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Abstract

This paper presents a genre-independent method
of generating a single summary from a set of the re-
trieved documents for information retrieval. The pro-
posed method generates the core part of the summary
from the most relevant document to a query, and then
the additional part of the summary, which elaborates
on the topics, from the other documents. In order to
evaluate the validity of the proposed method, we par-
ticipated in TSC (Text Summarization Challenge) in
the 4th NTCIR Workshop. The performance was not
satisfactory for the specific task, but we believe that
our method would be useful for a set of documentsin-
cluding various genres, such as one retrieved by \WWeb
search engines.

Keywords: Multidocument Summarization, In-
formation Retrieval, Query

1 Introduction

Finding relevant information in a set of retrieved
documents is often difficult. For example, the exist-
ing Web search engines produce only a ranked list of
links to Web pages (documents) with short descrip-
tions consisting of some sentences including a query
given by a user. The user has to browse these doc-
uments by viewing each at a time to get relevant in-
formation. Browsing is often alaborious task because
information that the user searches for is scattered over
the list of retrieved documents. Therefore, to show a
single summary of the retrieved documents is highly
helpful in finding information the user wants to get.

The purpose of this study isto automatically gener-
ate asingle summary which includes both theinforma-
tion that a user searches for and the information char-
acteristic of each of the retrieved documents. In order
to realize the purpose and to eliminate the redundancy
in a multidocument summary, we propose a multidoc-
ument summarization method which consists of two
steps. At the first step, the core part of the summary,
which identifies the content satisfying user’s informa-
tion need, is generated from the most relevant docu-
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ment to the queries. At the next step, the additional
part of the summary, which elaborates on the core top-
ics and reflects characteristic information included in
the retrieved documents, is generated from the rest of
the documents. These two summaries are merged into
a single summary, which we consider as the informa-
tive summary based on the query.

2 Multidocument Summarization
2.1 Typesof summary

There are two types of summaries according to the
purpose: indicative summary and informative sum-
mary (Okumura and Nanba 1999). An indicative sum-
mary points to information of the document which
helps the user to decide whether the document should
be read or not. On the other hand, an informative sum-
mary provides all the relevant information to represent
(and often replace) the origina document. Since the
purpose of this study is to provide a user with the top-
ics of query, our method aims at generating an infor-
mative summaries.

2.2 Major approaches

There are the following three major problems intro-
duced by having to handle multiple input documents
for multidocument summarization (Radev, Hovy and
Mckeown 2002).

1. recognizing and coping with redundancy

2. identifying important differences among docu-
ments

3. ensuring summary coherence

Sinceit is difficult to solve these problems compre-
hensively, we focus on the first two problems (remov-
ing redundancy and identifying differences). To iden-
tify redundancy in summary, various similarity mea-
sures are used. A common approach is to measure
similarity between all pairs of sentences and then use
clustering to identify themes of common information
(Marcu and Gerber 2001).
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3 Query-based Multidocument Summa-
rization

This chapter presents a genre-independent method
of generating a multidocument summary for informa-
tion retrieval. In information retrieval, a user wants
the topics about a query. IR systems provide a list
of retrieved documents that contain query. The user
must select documents that contain relevant informa-
tion. However, the task of selecting relevant docu-
mentsisvery difficult because the retrieved documents
are similar with respect to query. The idea underlying
the proposed method is that to offer multidocument
summarization to the user can reduce the burden of
that task.

3.1 Outline

Basically, our method extracts important segments
(sentences) from each retrieved document. In order to
reduce redundancy, the extraction process is divided
into two steps, as shown in Figurel. The algorithm of
the method is as follows:

Step 1 Generating a core part of the summary
(Summaryg) from the most relevant document

(Da).

Step 2 Generating an additional parts of the summary
(Summaryc(D;)) which complement an informa-
tion relevant to the query from the other docu-
ments (D, through D)) in the order of document
rank.

