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Extracting Social Networks with Weak Relationships from the World Wide Web

Yingzi JINT, Yutaka MATSUO!, and Mitsuru ISHIZUKA'
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Relational score
: Large
: Middle
--------- : small

)

Subjective rule-based method
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Fig.1 Extracted networks based on an objective rule
and a subjective rule.
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Input : a person name list L, and a threshold T
Output : a social network G

for each x €L
do set anodein G
done
foreach x el andy elL
do ryy <« GoogleCooc( x,y)

done
/* Invent edges using subjective rule. */
foreach x €L andy elL
if ry >T
do set an edge between x and y in G
done
return (G)

* GoogleCooc returns the number of hits retrieved by a
given query (\ x AND y") using a search engine (Google).

$2 HR O+«°0%g"¢t'” “Z
Fig.2 Algorithm of previous method.
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Input
Output

: a person name list L, and a threshold M
: a social network G

for each x €L
do set anodein G
done
foreach x el andy elL
do ryy <« GoogleCooc( x,y)
done

/* Invent edges using objective rule. */
for each x €L
do Yy «— ConnectedNodes( x), ¥x «— L \ Y
while |Yx|<M and Yx 3 A
y =argmax ryy , Yx < Ve \ {y}
Yj €V¥x
do set an edge between x and y in G,
Yx = Yx U{y}
done
done
return (G)

* ConnectedNodes returns a node set connectted with X;

|X | returns the number of elements in a set X
$3 E¢Aé"«~«npu%aiwRQMe
yio$¢gt'” “Z
Fig.3 Algorithm of Network Questionnaire.
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Input
M >
Output

: a person name list L, and threshold set

: a social network G

for each x €L
do set anodein G
done
foreach x €L andy €L
do ryy <« GoogleCooc( x,y)
done

/* First, invent edges using subjective rule. * o

foreach xelL andyelL
if ry >T
do set an edge between x and y in G
done

/* Then, invent edges using objective rule. o
for each x €L
do Yy < ConnectedNodes( x), Yx «— L \ Yx
while |Yx|<M and Yx 3 A
y =argmax ryy ;, Yx — Yx \ {y}
Yj E‘%y
do set an edge between x and y in G,
Yx < Yx U{y}
done
done
return (G)
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Fig.4 Algorithm of proposed method.
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Taﬁ M1,M2 >
Output : a social network G

for each x €L
do set anodein G
done
foreach x €L andy el
do rgy «— overlap( x,y), ry, <« cooc(x,y)
done

/* First, invent edges using subjective rule. .. 1)
foreach x el andy elL
it (rey >Tov AND 15y >Tgo) ... (RULE 1)
do set an edge between x and y in G

done

/* Then, invent edges using objective rule. (2
for each x €L
do Yy « ConnectedNodes( x),
Yx — L\ Yy
while |[Yx|<M 1 and Yy 3 A
y —argmax r% , Yo — Y, \ {y}
yj €¥x
ifrey >Toy ORI >Teo oonn. (RULE 2 )
do set an edge between x and y in G,
Yx «— Yx U{y}
done
Y, — L\ Yy
while |Yx|<M , and Y, 2 A
y « argmax roy , ¥,/ — ¥,/ \ {y}
Yk €YY
if rgy > 0AND rg) > 0......... ( RULE 3 )
do set an edge between x and y in G,
Yx — Yx U{y}
done
done
return (G)

Input : a person name list L, and threshold set < T ¢,

$5 S Ow ;*#:;AznifE"e
“hz"AYpAw ~Z}

Fig.5 Detailed Algorithm used in the Yokohama Tri-
ennale 2005.
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1 HR Ow&up|6qgp| <quidVY"»w«¢2"AYuAw UACAYE
Table 1 Precision, recall, and  F -value with parameters in the previous approach.

Cases Tov Teo P R F #Extracted* #Correct*
(a): Maximum Precision 0.24 30 |92.9% 26.7% 0.41 42 (42,0,0) 39 (39,0,0)
(b): Maximum Recall 0 0 |14.6% 100% 0.25 | 1000 (1000,0,0) 146 (146,0,0)
(c): Maximum  F -value 0.05 20 |76.4% 37.7% 0.50 72 (72,0,0) 55 (55,0,0)

: Numbers in brackets are numbers of edges invented in RULE 1, RULE 2, and RULE 3.

T2 S owa&upléqp| <quidY"»w<«¢z"AYpAw UACAYE
Table 2 Precision, recall, and  F -value with parameters in the proposed approach.

