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Personal Name Disambiguation in Web Search Results

Using a Semi-Supervised Clustering Approach

KAZUNARI SuciyAMAT and MANABU OKUMURATT

Personal names are often submitted to search engines as query keywords. However, in
response to a personal name query, search engines return a long list of search results
that contains Web pages about several namesakes. In order to address this problem,
most of the previous works that disambiguate personal names in Web search results
often employ agglomerative clustering approaches. In contrast, we have adopted a
semi-supervised clustering approach to integrate similar documents into a seed docu-
ment. Our proposed semi-supervised clustering approach is novel in that it controls
the fluctuation of the centroid of a cluster.

Key Words: Web information retrieval, Semi-supervised clustering, Personal name disam-
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Algorithm: Agglomerative clustering
Input: Set of feature vectors of search-result Web pages wPi(i = 1,2, -+ ,n),
Wp = {wPl,wP2,. ..  wPr}.

Output: Set of clusters C = {C1,C3, - -} that contain the Web pages that refer to the same person.
Method:
1. Set each element in Wp as an initial cluster C;.

C; = {w?i}, thus set of clusters C = {C1,C2,--- ,Cp}.
2. do

2.1 Find the pair of clusters (C;, C;) with the maximum similarity,

then merge C; and C; to form a new cluster C"°", add C"°" to C, remove C; and C; from C,
and recompute the centroid G™°" of the cluster C"™“" using Equation (10).

2.2 Compute similarity between C"¢* and all C; € C (C; # C™°Y).

3. until All of the similarities computed in 2.2 are less than the predefined threshold.

4. return Set of clusters C

01 goboobooboobooobo
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4 http://clusty.com
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Algorithm: Semi-supervised clustering

Input: Set of feature vectors of search-result Web pages w?i(i = 1,2, ,n),
and seed pages w"%i (j =1,2,--- ,u),
Wp = {wPl,wP2, .. wPn wPs1 wPs2 ... wPsu}.

Output: Set of clusters C = {C1,Ca, - - - } that contain the Web pages that refer to the same person.
Method:
1. Set feature vector of each Web page wPi and each seed pages w”®i in Wp

ks
as an initial cluster C; and C’g].ﬂ, respectively.

ks )
Ci = {wPi}, 007 = (w5},
thus, set of clusters
C={C1,Ca,--+,Cp,CHD ... ClFu)Y,

where “cannot-link” constraints are introduced between Ciqq) and Ci’:”(q #r).
ki (h =1, u) — 0,
where kj, denotes the frequency of merging a cluster that do not contain a seed page into Cg:h).
2. do

2.1 Find the pair of clusters (C;,C;), or (C;, Cé:h)) with the maximum similarity.

(kh))

if the maximum similarity is obtained in (C;, Cs,

o ctkn)
then compute the distance D(G%i, G *h )
. c. c(Fn) (k},) .
between the centroids G~ and G ~*h  of clusters C; and Cshh , respectively.

for | =1 to n; do

transform the feature vector 'wg_ in C; to wpcl , using Equation (11),

i i
k

add wgli/ to Céhh)

end for

kp «— kp +1

recompute the centroid Gngh)using Equation (12), and remove C; from C.
else if
the maximum similarity is obtained in (C;, C;),
then merge C; and C; to form a new cluster C"°", add C"°" to C, remove C; and C; from C,
and recompute the centroid G™*" of the cluster C"*" using Equation (13).
2.2 Compute similarities between C™°" and all C; € C (C; # C™°").
3. until All of the similarities computed in 2.2 are less than the predefined threshold.

4. return Set of clusters C.