Step 1 extracts sentences (Summaryg) which provide
information about the query from the most rele-
vant document. This idea is based on the assump-
tion that such document includes the topics relevant
to the query most abundantly. Step2 extract sen-
tences (Summaryc(Dj)) which complement informa-
tion about query from the other retrieved documents
by considering to reduce redundancy.

3.2 Generating a core part of the summary

In this section, we explain an agorithm of Step1,
generation of a core part of the summary relevant to
the query. We adopt the method that extractsimportant
passages. We use a single-document summarization
method we have proposed (Sakurai and Utsumi 2004).

The algorithm of Step 1 isasfollows:

Stepl-1 Calculate a weight Wp (t) of the term t (we
use only nouns?) in the most relevant document
D1, using the following measures.

e Term frequency (TFp(t))
e Similarity between query and term (SQp (t))

Retrieved Documents

Docy
Immaryq
Doc,
C) R —
mmaryc (D2 P
Docs [E—
i> — Summary
. mmaryc (D3
Doc,,
mmaryc (Dn,

Figure 1. Query-based multidocument
summarization method

e Cooccurrence level between query and term
(COp (1))

Stepl-2 Calculate the degree of importance Ip(S) of
each sentence Susing the weight of term Wh (t).

Stepl1-3 Extract important sentences until the length
of these sentences reaches 40% of the speci-
fied length of summary L, and output the ex-
tracted sentences as a core part of the summary
(Summaryg).

3.21 Calculation of aweight of term
Term frequency

Term frequency TFp(t) is the number of times the
term t occurs in the document D. It provides one
measure of how well that term describes the document
contents.

Similarity between query and term

The degree of similarity SQp(t) between the term
t and the query q is caculated on the basis of the
distance in the Japanese thesaurus “Bunrui-Goi-Hyo"
provided by The National Institute for Japanese Lan-
guage. When that term is grouped into the same cate-
gory with the query in the thesaurus, its weight of the

1We use a Japanese morphological analyzer " ChaSen” to iden-
tify nouns (without’ O OO’ 00, 0000, 00000).
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Figure 2. Extraction of a core summary
about query

term by similarity SQp(t) is calculated according to
Tablel. When the user gives multiple queries, SQp(t)
is calculated as the sum of similarity value to each

query.

Cooccurrence of query and term

A term which frequently cooccurs with the query in
the retrieved documents can be seen as implicitly re-
lated to the query. We assume that cooccurrence
frequency of the term t provides a measure of how
well that term describes the query-related topics. The
weight COp(t) of the term t by cooccurrence fre-
quency is defined by the equation (1).

COF(t)
Tho(t)

COp(t) = logy +1) (1)

In this equation, COF (t) denotes the number of times
the term t cooccurs with the queries within a 10-word
window in al the retrieved documents. The reason for
normalizing COF (t) by the term frequency TFp(t) is
that COF (t) is likely to increase in proportion to the
frequency of that term in the document.

Using these three values mentioned above, the
weight W (t) of the term t is calculated by the fol-
lowing equation.

Wh(t) = TFp(t) + SQp(t) +COp(t) 2

3.2.2 Calculation of importance of sentence

Thedegree of importanceIp (S) of the sentence Sinthe
document D is calculated by the following equation.

Wh (t
09 = 3, "0 @
teS
In order to avoid a unreasonable effect of the sen-
tence length, the degree of importance is normalized
by the number of words n contained in the sentence S.

3.3 Generatingan additional part of thesum-
mary

After a core part of the summary is generated from
the most relevant document D1 at Step 1 as described
in Section3.2, an additional part of the summary is
generated from the other documents. We assume
that these documents contain a variety of information
which elaborates on the topics related to the query. In
this section, we explain an algorithm of Step 2 for ex-
tracting segments that contain detailed information on
the query-related topics.

