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A Method for Document Navigation in Related Words
Using Out-degree Constrained Directed Graphs

SATOSHI SHIMADA, ! TOMOHIRO FUKUHARA 2
and TETsUJI SaTon'!

In exploratory search, it is thought that document navigation is effective. In
this case, document navigation should reflect characteristics of document set
and should be able to lead users to various related words or documents by us-
ing reduced routes. We have proposed the method that generates out-degree
constrained directed graphs based on cooccurence word graph of document set.
In this paper, we propose a document navigation method for presenting related
words by using the generated directed graph. We did a experiment that used
the newspaper article to compare the words presented by the proposal method
with the words input by users. As a result, it was confirmed that the most of
words presented by the proposal method is more suitable than the words input
by users. Moreover, the words presented by the proposal method contained
much more variations than the words input by users.
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Fig.1 The flow of processing in proposal document navigation method.
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Fig.2 The division of words for document navigation.

01 00o0o00oo0ooo0o0oob0oo0ob00ob000000b00nD w
Table 1 Thresholds of dfs/df and df for weighting words, and w.

0o SEGEEE SEGEGEE 0o w
100000 | dfz/df > 0.6 dfs > 3 10
00000 | dfa/df > 0.350df2/df < 0.6 | df > 100dfz < 19 1
111 dfz/df > 0.1 df >4 0.1
000000 01000 0

v 000000000 10101000 0.01

df <30000000a

O00oo0oodf/df0U00 0000000000000 000O000wOOO 1
obooboodoo2bc00bo0oooooobooooooooooOo3uobooooooa
obobooboooooobodoboooooboobooosesuooooooooooooooooo
00000000000000Y000000000000 dfe/df 000 df OO0 10110
nmoIrivooooooooooOOoOoOoOoOOO0OO0b0O0wOODOODODOODODDO

3.2 0J0oOOoo0ooboobcOoooooobooOoOoboOoOoooOboOoDo

goboooobsoooboooooooooobooooboOooboboboboOooDbboooobo—0Oo
gobooobobooobooobooooooobbo wOOoOOoOoOOOoOoOOOobOboOoOooDOo
goooobooooooo—oooobooooooooboooooocooooobooobooOoooo
gobooooooooooooboooooOoooboboooboooooooobooOooooooDo

00o0oooooog Vol 52 No. 4 1831-1842 (Apr. 2011)

gopoogo

gooooboodoboooooobooooooboobooooooooboDoboooooobo
gooooooooodooooooooooooobooooooooooboooooonoa
goobooooooboooooboooooboobbooooboboooooooooobooo20
gooooobooobod

goooooo

gobobootooouooooooboobooooobooboooooooobooOobOOoboOoooooboo
gooooboboooobooooooobOoOoOooooOooOoOOOoOoooboOobOooOobDoOno
ooboooobooobooooboobooboooobooooon

o—ooooo

o—-oooboooboooooooboobooooboooobooOoboooboOooOooDo
ooboooooooooboo

gooboooooooooooooooboooooboobooOoooobooooooooon
gobooooooooooooOoooooooobOOoOoOooOoobooooOboobboooDono
goooooooooooooooboooooooboobooobOooOoboooooonooboo
goooooooooooboooobooooooooooooboooooDboOobOoDbbo
gooooooooooooooboooooboobooooobobooooooDooboooDbboo
gooooooooooo

3.3 0DUO0OO0OOOoooooon

goooooooooobooooooooobobo0oooobboboooooooDbooDOoD
goboboooooooooobooooobooooooboOoooooooooboOoooooo
gobodobooobooooobobooobooooooo

gobooooooboooooobooooobooOooboooooOoOoOobooOoOoo 300 10
O0000000Small-world 000 0000000000000 0O0O0OO0OOOOOO
000000000000 000000000000Y0000000000000000
gobooobob spobooooboouoboooboooooo sbobouobooboosbooOooono
gooooooodoooooooboboobobobboOobooboboOoOooobOboOoooboObo
00000000000000000 742000000000000% 00000000
ooooooogrx200000000000
goboboooooooboooooooooooooboooooobooooooooDoooo
0300000000000000000 ADODDOOOOODO Booooooooooo

(© 2011 Information Processing Society of Japan



1835 O0OO0OO0OO0OO0OO0OO0O0O0O0O0OOOCOOOO0OO00O0O0OOOOOOOOO0O0O0O0O0

(@ 26 tememmEs =7 oLl 5> (A7) :ASAnode - Windo. L EIMES| (18 7R : ASh-node - Windows Intemet Explorer (o] @ s
06~ e kit ~ |42 x |8 2 | OO« b, <[ 4] x| (W 5 -
% BREAD | @ 7264 BRCARESSA- NI L 5. &~ % BREAD | @ ABE : ASAnode &=~
- 5= <, 45 q o=
BARCREMSIF—FILL TUoEME e
]
= RHEE 017 SIEHAIEE 7 SUKD-Y U 28 SEBEE 28 KA
Fos
D IABEIORERS

[LEERE]

G113, BUAALREEIL A

3 o ) LAY, BRI T B3 —
5 CIRFERTCE, 4R AR EYRAT, A FAALY
Y20 ST NE TOBDLY2EITERL o

PLEES

Ul S E MU S~ AN~ AL, BAO)E!
- AT, AR, HESILE

K BEE—F A G- Riow - @ (>5—rvh | REE-FiEm G- i -

(A) Presenting Related Items (B) Presenting Related Items
for Selected Document for Selected Word

03 bododobOooOooOooOooboOoboO0bOobOobOoUoOoUooUoboUboUbUuoooo
Fig.3 Screen shot of presenting related words and documents in proposal system.
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Table 2 A correlation coefficient matrix between indexes.

df df/df deg
daf 1.000 | 0.098 | 0.837
dfs/df 1.000 0.063
deg 1.000
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Fig.4 Distribution of document frequency (df) and adaptation (dfz/df) of all extracted words.