02 goboobooboobooboobooobo
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Seed page ¢ | Fos | Foz Seed page ¢ | Fos | Foz
1 Wikipedia article | 0.94 | 0.63 | 0.61 || 1 Web page | 0.95 | 0.61 | 0.58
2 Wikipedia articles | 0.93 | 0.65 | 0.64 || 2 Web pages | 0.94 | 0.63 | 0.61
3 Wikipedia articles | 0.95 | 0.66 | 0.66 || 3 Web pages | 0.96 | 0.64 | 0.65
4 Wikipedia articles | 0.97 | 0.67 | 0.68 || 4 Web pages | 0.93 | 0.64 | 0.66
5 Wikipedia articles | 0.98 | 0.68 | 0.69 || 5 Web pages | 0.97 | 0.66 | 0.67
6 Wikipedia articles | 0.96 | 0.67 | 0.70 || 6 Web pages | 0.94 | 0.64 | 0.67
7 Wikipedia articles | 0.97 | 0.66 | 0.68 || 7 Web pages | 0.96 | 0.62 | 0.65
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Seed page ¢ | Fos | Foz Seed page ¢ | Fos | Foo
1 Wikipedia article | 0.95 | 0.64 | 0.61 || 1 Web page | 0.93 | 0.62 | 0.59
2 Wikipedia articles | 0.94 | 0.66 | 0.63 || 2 Web pages | 0.96 | 0.63 | 0.61
3 Wikipedia articles | 0.96 | 0.68 | 0.66 || 3 Web pages | 0.95 | 0.66 | 0.64
4 Wikipedia articles | 0.98 | 0.70 | 0.68 || 4 Web pages | 0.95 | 0.67 | 0.68
5 Wikipedia articles | 0.97 | 0.71 | 0.70 || 5 Web pages | 0.94 | 0.69 | 0.70
6 Wikipedia articles | 0.95 | 0.69 | 0.71 || 6 Web pages | 0.93 | 0.68 | 0.69
7 Wikipedia articles | 0.96 | 0.67 | 0.70 || 7 Web pages | 0.95 | 0.66 | 0.68

04 0O0O0O0OO0OODOOOOODOODOOOOOODOOOOOOODOOOODOO cOO

Seed page c Fos | Foo Seed page c Fos | Foo
1 Wikipedia article | 0.97 | 0.66 | 0.67 || 1 Web page | 0.96 | 0.65 | 0.63
2 Wikipedia articles | 0.95 | 0.68 | 0.68 || 2 Web pages | 0.98 | 0.66 | 0.65
3 Wikipedia articles | 0.94 | 0.70 | 0.71 || 3 Web pages | 0.93 | 0.68 | 0.69
4 Wikipedia articles | 0.96 | 0.72 | 0.73 || 4 Web pages | 0.95 | 0.70 | 0.72
5 Wikipedia articles | 0.98 | 0.75 | 0.74 || 5 Web pages | 0.98 | 0.73 | 0.73
6 Wikipedia articles | 0.97 | 0.73 | 0.72 || 6 Web pages | 0.96 | 0.71 | 0.72
7 Wikipedia articles | 0.95 | 0.71 | 0.70 || 7 Web pages | 0.97 | 0.69 | 0.71

05 Jboooooobooooooobobooooobooboo

Purity | Inverse purity | Fo.s | Fo.2
0.67 0.48 0.52 | 0.49

3.3.2 0J0OODOOO0OOOODOOO
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gbooobooboboobobooboboobsboDbd
(2)J00000O0O0OOoODODODOODOOOOOO
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0000000 WikipediaOOOOO ()OO 1000000000 WebOOOOOOOOO
oo0oOooOo3100000 wepSOODOOOOOOOOOOODODODODOOOOOO
Wikipedia OO0 O DO0OO0O0O0O00O0O0O0O0O0O0DO0O0O0ODOO0ODODOOO WikipediaOOO
000000000000 seedD000ODOODODODOODODODOWeOOOOOOO
001000000000 wWebOODOOOODOOOOODOODOOOWePSOOOOOOODO
gbo0ob0d3b00b000b0lebObDboOnDO WikipediaDODOOO1M40OOODODOO
001000000000 WebODOUODO seedd D O0OOO0O0OOD0OOD0OOODOODODOODOO
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Oe600000 seedd 000000000 OO0ODOOODOOOODOOOOOOODOOOOOOO
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0000000 seed 000000000000 0O0O0ODOO0O FO (Fos =0.680 Fy2 = 0.66)
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000000000331 0000000000000 seed0000000O00O0OOODOOOO
UO000seed000000O 700000000000 2000000000000 seed0O0O
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oobobOooboooooboo wWebOOOooooooOooooooboooooooboo
Uoboooooo304000000,000 WikipediaOOOOO 70000000000
OWwWebOODOOODODOOOOOOOOOOOOOO (FO)ODODOO

OoOoooboooobo20000000dOseed000ODOOOOO0O0OOOOOOOOOO
ooooooooobooboooboboobbboUooooooooooooooOoOoOoO1I0Oo
000000000000 000000000000000 KleinO (Klein et al. 2002)0 Xing
0 (Xing et al. 2003)0 Bar-Hillel O (Bar-Hillel et al. 2003) OO0 0 0000000000000
O00000O0Oseed0000D0O0O00O0O0DOOOOODOOOOOOODOOOOODODO
ooooooboooooobooooobobooo

3.3.3 0U0OO0ODOOO0ODOODOODOD

332000000000000000 WebOOODO seed0000O0OD0OOO0ODOOODOOO
gbobobOobobd WebOOOooooooboboobooooooooobooooooo
gobobooooobooobobbuooobbobooobobbuooobDbboooooboobo