The algorithm of Step2 is shown asfollows:

Step2-1 Calculate a weight Wp, (t) of the term t in
the ith relevant document D; using the following
measures.

o Difference weight of discriminative term

(PTFp, (1))

Table 1. Similarity between the term and the query using a thesaurus

Matching digit number Example SONp(t)

Topside four figures of 00O (commerce)1.4760,2,1,3 2
grouping number OO (trade)1.4761,1,1,2

Grouping number 0000 (soccer)1.3374,8,2,1 4

000 (tennis)1.3374,7,7,1

Grouping number 00 (basebal)1.3374.9,1,2 7

Paragraph number 000 (strikeout)1.3374,9,14,1

Grouping number 00O (legislature)1.2730,1,1,2 10

Paragraph number 00 (parliament)1.2730,1,1,3

Intra-paragraph number
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o Inverse document frequency (IDFp; (t))

Step2-2 Calculate the degree of importance Ip, (S) of
each sentence S using the weight of term Wp, (t)
by the equation (3) shown in Section 3.2.2.

Step2-3 Extract important sentences
(Summaryc(Dj)) until the length of these
sentences reaches the calculated length Lp,,
increase i by 1, and return to Step2-1 until al
documents are processed.

Step2-4 Output the extracted sentences
(Summaryc(D2) through Summaryc(Dyn)) as
an additional part of the summary (Summaryc).

In the rest of this section, we describe the detail of
Step 2-1 and amethod of cal culating the length of seg-
ment to extract from D; in Step 2-3.

3.3.1 Calculation of weight of term

Step2-1 extracts important sentences from the doc-
ument D; using the frequency of the terms included
in the extracted sentences from the documents D;
through Dj_1. In this section, we denote by SQ/
the extracted sentences from D; through Di_1, i.e,
Summaryq and ='~*Summaryc (D).

Difference weight of discriminativeterm

We define adiscriminative term in the document D; as
the term which does not occur or hardly occurs in the
segment SQ’, but occurs frequently in D;. The dis-
criminative term can be seen as an indicator of the
characteristic contents of the document D; which are
not described in the summary SQ'. In order to judge
whether atermt is a discriminative one, Step 2-1 cal-
culates the difference of the normalized frequencies of
that term between the document D; and the segment
N, i.e, Thp,(t) — TFgy (). If thisvalue is positive,
that term is judged to be discriminative.

According to the above idea, the difference weight
PTFp, (t) of thetermt in the document D; is cal culated
by the following equation.

Thp(t) - TRy (t) Tk (t) > TRy
0 Thp, (1) <TFsy

4
Figure3 shows an example of PTFp, (t) calculation.

PTFp, (t) = {

I nver se document frequency

Inverse document frequency |DFp, (t) of thetermt is
calculated by following equation.

N

IDFp, (1) :Iogdf—erl (5)
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Figure 3. Calculation of discriminative

In equation (5), N is the number of the retrieved docu-
mentsand df (t) is the number of documentsin which
the term appears.

Using these two values mentioned above, the
weight Wh, (t) of the termt is calculated by following
equation.

W, (t) = PTFp, (t) xI DFp, (t) 6)

3.3.2 Length of summary

In order for the generated summary to be within
the given summary length Ly, the length Lp, of
Summaryc (D) is calculated by following equation.

i—2
In this equation, N is the number of the retrieved doc-
uments.

