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Input: a person name list L, and a threshold T
Output: a social network G

for each z € L
do set a node in G
done
for each x € L and y € L
do ry,, «— GoogleCooc(z,y)
done

/* Invent edges using subjective rule. */
for each x € Land y € L
ifry, >T
do set an edge between =z and y in G
done
return(G)

* GoogleCooc returns the number of hits retrieved by a
given query (“cz AND y”) using a search engine (Google).
02 0000ODOO0OOOODODOOoOOODOo
Fig.2 Algorithm of previous method.
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Input: a person name list L, and a threshold M
Output: a social network G

for each z € L
do set a node in G
done
for each x € L and y € L
do ry,, «— GoogleCooc(z,y)
done

/* Invent edges using objective rule. */
for each z € L
do Y, « ConnectedNodes(z), Yy, « L\ Yz
while |Y;| < M and Y, # ¢
Y = argmax vy, Yo — Yo \ {y}
Y €Y
do set an edge between z and y in G,
Yo — Yo U{y}
done
done
return(G)

* ConnectedNodes returns a node set connectted with z;
| X| returns the number of elements in a set X.

03 0D00O00o0o0ooOoooooooooo
gooooooooooooo
Fig.3 Algorithm of Network Questionnaire.
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Input: a person name list L, and threshold set < T,
M >
Output: a social network G

for each z € L
do set a node in G
done
for each x € L and y € L
do g, < GoogleCooc(x,y)
done

/* First, invent edges using subjective rule.*/ ... (1)
for each z € L and y € L
ifro, >T
do set an edge between z and y in G
done

/* Then, invent edges using objective rule.*/ ...(2)
for each z € L
do Y, < ConnectedNodes(z), Y, «+ L\ Yz
while |Y;| < M and Y, # ¢
Y = argmaxra,y;, Y, — Yo\ {y}
yjEYy
do set an edge between = and y in G,
Y, — Y, U {y}
done
done
return(G)
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Fig.4 Algorithm of proposed method.
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00000000000000000 [8],[90000
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Input: a person name list L, and threshold set < T,,,
Teo, M1, Mz >
Output: a social network G

for each z € L
do set a node in G
done
for eachzx € L and y € L
do r7?, « overlap(z,y), r;%, < cooc(z,y)

done
/* First, invent edges using subjective rule.*/ ... (1)
for each x € L and y € L
if (r0%, > Tow AND 5%, > Teo) ... (RULE 1)
do set an edge between =z and y in G
done
/* Then, invent edges using objective rule.*/ ... (2)

for each z € L
do Y, < ConnectedNodes(z),
Y, — L \ Y,
while |Y;| < My and Y, # ¢
y « argmax 797, Yo — Yo \ {y}
Y €Y
if r0Y > Tow OR 7% > Teo ... .. (RULE 2)
do set an edge between z and y in G,
Y, «— Y, U{y}
done
Y; — L\Y,
while |Y,| < Mz and Y + ¢
y — argmax 2%, ¥ — Y1\ {y}
yREY)
ifry", >0AND 7% >0......... (RULE 3)
do set an edge between z and y in G,
Y, «— Y, U {y}
done
done
return(G)

05 000000000000 0OODODO 2005000
goopooooooooooo
Fig.5 Detailed algorithm used in the Yokohama Tri-
ennale 2005.
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Fig.6 Identification of the relations among projects
using actors’ relations.
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Fig.7 Yokohama Triennale 2005 artist network.
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Table 1 Precision, recall, and F-value with parameters in the previous approach.

Cases Tow 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 RULE1, RULE2, and RULES3.

020000000000000000000000000O000C0O00OG0O0O0GDOO0CO

Table 2 Precision, recall, and F-value with parameters in the proposed approach.

Cases Tow Teo My Mo P R F #Extracted #Correct
Case (a’) 0.24 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 |55.4% 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)

(a) 0000 Previous approach.
0T,, = 0.240 Ty = 300

(b) 0000 Proposed approach.
0T, = 0.240 Ty = 300 M; = 30 M = 200

09 0oooOoOoooooooog
Fig.9 Difference of extracted networks.
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Fig.11 Ty, and Te, vs. performance in the previous approach.
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Fig. 13 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.

(a) DO 0O previous approach.

Toow Teo | FEL..| P R FT
0 0.66 | 84.6% 30.6% 0.45

0.8 0 0.66 | 100% 36.4% 0.53
0

0.60 | 60.0% 60.0% 0.60

(b) DO OO proposed approach.
Tow Teo My Mo |FE | P R FT
0.18 20 5 0 0.75 | 64.9% 66.7% 0.66
72.7% 72.7% 0.73

0.2 20 5 0 0.71
0.18 20 3 0 0.69 | 71.1% 67.5% 0.69
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Table 3 Precision, recall, and F-value with parameters in the previous approach.

Cases Tov Teo P 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)
(¢): Maximum F-value | 0.2 0 |87.4% 47.4% 0.62 127 (127,0,0) 111 (111,0,0)

: Numbers in brackets are numbers of edges invented in RULE1, RULE2, and RULES3.

04 000000000000 ODO0OOOO0OOOOOOOOOOOOOOOOOOO0
Table 4 Precision, recall, and F-value with parameters in the proposed approach.

Cases Toyw Teo My Mo P R F #Extracted #Corrct
Case (a) 06 5 3 3 |31.7% 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 (¢’) 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)

06 OO0D0OODOODOODOOODO 000000000000 00oO0ooOooooooobooa
Table 6 E:,E;Clii?7 recall, and F-value in the subjec- 0000000000000 00000000000
Ml P R F | #Extracted #Correct 000000000000000000000000
1 |651% 12.0% 0.20 43 28 0000000000000000Weak Tiest 00O
2 | 59.0% 19.7% 0.29 78 46
3 | 57.8% 28.6% 0.38 116 67 000000000000000000000000
4 | 56.8% 37.6% 0.45 155 88 IZIDDDD[Q]DDDDDDDDDDDDDDDDDD
5 | 56.1% 47.4% 0.51 198 111
6 |53.8% 547% o054| 238 128 000000000000000000000000
7 | 491% 58.1% 0.53 277 136 JooooooooooDOooDOooooooooDooon
8 | 45.7% 61.5% 0.52 315 144
o | 431% 641% 0.52 348 150 000000000000 00oO0oO0boo0oooooa
10 | 41.3% 67.5% 0.51 383 158 OO000000000o0o0o0o0oO0ooOoboooOooobooa
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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 methods function ineffectively when applied to inhomogeneous com-
munities. We propose a subjective rule-based method that is inspired by network questionnaires in social
science. Furthermore, we propose to combine objective and subjective rule-based methods, which 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