The areas of divisioning words in proposal system is shown.
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Table 3 Result of word division and means of indexes in each division.

oo oo df df>/df deg

Inoood 405 02.0%0 10.6 0.751 452.5
IIooooo 433 02.2%0 19.4 0.438 950.2
111 6,915 034.4%0 17.2 0.139 767.8
v 12,350 061.4%0 10.1 0.053 527.9
oooo 20,103 17.2 0.139 767.6
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Table 4 Details of information retrieval tasks using in the experiment.
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Table 5 Detail of users and its grouping in the experiment.

oooo oooo oooo
oooo oo O
A gooooooooo 23 13 36
go0ooOooo0o0o0oooo
B gooooooooo 23 11 34
O 46 24 70
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Table 6 Distinct number of words used in each group and in each task.

000 | 00000000000 ooooo
df >3 | df <3 0

1 INEEEGEGEE 42 0| 42
BOOOOOOO 19 23 | 42

2 INGEEGEGEE: 122 0| 122
BOOOOOOO 44 28 | 105
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Fig.5 Distributions of number of words used in the experiment.

df >300000000000000000000000df>300000000000
000000000000000 5()000000000000000000000
05(b)0000000000000000000000 1000000000 140000
200000 2000000000000000000000000000000000
000000 70000000000000000000000
(1)0000oo0oo0o0
0000000000000000000000000000000000000000
000000000000000000000000000000 0000000 deg
000000000000000000000

0000000000 ¢ 00000000000000000000000 60000
000 40000 df000 k00000000 D0DND0O0000N00000df0000
0000040000 10°000000000000000000000000df000
0000000000000 df00000000000004df000000000000
00000000000000000 2000000000000000 102000000
0000000000000 00D000000000000000000000000
00000000

0000000000 deg0000000000000000000O0O0O 70000
000 deg0 000 deg 000 k000000000000 000000000 deg00O
00000000deg0 10°000000000000000000 deg00000000

(© 2011 Information Processing Society of Japan



1838 O0OO0OO0OO0OO0OOO0OO0OO0O0OOOOCOOOOO0O0O0OO0OOOOOOOOOOO0O0O0O0

4 4
10 10
e UseréroupA Navigétion — e UseréroupA Navigétion —
* *
T User Group B (Retrieval) -~ Tk User Group B (Retrieval) -
T Document set ---%:--- T Document set ---:---
10° | Tx F 10° | X F
* *
S 2k X E E x E
o o
o 3
w i o
10' b \ A E 10" b E
. »
N X N *
X \ X=X
0 L h L 0
10 10
10° 10' 102 10° 10 10° 10' 102 10° 10*
df df
(a)DODO 1 (b)yOoQ 2

06 D0O0D0O0ODOODOODOODOODOOOOODOOOOOdfODOO

Fig.6 Distributions of df of words used in the experiment.
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Fig.7 Distributions of deg of words used in the experiment.
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Table 7 Averaged df, df2/df and deg of words in each division.

ogooad goo1 goog 2
oooo oo df dfo/df deg 0o df df2/df deg

A oooo 42 10.1 0.251 478.9 122 64.6 0.457 1,780.6
IDoooo 6 7.8 0.711 402.3 25 26.2 0.701 1,031.9
Iooooo 3 10.3 0.388 545.7 42 21.0 0.419 1,236.5
o v 33 10.5 0.155 486.7 55 115.4 0.376 2,536.3

B oooo 19 80.7 0.231 2,019.0 77 144.9 0.264 3,731.8
IDoooo 1 10.0 0.600 366.0 1 4.0 0.750 321.0
Iooooo 1 10.0 0.400 261.0 3 24.0 0.384 1,444.3
o v 17 89.1 0.199 2,219.6 73 151.8 0.253 3,872.5
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Fig.8 Distributions of df and dfz/df of words used in the experiment.

5. 0O O

goboooooooooooobooooooboOoboobooOobOooobooOonOoonoO40o
goooobooooooooooooooooboooooooooooobobooobobo
goboooooooobobooooooobooboo

5.1 ODO0O0OO0OO0OoooOoo

4400000000000 000000000000 OD00O000DOdeg0O0O
oo0oo0oo0oo0ooo0oooO(@)oooooooo0ooooooooooooDo
oooooooooobob saboooooooo I1ooooo nooooooooooo
gooobooooooooboooooboboooooooooooboooooooooboo
goooodooobooboooooboooooooo21b0000000000O00O00O0DOOO0
goboooobodooooo

gbobooboobooboodoooooooobooooo soouooboooobooooboooDo
O0000ooo000ooo0o00ooo0o0ooo0o00 ADDOooooooooooo
ooooBOOOOOOOOOOOOOOOOOOOO IIIOIVOODOOOOOOoooo
0100000 BO 200000000000 4df0 3940df2/df O 0.3070 deg O 4,782
obooboooooooooooobooooooobooOooOooboooOoboOooooOoOboOoOoobo
00000000 AQ0S000D0000DOO0DO df O 60df2/df 0 0.3330deg0 2310
O000df,/df00000000000df 00O deg0000000ODOOOODOODOOOO

00o0oooooog Vol 52 No. 4 1831-1842 (Apr. 2011)

08 O0O00O0O0OO0OO0OOOODODOODODODOD
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Table 9 Subjective evaluations for functions of proposal system.
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Table 10 Subjective evaluations for presentation methods of related words.
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