareimportantsentenceshe
numberof imporiant sentencegxtractedby random
extractionof n sentencesesultsto a hypergeometre
distritution HG(n,p; N). Herep(0 < p < 1) isa
rationalnumbercorrespondingo a summarizationa-
tio. We usen = Np becausehe numberof important
sentences answersummaryandtheoneextractedoy
automaticsummarizéion arethesame.

The probabilty f(k|n,p, N), wherek is thenum-
ber of correctsentence#n randomlyextractedn sen-
tencessatisfyingk ~ HG(n,p; N), is givenas fol-
lows:

Table 3. Test set statistics of the dry-run
test set.

Summarizatiomatio
N = 23.87 10% [ 30% [ 50%
Trueratiop 0.151| 0.439| 0.724
#of sentencer || 3.60 | 10.37 | 16.97
E(FRrandom) 0.151 | 0.439 | 0.724
o (FRandom) 0.178] 0.118 [ 0.060

Table 4. Test set statistics of the formal-
run test set.

Summarizatiomatio
N =33.10 10% | 30% | 50%
Trueratiop 0.105| 0.315]| 0.536
#of sentencer || 3.40 | 10.03 | 16.93
E(Frandom) 0.105 | 0.315 | 0.536
0 (Frandom) 0.160| 0.124 | 0.086

Theexpectation® (F) andthevarianceV/ (F) of F-
measure(F' = %) areobtainedasfollows:

n

BE) =Y % fHnpN)=p  ®)

k=0

V(ﬁ) = nO (E —

n
k=

<ﬁ>) FnpN) (@)

_pl—p) N—-n
== v 1 ©®

To obtain these F-measire values defined in
the abore formulas, we utilized the statistc val-
ues N, # and p of dry run and formal run test
sets shavn in tables 3 and 4. The expecta-
tion values E( Frandom) andthe standarddeviations

0(Frandom) = \/ V (FRandom) for randomextraction

areobtainedusingtheformulas(6)-(8).

Comparingwith the valuesin tables1 and 2, we
found againF-measuresaluesasa whole for the for-
mal run setsmallercomparedo thedry run set. The
differencen F-measurealueshetweertheformal run
setandthe dry run setseemdo be causel by the dif-
ferencein truesummarizatiomatio betweerthem.We
evaluatedtrue gainwith eachextractionmethodcom-
paringwith thatof randomextraction.

The following differenceof the averagel & (the
numberof correctlyextractedsentencesfor eachex-
traction methodand the randomextraction are com-
paredin tables5 and6.

Ak =k — krandom =7 - F — 71 - E(ﬁRandom) 9)



Table 5. Gain of k for the formal-run test
set.

Summarizatiomatio
N =23.87 10% [ 30% [ 50%
P 0.151| 0.439| 0.724
n 3.60 | 10.37 | 16.97
k:Random 0544 455 1229
Akrp 0.140| 0.477| 0.322
AkHeqd—TF 0.504 | 1.027| 0.679
Akproposed 1.062| 1.348| 0.730
Akgyw—reap || 1.048| 1.369| 0.781
AkreaDp 0.958| 0.736 | 0.424

Table 6. Gain of k for the formal-run test
set.

Summarizatiomatio
N =33.10 10% | 30% [ 50%
p 0.105 | 0.315| 0.536
n 3.40 | 10.03| 16.93
kRandom 0.357 | 3.159| 9.074
Akrp 0.048 | 0.381| 0.254
AkHeqd—TF -0.034| 0.903 | 0.626
Akproposed 0.496 | 1.324 | 0.643
Akgyw—reap || 0.500 | 1.304 | 0.559
AkrLgAD 0.581 | 0.522| -0.102

Here,k andkrandom arethe averagednumbersof
correctly extractedsentence®y eachmethodand by
randomextraction, so the differenceA k refersto the
truegainof eachmethod.Thedifferencel.000means
thatthemethods betterthanrandomextractionby one
correctsentencayainedin eady summary A negative
valuemeanghatthe methodis statisticallyequalto or
evenworsethantherandomextraction.

