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Abstract

Various kinds of information are currently accessible through the In-
ternet. Since the Internet contains a wide variety and a large amount of
information, an efficient and effective information acquisition mechanism
is strongly required. News articles are one of the most useful information
sources because they contain up-to-date information about various kinds
of topics, such as serious accidents, seasonal events, popular merchandise,
and services. Consumer Generated Media (CGM) data such as blog is
another example of important information, because it contains valuable
information concerning a customer’s reputation and becomes an impor-
tant information source for detecting customers’ needs and analyzing the
effects of various product promotions. Although the Internet consists
of a huge amount of information, it also contains a lot of duplicate in-
formation. The duplication is harmful when handling the information.
However, we could not know what and where there are beforehand.

For example, suppose we search the Web pages relevant to a given
topic. Then, the search result may contain pages describing the same
thing. The duplication is a nuisance when trying to comprehend the
search results. It is also problematic from the aspect of computational
and network resources. By removing the duplication, we can make the
Internet a more easy-to-handle information source.

Existing problem is that the duplication appears in configured levels,
e.g., words, phrases, sentences, and paragraphs. This thesis describes a
new method for removing duplicated information. For this goal, we first
develop an algorithm to enumerate the locally similar information that is
defined as the substrings of any length that appear frequently in multiple
documents. Since there is a vast amount of substrings in documents,
in addition, the duplicated information may be described using different
expressions. We focus on the efficiency of the algorithm. We applied it



to two kinds of applications to evaluate the effectiveness of the developed
method.

The first application is a multi-document summarization of news ar-
ticles. News articles are delivered from multiple news companies, and
we can read most of them on-line. So, news articles describing the same
event issued by the different companies exist. Furthermore, news articles
are frequently updated and parts of news articles are duplicated even if
they are issued by the difference company. In this case, Summary article
can be created if the new information "part” are enumerated. Our news
summarization system detects the locally similar information from news
articles, makes clusters of them describing the same event, and generates
a summary of each cluster.

The second application is a splog filter. Splog is a blog that is gener-
ated automatically for commercial purposes. They are harmful for CGM
content retrieval and analysis. Japanese splogs are often generated by
combining words and copied phrases appearing in various documents. As
a result, Japanese splogs contain copied words, phrases, and sentences .
These copied strings are regarded as locally similar information.

This thesis exploits this feature of Japanese splogs and proposes a splog
filtering system using the proposed method of enumerating locally similar
information and shows that it is effective for filtering splogs. This is a
special case of local similarity because Splog do not have similarity but
the exact match .
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oboooobsbbibbibOsOdboboonoo sboo OO0
O0000df(s) 0000000000000 000OO0 sOOOO0oOOOoOO
ggoobbdogg

opi(s) = { 5| Is| > 1,df(s) > 2 w1)

0 otherwise
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OoooboobooooobOoooooobooobobobOoooooooDoD
0000000 IDF(Inverse Document Frequency) 000 000000
oooooooobOooOoooboOooobOoboOoobooooobboobDOoon

log 2L |s| > 1,df (s) > 2
Cpl(s): Ogdf(s) |S|— 7' f(s)— (42)
0 otherwise
oooboooobOoboOoooooboboboooOooobooobobooboDo
000000000000 00000000000b=c1c2---¢g000
oobooo0o0nO00O00O0ODOOOODOOODOOOODOO

C1 " Cpy Cpi41 """ Cpy " " Cpy 14177 C (4.3)
——— ™ — ~ ~— _

b by by

gbobooobbobobboboboooooboboobobboo

p=(by,by,---b,) (4.4)

goobogoogg
ooooooogosbbdpbboobOobObOOOOoOOn
UbpOd0dbbobooobbbooubbbboooobbbdago

n

bi(b,p) = cpl(b;) (4.5)