Cases Tov Tco M1 M P R F #Extracted #Correct
Case () 024 30 3 2 | 34.4% 65.1% 0.45 277 (42,227,8) 95 (39,54,2)
Case (b') 0 0 0 0 |14.6% 100% 0.25 | 1000 (1000,0,0) 146 (146,0,0)
Case (c") 0.05 20 1 0 |554% 49.3% 0.52 130 (72,58,0) 72 (55,17,0)
(d): Maximum  F-value | 0.82 20 5 1 |43.4% 74.0% 0.55 |249 (23,212,14) 108 (19,84,5)

(@ HR O Previous approach.
¢Toy =0:24| T, =30 £

(b) S O Proposed approach.

CToy =0:24| Teo =30 | M1 =3 | M =2 £
$9 "ZNe"E A&7 «wWEM
Fig.9 Di®erence of extracted networks.
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Fig.10 T,y vs. precision, recall, and F -value.
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(@) &up Precision (b) 6gp Recall (c) F < F-value
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Fig.11 To and T¢ vs. performance in the previous approach.
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Fig.12 To, and T¢ vs. performance in the proposed approach.
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Fig.13 M vs. performance in the proposed approach.
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Fig.14 M vs. performance in the proposed approach.
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Table 5 Precision, recall, and F -value in the testing

data with parameters that produced maxi-

mum F -values in the learning data.

(@ HR O previous approach.

Tow Teo | Flay P R FT

018 O 0.66 |84.6% 30.6% 0.45

0.8 0 0.66 | 100% 36.4% 0.53

012 O 0.60 |60.0% 60.0% 0.60

(b) S O proposed approach.

Tow Teo M1 My |FhL, P R FT
0.18 20 5 0 0.75 | 64.9% 66.7% 0.66
02 20 5 0 0.71 | 72.7% 72.7% 0.73
0.18 20 3 0 0.69 |71.1% 67.5% 0.69
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Table 3 Precision, recall, and

3 HR Ow&up|6qp| <quidY"»w<¢Z€ w UACAYE
F -value with parameters in the previous approach.

Cases Tov Teo R F #Extracted* #Correct*
(a): Maximum Precision 0.6 5 100% 5.98% 0.11 14 (14,0,0) 14 (14,0,0)
(b): Maximum Recall 0 0 |19.1% 100% 0.32 | 1225 (1225,0,0) 234 (234,0,0)
(c): Maximum  F -value 02 0 |87.4% 47.4% 0.62 127 (127,0,0) 111 (111,0,0)

: Numbers in brackets are numbers of edges invented in

RULE 1, RULE 2, and RULE 3.

T4 S Oow&upl|6qp| <quidY"»w<¢Z€ w UACAYE

Table 4 Precision, recall, and

F -value with parameters in the proposed approach.

Cases Tov Teo M1 My P R F #Extracted #Corrct
Case (a') 0.6 3 3 [3L7% 59.4% 0.41 | 438 (14,422,2) 139 (14,124,1)
Case (b") 0 0 0 0 |19.1% 100% 0.32 |1225 (1225,0,0) 234 (234,0,0)
Case (c) 02 0 0 0 |87.4% 47.4% 0.62 127 (127,0,0) 111 (111,0,0)
(d): Maximum F-value | 0.2 20 7 0 |68.0% 71.8% 0.70 | 247 (30,217,0) 168 (26,142,0)
T 6 i0$cct'” "ZwAL §M¥3pAyeh ‘XxM-M-s @GtSMoA
Table 6 Precision, recall, and  F -value in the subjec- N S A~
tive rule ! oM"wp|DCwE8I" O"c“UxtM}\et
M P R F #Extracted #Correct 0 [€TASUyX|Ys"UlGsYs"pgMw
1 ]1651% 12.0% 020 43 28 %0e>EAOM"® M¥3¢ Weak Ties £ X |
2 | 59.0% 19.7% 0.29 78 46 R L ] N
3 | 57.8% 28.6% 0.38 116 67 Oe¢ 'w'OtdCiaspqwip «+h—>C
4 | 56.8% 37.6% 0.45 155 88 4°0M™” [2]}7‘suﬂw2”AYpAU€Cb”
5 | 56.1% 47.4% 051 198 111 A A m e e R
6 |53.8% 54.7% 0.54 238 128 M$s20qwOu|Ys” «ulGwz"AYH
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Abstract Social network extraction from the Web is receiving much attention recently. This paper
presents a new algorithm to extract a social network of artists. The algorithm can identify weak rela-
tionships among artists. We first describe the basic idea of extracting social networks from the Web, and
then indicate that objective rule-based methodsfunction ineffectively when applied to inhomogeneous com-
munities. We propose a subjective rule-based methodthat is inspired by network questionnaires in social
science. Furthermore, we propose to combine objective and subjective rule-based methodswhich enables
more exhaustive extraction than that under the previous method. We evaluate our method elaborately
and demonstrated the effectiveness of our method. Our system was used at the International Triennale of

Contemporary Art (Yokohama Triennale 2005) to facilitate navigation of artists’ information.

Key words ~ Web mining, social network, relation extraction, weak relationship