U00O0Oseed000000D0O0OD0OOOODOOO0OO0DOOOODOOOODOODODO 3000005

06 100seed00000OO00OO0OOOOOOODOODODODOOOOOOOOODODODODOO

oo
Distance measure Seed page* || Purity | Inverse purity | Fos | Fo.o
(i) Euclidean distance (a) 0.47 0.82 0.60 | 0.62
(b) 0.49 0.77 0.58 | 0.61
(ii) Mahalanobis distance (a) 0.50 0.85 0.62 | 0.64
(b) 0.53 0.75 0.64 | 0.65
(iii) Adapative Mahalanobis distance (a) 0.57 0.88 0.68 | 0.66
(b) 0.55 0.76 0.65 | 0.64

*(a) and (b) in “Seed page” denote “Wikipedia article” and “top-ranked Web page,” respectively.
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[seed page] 2 sentences [seed page] 2 sentences
[search result Web page] 3 sentences [search result Web page] 3 sentences
[F10.79

S 4s 5. 2
S full 1
Number of words or sentences tfelili W

in a seed page

5s
Number of words or sentences Number of words or sentences tful{ W Number of words or sentences
in a search-result Web page in a seed page ex in a search-result Web page

05 030000500 seedd00 (WikipediaOO)OOOO,seed0 00000000 WebOODO
gooooOoOoOoOoOoOoOoOoOoOoOOOOOOOOOOOOODOODOODO (WO % O,00
gooooooooooon)

0.8 T T T T p— 0.8 =
07 [ 1 0.7 [ [F] 0.67\
IF] 0.64\
L 06 L 0.6
05 [ 05 [
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iw 2w 3w 4w 5w 1s 25 3s 4s 55 full iw 2w 3w 4w 5w 1s 25 3s 4s 55 full
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O0O0D0O0DOb0OwWePSOODOOODOOODOODOODOODOODOO FOOODOOsseedDOOO
gbobooboboobobooboboobuooboebooboboobOobOoOon
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3.34 00OOOOODO

“Web People Search Task” 0 0 0000 30000000000000 (FO)000O700
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O 7 Web People Search Task 000000 3000000000000D0O0C0O00ODOOOOO

Team-ID Purity | Inverse purity | Fos | Fo.2
CU_COMSEM (Chen and Martin 2007) 0.72 0.88 0.78 | 0.83
IRST-BP (Popescu and Magnini 2007) 0.75 0.80 0.75 | 0.77
PSNUS (Elmacioglu, Tan, Yan, Kan, and Lee 2007) 0.73 0.82 0.75 | 0.78

Our proposed method
(with adaptive Mahalanobis distance)
Using full text (Sec. 3.3.2)

1 Wikipedia article 0.58 0.84 0.68 | 0.66
1 Web page 0.60 0.76 0.65 | 0.64
5 Wikipedia articles 0.75 0.78 0.76 | 0.74
5 Web pages 0.77 0.69 0.72 | 0.73
Using fragments (Sec. 3.3.3)
(i) 2 and 3 sentences in 5 Wikipedia seed pages and 0.80 0.83 0.81 | 0.82
a search result Web page, respectively
(ii) Snippet and 3 sentences in 5 Wikipedia seed pages | 0.70 0.62 0.66 | 0.68

gboboooboboooboboobobooobobooboboooboobooobobooD
gboboobobooboboobo

34 UQOOoOobOooood

3320000000000 (1) 0000000000000 0000D0OD0OOseed OO0
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0000000000000 0D000000D0070000O WikipediaOOOOO 700000
000000 WebOOOOseedODOOODODODOOOODODOODOODOOODODOO 3.3.2
OO000OCOCOCOCOO0O0O00O0000000UUUUUUOUOOOOOOOOOOPC (CPU: Intel
Pentium MO 2.0 GHzO Memory: 2 GBytel OS: Windows XP) 00 PerlUOOOOOOOOO
O0O0r7r0DOoO0DODOOO

3.5 U0

O(11)0000 0000000000000 0000ODO00000ODO 20400 ¢=0.950
g0b0o0b0ooboobOobbo0ooo0o0obO0o0bOo0bbOobObDo0oDO0ODs <e<ho
obobooobobooobobooboboooobobooobobooobobooobooo
0000 (1)OOooOoooooooOoo 0000000000000 0O0ODO0O00O000O0
OWebOOOOOOOOOOOOOOOOODOOOOOOODODOODOO0ODOOODOOOO0OOO
god
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