3.4 Exampleof summary

Figure4 shows an example of the generated sum-
mary, giventhekeywords“0 0,000,000, 0
0,00,00" asquery. The description in parenthe-
ses at the end of each paragraph denotes the original
document from which that segment was extracted. As
we can see from Figure4, the core part of the sum-
mary Summarygq contains the topics about query such
as“00 0" and“0 O”. Onthe other hand, the addi-
tional part of the summary Summaryc hardly contains
the query-related topics, but it includes the informa-
tion that is not described in Summaryq. This exmaple
of summary is generated from seven documents out of
eight onesin adocument set, but it may hardly contain
redundant sentences.
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gobbobobbooooboooobooobboobbob bbb UooobbUoobobooobo
gddoodooooboobooooooobooooooooobboboooboooboooo
godooooudobooodoouooodoobouob oo oo ooob oo oOouooa
0ooodbooooobooooboooobob o000 o000 oo boooon
00000000000000000000000000C00O000000 00 0 (Summaryg)
gobooboooobtooooobob bbb bbb bboooobo
0000000000000 0000000000000OUo0OO©ummaryc(D2))
gdooooouoboboooboodbooobuooooboboob b oboooooUbooOoo
JodoooooooboooboooooboooobooooooDbbooooDbO0ooobDbobon
goobooooboooobooboobb bbb o bbb bOUoboobObOOoOobODbDobOoO
0 0 (Summaryc(Ds3))
gdbodoobobodoodooooooobooooooboooooobbbboooboooooo
gododbouoobooudoboooboboooboobuobboboooooooooooogd
0 O (Summaryc(Dg))
000000000000 0000000000000000oooooU0ooo o (Summaryc(Ds))
gooobbbbdooooooboooboobooboobobobooobbOboUoooUobobo
(Summaryc(D7))
0000000000000000000000000000000000 0 (Summaryc(Dsg))

Figure 4. Example of summary generated by the proposed method

4 Application of our method to TSC3

In order to evaluate the validity of the proposed
method, we participated in TSC3 (Text Summarization
Challenge 3) at the 4th NTCIR Workshop.

The method proposed in Section 3 is originally de-
veloped to summarize multiple documents retrieved
by information retrieval systems based on keyword-
based queries such as Web search engines. However,
for TSC3 tasks we were provided with document sets,
titles of document sets (sentence queries), and ques-
tion sets. Therefore, we must extract keyword-based
gueries from the given information and rank the docu-
ments in order to perform the TSC3 tasks by the pro-
posed method.

4.1 Keyword-based query extraction

We sdlected the following noun words as keyword-
based queries.

A: Nounswhich occur in thetitle of the document set.

B: Nouns in the question set whose term frequency
TF ismorethan 7 % of the sum of all TFsin that
question set.

4.2 Document ranking

We rank the provided documents by the following
algorithm.

Stepl Selecting asthe most relevant document D the
document in which the queries occur the most
frequently in the three longest documents of the
document set.

Step2 Ranking the other documents according to the
frequency of low-frequent terms, which occur
less than three times in the question set.

5 Evaluation

Inthis chapter, we report the evaluation result of our
method obtained by performing two tasks of TSC3:
important sentence extraction and multidocument ab-
straction. Summaries (extracts and abstracts) were
generated from the document sets provided by TSC.
In this chapter, we show the result of the proposed
method (our participant ID is F0310), together with
those of the baseline system by the |ead-based method
(LEAD) and human-generated summaries (HUMAN).
We also show the rank of our method among the nine
participants.

5.1 Intrinsic metricsfor extraction
Table2 shows the results of extraction. The num-

bers in parentheses of Table2 denote the rank of our
method.

Table 2. Evaluation results (Extraction)

Short Long
Method | Cov. Prec. | Cov. Prec.
Ours 0.181 0.275 | 0.218 0421
(Rank) | (10) (10) | (200 (9
LEAD | 0.212 0426 | 0.259 0.539
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Table 3. Results on content evaluation

Method Short  Long
Ours 0.131 0.233
(Rank) ) (6)

LEAD 0.160 0.159
HUMAN | 0.358 0.402

5.1.1 Precision

The overall result of our method is poor, but one in-
teresting result deserves special mention. Our method
achieves a better result in the long extract than in the
short extracts, and the difference of precision between
them isthe largest in the participants. This result sug-
gests that our two-step summarization method is suit-
able for long summarization.