Comparedo the valuesfor dry-run set,the values
are lower as a whole for formal-runset. Especially
utilization of headlineinformationin 10% summary
andthe LEAD methodin 50 % summarydon't seem
to be effective.

3.5 Further discussion

Here, we usethe article (DOCNO:98028039)as
anexampleof documentghatcannotbe readily sum-
marized. With the proposedmethod,F-measureval-
uesof 10%, 30%,50% summariesvere(.000, 0.333,
0.400, which arethe lowestin theformalrun set. The
expectationvaluesof F-measurevith randomextrac-
tion, thatareequalto thesummarizatiomatios,are0.1,
0.3, 0.5 for 10%, 30%, 50% summaries For this, we
canconcludethatthe proposednethodhasno signifi-
canteffect on summarizatiorof this particulararticle.

Thearticleis aneditoial onpolitical tug of warbe-
tweentherulingandoppositon partiesconcerninghe
Lower HouseElection. Comparingwith the answer
summariesthe leadingthree sentenceslon't appear
in the 10%and30%summary Only onesentencep-
pearsin the 50%summary The LEAD methodis not
effective for thiskind of articles.

From the headline”[#L#% (editaial)] # P f %
(Lower House by-election) % B89 K DB % A4 D>
& (Make full useof the opportinity to enhancethe
party prestige)”,the terms” %% (Lower House)”,”
i (by-election”, "% (the party prestige)”,” ik
X (enhance)”and"#% (opportunity)” areextracted
and consideredas more (20 times) importantin the
TF-basedsentencescorecalculation. However, none
of the words appearedn the 10% answersummary
andonly theterms” %% (Lower House) and” # 3
(by-election)"appearedn sequencén two sentences
of the 30%,50% summaries.

The three sentence®f the 10% answersummary
mean almostthe sameas the one expressé in the
headlineshowever the wordsusedare not the same
Whenwe determinethe key sentence®f the article
basedon the headline we needto analyzethe mean-
ing of each word and”read betweerthelines”. These
arethedifficultieswhich we encountewhensumma-
rizing editofial articles.

4 Conclusion

In this paper we describeda hybrid text sum-
marizationmethodbasedon the TF methodand the
LEAD method,and we conductedopentest evalua-
tion usingthe formal run testdataof sentencextrac-
tion sub-taskin NTCIR-2 Workshoptext summariza-
tion task TSC (30 newspaperarticles). The proposed
methodwastestedby the averagevaluesof F-measure
for 10%,30%,and50%summariesandproved34.1%
for the TF method, 39.1% for LEAD method, and
42 .4%for the proposednethod.

Ontheotherhand,extractionusingthe TF method,
the LEAD methodandthe hybrid method,all which
applysurfaceinformationarenotsoeffective for some
typesof inpu article text, asdiscussedn the evalua-
tion section. Onesolutim to increasethe strengthof
summaryextractionis not to fix the combinationof
thesemethodsasstatedin this papey but ratherto dy-
namicallyselectthe optimumcombinationof method
acoording to context andtypesof target text thatare
automaticallydetermined.

In extracting sentencesout of topical documents
suchasnews articles,the 5W1H Information[3] can
be combinedwith surfaceinformationwhich was ex-
clusively utilized by the methodsstatedin this paper
For instancewe feedthe headlineto extractits 5W1H
informationand meagire its correlationwith 5W1Hs
within the article’s body and analyzetheir similarity.



Theresultcanhelpthe extractionof key sentenceac-
cordingto the meaningof ead text line. In calculat-
ing the relatiors to matchthe factorsof 5W1Hs, se-
mantic concordanceand distancebetweensynorym
groupsalso becomeimportant. It's also critical to
build lexicon that covers synorymouswordsin spe-
cific domain.

Automatt assessmd of input text type, dynamic
switchingof sentencextractionmethodsandpractical
applicationof 5W1H informatian all remainto be our
futuretopics.
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