=1
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b*(s) = { 0 5] < (47)

max s, {bl*(s,) + cpl(ss)} otherwise
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input: 0 0000000 b, 000000000 1
suffix array A

output: 1 0000000 OOOOOODON

begin

set 0 to all components of C'
for i =1+1to |b| do
for j=1to1—1
s «— s(bj.i, A), e —e(b;, A)
Cli] — maz(Clj), epl(s, £(s,€)) + CLj)
end
end
return C[|b|]
end
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4.5 0O0OOO
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00000000 :o
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o =+/0.2248 — 0.22482 = 0.41745 (4.11)
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Labeled entries

1 | threshold | precision ‘ recall ‘ F
1 1600 0.525 | 0.524 | 0.524
3 1150 0.524 | 0.529 | 0.526
5 540 0.546 | 0.545 | 0.546
7 200 0.601 | 0.592 | 0.596
10 40 0.688 | 0.699 | 0.693
12 19 0.748 | 0.682 | 0.713
15 9.3 0.752 | 0.648 | 0.696
20 0.01 0.735 | 0.648 | 0.689
25 0.01 0.816 | 0.558 | 0.663
0 4.4: Labeled entries
Unlabel entries
1 | threshold | precision ‘ recall ‘ F
1 1630 0.521 | 0.523 | 0.522
3 1250 0.524 | 0.529 | 0.526
5 410 0.572 | 0.578 | 0.575
7 165 0.645 | 0.648 | 0.646
10 65 0.718 | 0.703 | 0.710
12 29 0.733 | 0.729 | 0.731
15 10.5 0.743 | 0.722 | 0.732
20 8.5 0.730 | 0.704 | 0.717
25 0.01 0.809 | 0.639 | 0.714

O 4.5: Unlabel entries
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Search API

1 | threshold | precision ‘ recall ‘ F
1 1480 0.529 | 0.529 | 0.529
3 1265 0.520 | 0.515 | 0.517
5 650 0.549 | 0.556 | 0.553
7 180 0.650 | 0.645 | 0.648
10 69 0.718 | 0.711 | 0.715
12 29 0.731 | 0.740 | 0.736
15 13 0.735 | 0.746 | 0.740
20 7 0.724 | 0.731 | 0.727
25 0.01 0.809 | 0.658 | 0.726
0 4.6: Search API
Unlabel entries+Search API
1 | threshold | precision ‘ recall ‘ F
1 1400 0.511 | 0.514 | 0.513
3 1115 0.516 | 0.514 | 0.515
5 800 0.534 | 0.547 | 0.541
7 385 0.601 | 0.602 | 0.601
10 107 0.711 | 0.713 | 0.712
12 50 0.745 | 0.740 | 0.743
15 21.2 0.757 | 0.751 | 0.754
20 10.8 0.792 | 0.711 | 0.750
25 0.01 0.772 | 0.731 | 0.751

O 4.7: Unlabel entries+Search API
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1=12
size (Mbyte) ‘ precision ‘ recall ‘ F
26.60 0.749 | 0.682 | 0.714
42.97 0.722 | 0.734 | 0.728
58.02 0.733 | 0.730 | 0.731
62.16 0.732 | 0.740 | 0.736
151.97 0.746 | 0.741 | 0.743
1=15
size (Mbyte) ‘ precision ‘ recall ‘ F
26.60 0.752 | 0.648 | 0.696
42.97 0.725 | 0.728 | 0.726
58.02 0.743 | 0.723 | 0.733
62.16 0.736 | 0.746 | 0.741
151.97 0.757 | 0.752 | 0.754
1=20
size (Mbyte) ‘ precision ‘ recall ‘ F
26.60 0.735 | 0.648 | 0.689
42.97 0.728 | 0.698 | 0.713
58.02 0.731 | 0.705 | 0.717
62.16 0.725 | 0.731 | 0.728
151.97 0.792 | 0.712 | 0.750
1=25
size (Mbyte) ‘ precision ‘ recall ‘ F
26.60 0.817 | 0.559 | 0.664
42.97 0.882 | 0.567 | 0.690
58.02 0.809 | 0.640 | 0.715
62.16 0.809 | 0.658 | 0.726
151.97 0.773 | 0.732 | 0.752