5.1.2 Coverage

The score of coverage is low in both the short extract
and the long extract. Moreover, our generated sum-
maries contain sentences which is not semantically re-
lated to the query (the title of documents). The reason
for the poor result may be that our method is devel-
oped for information retrieval based on keyword-based
queries, and highly depends on the characteristic in-
formation of information retrieval. There is a room
for improvement about the our method, especially a
method of document ranking and determination of a
condensation rate.

5.2 Intrinsic metricsfor abstraction

5.2.1 Content evaluation

Table 3 shows the results on content eval uation by hu-
man subjects. Our result of short abstract isworse than
those of the lead method and other participants’ meth-
ods. On the other hand, the result of long abstract is
not bad; it is higher than the lead method and almost
the same as the other methods. It again suggests that
our method is suitable for long summarization.

5.2.2 Readability evaluation

Table4 shows the results on readability evaluation by
"Quality Questions’. For redundancy of the generated
summaries measured by "q00” score, our method does
not yield a satisfactory performance. It suggests that
our method on the basis of discriminative terms does
not work well. On the other hand, our method achieves
good scores in some questions (" q01”, "q04”, "q07”,
"g10”, "gl4"). Especialy, our method achieves the
best score of "q04” in al the methods. It means that
our two-step method can reasonably reduce semanti-
caly similar expressions.

5.3 Extrinsic metricsfor abstraction

Table5 shows the results on pseudo question-
answering. The result of our method is worse than
any other participants in both the short and the long
abstract. This result is not surprising because we did
not use any method specific to question answering; we
only used information of nouns extracted from ques-
tion sentences.

Table 4. Results on readability evaluation

Short Long
Our Method (Rank) LEAD HUMAN | Our Method (Rank) LEAD HUMAN
goo 1.967 9) 1.500 0.033 2.367 9) 2.833 0.033
go1 0.200 ) 1.267 0.267 0.133 Q) 2.100 0.167
q02 1.767 9) 0.267 0.000 2.500 9) 0.633 0.100
go3 0.400 (6) 0.267 0.000 0.500 (7 0.367 0.000
qo4 0.633 1) 1.667 0.433 2.567 1) 4.300 1.133
go5 3.800 9) 0.067 0.400 4.667 9) 0.300 0.467
go6 1.333 9) 0.767 0.400 1.833 9) 1.033 0.433
qo7 0.167 @) 1.533 0.000 0.333 @) 4.333 0.067
qo8 -0.600 (8) 0.267 0.933 -0.733 (6) -0.333 0.800
go9 0.233 (6) 0.067 0.500 0.333 @) 0.067 0.567
g10 0.000 1) 1.667 0.033 0.300 2 5.133 0.000
gqll 0.200 9) 0.000 0.000 0.233 (8) 0.000 0.033
ql2 0.033 9) 0.000 0.000 0.067 (8) 0.000 0.000
gl3 0.000 1) 0.033 0.033 0.067 (8) 0.000 0.000
ql4 0.000 Q) 0.033 0.033 0.000 1) 0.067 0.033
gl5 0.133 (5) 0.200 0.033 0.233 3) 0.433 0.100
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Table 5. Evaluation results (Extraction)

Short Long
Method exact edit | exact  edit
QOurs 0.133 0.427 | 0.201 0.549

(Rank) ® OO 0
LEAD | 0300 0.589 | 0.275 0.602
HUMAN | 0461 0.716 | 0426 0.721

6 Conclusions

In this paper, we have proposed the method of gen-
erating a multidocument summary for information re-
trieval. We also evaluated the validity of the proposed
method by participating in TSC3. The overall perfor-
mance of TSC3 was not satisfactory, but the result of
precision suggests that our method may have a bene-
ficial effect on long summaries. Of course, we recog-
nize that many improvements still remain to be done.
Since our method has been devel oped for summarizing
multiple documents retrieved by IR systems like Web
search engines, it must deal with ill-formed documents
such as Web pages.
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