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A Method of Generating Directed Graphs with
Out-degree Constraints for Document Navigation

SATOSHI SHIMADA, ! TOMOHIRO FUKUHARA 2
and TETSUJI SATOHT!

In exploratory search, it is necessary that relativity between words in doc-
uments is clear to find documents effectively. The purpose of our study is to
construct a navigation that reflects characteristics of document set, and that
leads users to various related words and documents using reduced routes. The
directed graph used for this navigation should have a small-world characteris-
tic that guides a user, and high diversity of links. In this paper, we propose
a generation method of directed graph that uses the co-occurrence relation of
words, and that restricts a maximum out-degree as the number of related items
to present in the navigation. We confirmed ranges of appropriate range of max-
imum out-degree based on an experiment. As a result, our method generates
appropriate graphs having the maximum out-degree range from 3 up to 10.
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Fig.1 The procedures of generating graphs in proposal method.
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Table 2 Outline of data set used for evaluation.
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Fig.2 Degree distribution in co-occurrence word graph.
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Table 5 Comparison between co-occurrence word graphs and random graphs.

oooo oooo oooo C L oooooo
oooo 20,103 891,866  0.6636081  2.494 7
ooooooooo oooo oooo 0.0022152  2.920 4
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oopooooooo ooooD oooo 0.0068396  2.591 3

000000 Lo0o0 cOooooooooooooD 1o00oooooooooooooo

CO0o000000O00000O0O00O0OO0OYahoolDOOODODODOOODOOOOOODO
O0LO000000O0 3000000000000 00000O0O0O0O0O0CBO00000
g200000000000000O0C000 10000000000 0100C000DOO
000000000030000000000000 Small-worldDO0O0O0O0O0
0000000000 000000000000 Small-worldDO0O0O00O0O0O0O00O0O
0000000000000000000000 Small-worldOOOOOOOOOO
gooooooooooooooooboooooobooooooooboobooOooooDoboo

goooooooooobO s0O00D00000000OOO0O0OOOODOODODbOO0OOOOO

Logoooocooooooooooboo10oo00o0oooo0gn Small-world
gooogd

goooooboboobobobooboooboboobooobobobooboobobo

0-000000000000000000000008000000000000000
0600700 8000000000000000D00DN00DNO-000000000
0000D0000000D00900000-0000000000000000 2000
0000000Smallworld 00000000000 00000 800000000000
000000000000000000000000000000000000000LDO
00000CO 100000000 Small-world000000
0000000000000000000000000000000000000000
00000000000000300000000000000-00000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000
(2)0000000
0000000000000000000000000000000000000000

000000000 000000 Vol.3 No.2 111-122 (June 2010)

06 00000 8DU0O0OODOOOOLOULOUOUODUDbOUODbOO
Table 6 Comparison between related word graphs and random graphs when out-degree is 8.

oooo oooo oooo C L oooooo
oooo 20,103 160,824  0.1990513  5.521 18
ooooooooo oooo oooo 0.0003832  5.001 9
Yahoo!O OO 10,889 86,836  0.1087435  8.550 26
ooooooooo oooo oooo 0.0007179  4.711 8
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Table 7 Comparison between related document graphs and random graphs when out-degree is 8.

oooo goooo oooo c L oooooo
oooo 7,770 62,136  0.6016123  2.033 6
ooooooooo oooo oooo 0.0009685  4.548 8
Yahoo!O OO 39,914 302,000 0.4076854  2.698 12
ooooooooo oooo oooo 0.0001806  5.468 10
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Table 8 Characteristic of word-document bipartite-graphs when out-degree is 8.

oooo oooo oooo c L oooooo
0—00 00—0

oooo 27,873 113,543 61,091 0 7.532 18

Yahoo!D OO 50,803 61,993 216,324 0 6.730 18
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Table 9 Comparison between united graphs and random graphs when out-degree is 8.

oooo oooo oooo C L oooooo
oooo 27,873 397,594  0.1520279  6.056 15
ooooooooo oooo oooo 0.0004968  4.120 7
Yahoo!O OO 50,803 667,149  0.1674282  5.554 13
ooooooooo oooo oooo 0.0002597  4.503 7
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Fig.5 Transition of degree distribution by restriction of maximum out-degree
(Related word graphs are shown).
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Fig.6 Transition of density (D) by restriction of maximum out-degree
(Comparison between related word graphs and co-occurence word graphs).
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Fig.7 Transition of bow-tie structure by restriction of maximum out-degree
(Related word graphs are shown).
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Fig.8 Transition of SCC subgraphs by restriction of maximum out-degree
(Comparison between related word graphs and co-occurence word graphs).
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