48 0doodggboogoooobobood
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length | 00O00/0000000 (msec)
30 410.68
25 422.09
20 443.06
15 458.55
12 490.12
10 487.34
7 533.18
3 566.32
4 603.28
3 661.99
2 800.31
1 1073.01

049 0000000000000 0
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Template U | precision ‘ recall ‘ F
10 1.000 | 0.004 | 0.008
30 1.000 | 0.009 | 0.018
50 1.000 | 0.018 | 0.035
70 1.000 | 0.038 | 0.072
90 1.000 | 0.078 | 0.144
100 0.997 | 0.082 | 0.152
110 0.993 | 0.091 | 0.166
120 0.993 | 0.091 | 0.166
130 0.993 | 0.096 | 0.175
140 0.921 | 0.121 | 0.214
150 0.563 | 0.211 | 0.306
160 0.543 | 0.313 | 0.398
170 0.508 | 0.353 | 0.417
180 0.468 | 0.387 | 0.424
190 0.422 | 0.415 | 0.418
200 0.397 | 0.452 | 0.423
220 0.366 | 0.463 | 0.409
240 0.337 | 0.498 | 0.402
260 0.306 | 0.545 | 0.392
280 0.285 | 0.596 | 0.386
300 0.267 | 0.637 | 0.376
320 0.258 | 0.700 | 0.377
350 0.250 | 0.792 | 0.380
400 0.244 | 0.871 | 0.382
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product induction 30
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news update 13
dictionary 3
mail magazine 4
RSS 9
QA 2
content snatch(other) 8
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Template 10 30] 50| 7] 90
content snatch 0.000 | 0.000 | 0.000 | 0.000 | 0.000
dictionary 0.000 | 0.000 | 0.000 | 0.000 | 0.000
mail magazine 0.000 | 0.000 | 0.500 | 0.500 | 0.500
search results +news update 0.000 | 0.200 | 0.200 | 0.400 | 0.400
news update 0.000 | 0.000 | 0.000 | 0.000 | 0.000
product induction 0.000 | 0.000 | 0.000 | 0.000 | 0.000
search results +product induction 0.000 | 0.000 | 0.000 | 0.000 | 0.571
product induction +template decorator | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
product induction +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000
qa 0.000 | 0.000 | 0.000 | 0.000 | 0.000
r'Ss 0.000 | 0.000 | 0.000 | 0.111 | 0.111
search results +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.200
search results 0.000 | 0.000 | 0.000 | 0.024 | 0.073
template decorator +search results 0.000 | 0.000 | 0.000 | 0.000 | 0.000
template decorator +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000
template decorator 0.021 | 0.063 | 0.104 | 0.146 | 0.146
word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000

0412 000000000 D0O0O0ODOO splogb000O 1
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Template O

| 100 120 130] 140 150

content snatch 0.000 | 0.000 | 0.143 | 0.286 | 0.286
dictionary 0.000 | 0.000 | 0.667 | 0.667 | 0.667
mail magazine 0.500 | 0.500 | 0.500 | 0.500 | 0.500
search results +news update 0.400 | 0.400 | 0.400 | 0.600 | 0.800
news update 0.000 | 0.000 | 0.000 | 0.154 | 0.308
product induction 0.000 | 0.000 | 0.000 | 0.000 | 0.067
search results +product induction 0.571 | 0.571 | 0.571 | 0.571 | 0.714
product induction +template decorator | 0.000 | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.333
qa 0.000 | 0.000 | 0.000 | 0.000 | 0.000
r'Ss 0.111 | 0.111 | 0.111 | 0.111 | 0.333
search results +word salad 0.200 | 0.200 | 0.200 | 0.200 | 0.400
search results 0.073 | 0.098 | 0.098 | 0.098 | 0.268
template decorator +search results 0.000 | 0.000 | 0.000 | 0.000 | 0.250
template decorator +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000
template decorator 0.146 | 0.146 | 0.146 | 0.167 | 0.250
word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000

0413: 000000000000 DO0O splogOOQO 2
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Template | 160 | 170] 180 190 | 200
content snatch 0.286 | 0.286 | 0.286 | 0.286 | 0.286
dictionary 0.667 | 0.667 | 0.667 | 0.667 | 0.667
mail magazine 0.500 | 0.500 | 0.500 | 0.500 | 0.500
search results +news update 0.800 | 0.800 | 0.800 | 0.800 | 0.800
news update 0.308 | 0.308 | 0.308 | 0.385 | 0.462
product induction 0.133 | 0.133 | 0.167 | 0.167 | 0.233
search results +product induction 0.714 | 0.714 | 0.714 | 0.714 | 0.714
product induction +template decorator | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.333 | 0.333 | 0.333 | 0.333 | 0.333
qa 0.000 | 0.000 | 0.500 | 0.500 | 0.500
r'Ss 0.444 | 0.444 | 0.556 | 0.556 | 0.556
search results +word salad 0.400 | 0.400 | 0.400 | 0.400 | 0.400
search results 0.390 | 0.439 | 0.512 | 0.537 | 0.537
template decorator +search results 0.500 | 0.500 | 0.500 | 0.500 | 0.500
template decorator +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000
template decorator 0.417 | 0.438 | 0.500 | 0.521 | 0.563
word salad 0.000 | 0.200 | 0.200 | 0.200 | 0.200

0414 0O0DO00D0O0OO0OO0O0OODOO splogd0O0O 3
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Template O

| 220 240 260 280 300

content snatch 0.286 | 0.286 | 0.286 | 0.571 | 0.571
dictionary 0.667 | 0.667 | 0.667 | 0.667 | 0.667
mail magazine 0.500 | 0.500 | 0.500 | 0.500 | 0.750
search results +news update 0.800 | 0.800 | 0.800 | 0.800 | 0.800
news update 0.462 | 0.538 | 0.692 | 0.692 | 0.692
product induction 0.233 | 0.233 | 0.267 | 0.433 | 0.433
search results +product induction 0.714 | 0.714 | 0.714 | 0.714 | 0.857
product induction +template decorator | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.333 | 0.333 | 0.667 | 0.667 | 0.667
qa 0.500 | 0.500 | 0.500 | 0.500 | 0.500
r'Ss 0.556 | 0.556 | 0.667 | 0.778 | 0.889
search results +word salad 0.400 | 0.400 | 0.400 | 0.800 | 0.800
search results 0.537 | 0.610 | 0.732 | 0.756 | 0.780
template decorator +search results 0.500 | 0.500 | 0.750 | 0.750 | 0.750
template decorator +word salad 0.000 | 0.000 | 0.000 | 0.000 | 0.000
template decorator 0.563 | 0.604 | 0.688 | 0.708 | 0.729
word salad 0.200 | 0.200 | 0.200 | 0.400 | 0.400

0415 000000000000O0O0O sploghd0OQ0 4
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Template | 320 350 | 400
content snatch 0.571 | 0.714 | 0.714
dictionary 1.000 | 1.000 | 1.000
mail magazine 1.000 | 1.000 | 1.000
search results +news update 0.800 | 0.800 | 0.800
news update 0.769 | 0.846 | 0.846
product induction 0.500 | 0.767 | 0.867
search results +product induction 1.000 | 1.000 | 1.000
product induction +template decorator | 1.000 | 1.000 | 1.000
product induction +word salad 0.667 | 0.667 | 0.667
qa 0.500 | 0.500 | 1.000
rSS 0.889 | 0.889 | 0.889
search results +word salad 1.000 | 1.000 | 1.000
search results 0.902 | 0.951 | 0.976
template decorator +search results 0.750 | 0.750 | 0.750
template decorator +word salad 0.000 | 0.500 | 1.000
template decorator 0.750 | 0.792 | 0.833
word salad 0.600 | 0.800 | 0.800

O 416: 0ODO00O0OO0O0OO0O0O0ODOOsplogOOO 5
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Labeled entries

l | 20 15[ 12] 10
content snatch 0.714 | 0.714 | 0.714 | 0.714
dictionary 1.000 | 1.000 | 1.000 | 1.000
mail magazine 1.000 | 1.000 | 1.000 | 1.000
search results +news update 1.000 | 1.000 | 1.000 | 1.000
news update 0.615 | 0.538 | 0.615 | 0.692
product induction 0.566 | 0.566 | 0.600 | 0.600
search results +product induction 1.000 | 1.000 | 1.000 | 1.000
product induction +template decorator | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.666 | 0.666 | 0.333 | 0.666
qa 0.000 | 0.000 | 0.000 | 0.500
rSs 0.888 | 1.000 | 1.000 | 1.000
search results +word salad 0.800 | 1.000 | 1.000 | 1.000
search results 0.730 | 0.707 | 0.756 | 0.780
template decorator +search results 1.000 | 0.75 | 1.000 | 1.000
template decorator +word salad 1.000 | 1.000 | 1.000 | 1.000
template decorator 0.645 | 0.687 | 0.604 | 0.625
word salad 0.400 | 0.400 | 0.800 | 1.000

[0 4.17: Labeled entries 0 O O splogd 0O 0O O
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Unlabel entries

l | 20 15[ 12] 10
content snatch 0.714 | 0.714 | 0.571 | 0.571
dictionary 1.000 | 1.000 | 1.000 | 0.666
mail magazine 1.000 | 1.000 | 1.000 | 1.000
search results +news update 1.000 | 1.000 | 1.000 | 1.000
news update 0.538 | 0.538 | 0.615 | 0.615
product induction 0.666 | 0.733 | 0.733 | 0.666
search results +product induction 1.000 | 1.000 | 1.000 | 1.000
product induction +template decorator | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.666 | 0.666 | 0.333 | 0.666
qa 0.000 | 0.000 | 0.500 | 0.500
rSs 1.000 | 1.000 | 1.000 | 1.000
search results +word salad 1.000 | 1.000 | 1.000 | 1.000
search results 0.804 | 0.804 | 0.804 | 0.804
template decorator +search results 1.000 | 0.750 | 1.000 | 1.000
template decorator +word salad 1.000 | 1.000 | 1.000 | 1.000
template decorator 0.708 | 0.750 | 0.687 | 0.687
word salad 0.400 | 0.400 | 0.800 | 0.800

[0 4.18: Unlabel entries 0 O O splog 0 0 OO
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Search API

l | 20 15[ 12] 10
content snatch 0.714 | 0.714 | 0.714 | 0.714
dictionary 1.000 | 1.000 | 1.000 | 0.666
mail magazine 1.000 | 1.000 | 1.000 | 1.000
search results +news update 1.000 | 1.000 | 1.000 | 1.000
news update 0.692 | 0.692 | 0.692 | 0.692
product induction 0.633 | 0.666 | 0.533 | 0.600
search results +product induction 1.000 | 1.000 | 1.000 | 1.000
product induction +template decorator | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.666 | 0.666 | 0.333 | 0.666
qa 0.000 | 0.000 | 0.000 | 0.500
rSs 1.000 | 1.000 | 1.000 | 1.000
search results +word salad 1.000 | 1.000 | 1.000 | 1.000
search results 0.878 | 0.878 | 0.902 | 0.926
template decorator +search results 1.000 | 0.750 | 1.000 | 1.000
template decorator +word salad 1.000 | 1.000 | 1.000 | 1.000
template decorator 0.645 | 0.687 | 0.625 | 0.625
word salad 0.400 | 0.600 | 0.800 | 0.800

O 4.19: Search API 0 00O splogOd OO0
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Unlabel entries+Search API

l | 20 15[ 12] 10
content snatch 0.714 | 0.714 | 0.857 | 0.571
dictionary 1.000 | 1.000 | 0.666 | 0.666
mail magazine 1.000 | 1.000 | 1.000 | 1.000
search results +news update 1.000 | 1.000 | 1.000 | 1.000
news update 0.692 | 0.692 | 0.769 | 0.692
product induction 0.566 | 0.633 | 0.633 | 0.600
search results +product induction 1.000 | 1.000 | 1.000 | 1.000
product induction +template decorator | 1.000 | 1.000 | 1.000 | 1.000
product induction +word salad 0.666 | 0.333 | 0.333 | 0.666
qa 0.000 | 0.500 | 0.500 | 0.500
rSs 1.000 | 1.000 | 1.000 | 1.000
search results +word salad 1.000 | 1.000 | 1.000 | 1.000
search results 0.878 | 0.902 | 0.902 | 0.878
template decorator +search results 1.000 | 1.000 | 0.750 | 0.750
template decorator +word salad 1.000 | 1.000 | 1.000 | 1.000
template decorator 0.708 | 0.729 | 0.708 | 0.708
word salad 0.600 | 0.800 | 0.800 | 0.800

0 4.20: Unlabel entries+Search AP1 O O O splogd O 0O O
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IDF(Inverse Document Frequency)
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'Document Understanding Conferences http://duc.nist.gov/
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short long
coverage | precision | coverage | precision
SOUKEN(a) 0.315 0.494 0.355 0.554
SOUKEN(b) 0.372 0.591 0.363 0.587
CRLNYU(a) 0.222 0.314 0.313 0.432
CRLNYU(b) 0.293 0.378 0.295 0.416
smlab 0.328 0.496 0.327 0.535
MOGS 0.283 0.406 0.341 0.528
forest 0.329 0.567 0.391 0.68
DBLAB 0.308 0.505 0.339 0.585
UEC 0.181 0.275 0.218 0.421
UYDI 0.251 0.476 0.247 0.547
LEAD 0.212 0.426 0.246 0.539
TF-IDF 0.292 0.497 0.325 0.604
ClustalW 0.208 0.340 0.247 0.536
ooood 0.267 0.404 0.330 0.545

O 5.3: NTCIR4 TSC30 OO OO0
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short long

ROUGE |ODOOOOO |ROUGE |OO0O0OOO

DBLAB 0.481 0.349 0.495 0.331
MOGS 0.393 0.270 0.455 0.336
forest 0.459 0.351 0.507 0.499
LEAD 0.368 0.236 0.395 0.395
TF-IDF 0.414 0.164 0.448 0.214
Clustal W 0.350 0.087 0.416 0.175
o000 0.438 0.077 0.453 0.129

O 54: 0000




’ e ‘ precision | coverage | U 00O 0O OO

16 0.451 0.253 0.101
18 0.410 0.256 0.084
20 0.422 0.265 0.064
22 0.464 0.266 0.055
24 0.404 0.267 0.077
26 0.430 0.214 0.079
28 0.430 0.214 0.079
30 0.438 0.227 0.101
32 0.430 0.214 0.079

0 55:e000000 (short)

’ e ‘ precision | coverage | U 00O 0O O

16 0.564 0.277 0.125
18 0.554 0.274 0.105
20 0.546 0.274 0.102
22 0.563 0.275 0.133
24 0.545 0.330 0.129
26 0.549 0.237 0.099
28 0.549 0.237 0.099
30 0.575 0.250 0.092
32 0.549 0.237 0.099

0 5.6:e000000 (long)
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