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Speed-up of Local Improvement Clustering Method
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We address the problem of clustering objects based on a finite set of candi-
date pivots. For this problem, the divided improvement method, the greedy
improvement method and the local improvement method are representative.
Compared with the other two methods, the local improvement method is ex-
pected to stably produce better results, but it surely requires a large amount of
computational load. In this paper, after showing that this clustering problem
has a submodular property, we newly propose an efficient local improvement
method by incorporating a technique called lazy evaluation on the submodu-
lar problem. In our experiments using three real data sets, we show that the
proposed method can stably produce desirable results with computational effi-
ciency comparable to those of the divided improvement method and the greedy
improvement method.
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Table 1 Solution quality for the electrical power grid.

K LI (LILE) DI GI (GILE)
5 | 714.7 £ 1.3 (715.4) 693.9 + 14.7 (715.4) 703.0
10 849.1 + 0.8 (849.4) 797.3 + 15.0 (822.4) 834.9
15 950.6 £+ 0.0 (950.6) 893.2 + 14.3 (927.8) 934.1
20 | 1020.8 £ 0.8 (1023.1) 962.4 + 18.1 (987.2) 1005.2
25 | 1079.0 £ 0.3 (1079.2) | 1020.8 £ 25.2 (1050.0) 1064.0
30 | 1125.9 £ 0.7 (1126.8) | 1056.3 £ 15.0 (1072.9) 1111.6
02 0000O0o0oooooooo
Table 2 Solution quality for the blog network.
K LI (LILE) DI GI (GILE)
5 2922.3 £ 0.0 (2922.3) 2817.5 £ 60.4 (2913.1) 2917.2
10 | 3347.0 &+ 0.9 (3347.6) | 3191.3 + 74.6 (3335.4) 3316.7
15 | 3551.8 + 3.0 (3554.1) | 3343.7 + 59.5 (3433.9) 3523.0
20 | 3724.0 + 2.8 (3725.0) | 3520.6 + 48.2 (3582.8) 3684.5
25 | 3850.4 £ 0.9 (3851.5) | 3637.9 £+ 34.6 (3718.8) 3814.0
30 | 3947.5 £ 1.0 (3950.1) | 3725.2 + 71.4 (3824.8) 3920.0
03 O0oooooooooooo
Table 3 Solution quality for the Wikipedia network.

K LI (LILE) DI GI (GILE)
5 | 3224.0 £ 0.0 (3224.0) | 3067.1 £+ 42.9 (3137.6) 3221.0
10 | 3420.7 + 0.0 (3420.7) | 3285.4 + 40.3 (3325.6) 3417.4
15 | 3536.3 + 0.3 (3536.8) | 3364.4 + 58.5 (3407.0) 3536.2
20 | 3632.4 £ 0.0 (3632.4) | 3433.7 £ 35.1 (3496.5) 3629.3
25 | 3710.9 £ 0.1 (3710.9) | 3513.3 £ 22.3 (3550.4) 3706.2
30 | 3770.8 £ 0.3 (3771.0) | 3516.8 £ 32.9 (3569.9) 3766.1

04 000DO0OO0OOOODOOOOOSsec.O
Table 4 Processing efficiency for the electrical power grid.

K LILE LI DI GILE GI

5 3.34 £ 0.33 9.70 £ 1.07 1.61 4+ 0.37 1.91 4.24

10 3.41 + 0.68 19.89 £+ 4.11 1.32 £+ 0.40 2.11 8.46

15 | 3.71 £ 0.58 30.58 £ 4.90 1.35 + 0.26 2.25 12.68

20 | 3.39 £ 0.29 40.45 + 4.61 1.05 + 0.19 2.42 16.90

25 | 4.37 £ 0.64 59.85 + 3.72 0.95 £ 0.22 2.48 21.11

30 | 4.67 £0.41 | 79.44 £ 11.56 | 0.94 £ 0.23 2.60 25.31

05 0D00000D000D000DO000OSsec.O
Table 5 Processing efficiency for the blog network.

K LILE LI DI GILE GI
5 22.65 + 2.35 64.74 + 5.21 14.21 £ 3.15 12.41 28.73
10 | 24.43 £ 2.34 | 132.00 £ 13.41 14.44 £ 4.32 14.26 57.41
15 26.51 + 2.22 211.71 £ 22.94 15.24 £+ 3.95 14.89 86.07
20 | 29.74 £ 2.51 | 323.53 4+ 26.13 | 10.83 £ 2.52 15.48 114.74
25 | 29.52 £ 1.06 | 367.55 + 26.41 13.76 £ 3.42 15.66 143.36
30 | 28.39 £+ 2.51 | 458.91 4+ 58.40 | 10.05 + 1.70 16.22 171.96

06 OD00D0OO0OOOOOODOOOOOSsec.O
Table 6 Processing efficiency for the Wikipedia network.

K LILE LI DI GILE GI
5 | 30.20 + 2.73 78.29 £+ 5.49 20.75 + 4.79 13.84 34.30
10 | 32.58 + 3.36 150.30 £+ 7.71 18.25 + 4.33 15.32 68.52
15 | 32.14 + 5.44 | 219.48 £ 17.72 | 19.07 + 3.37 16.07 102.75
20 | 41.11 £ 3.05 363.14 £ 7.52 19.83 £ 4.64 16.39 137.00
25 | 41.79 £+ 3.27 | 412.93 £+ 35.75 | 17.53 £ 2.71 16.97 171.25
30 | 46.30 £ 8.46 | 513.76 + 61.38 | 18.58 £ 5.67 17.34 205.51

ooooooookKOooooooooooooooooooooooobooobooooooo
00000000000 0O0GILECODO LILEOOOODOOOOOOOOOOOOD KOO
gooooooooooooooooooobooooooooOobOooooboobOoDbOobOOobo
gobobooboooooooooooooooooooboooooooboooooooooDoobooo
OO0o00o0OoOoO0LILE0DO0OOOONOR, 0000000O0O0O0O0O0O0O0O0O0O0ODODOO
gooooooooooooooooobooooooooboobooooooooooooDooonoo

OOoOOLILEODODODOOOOODIOD GILEODOOOOO0OO0O0O00O0O0O0O0DOOOOOO0OD

000000000 0O0oo0oooOoOoO Vol.3 No.o1l 62-72 (Jan. 2010)

010003000000000000LILECO DIOOOOOOODIOOOOOO
O LILEOCOOOO0OO0OO0O0OOO0O0000 KoooooooblIobooooooooo 1o
Ooo0o0oooooOOoOCocOO00LILEOODOOOO0OO0OODOOODOO0O000000DODOO0DIO
ooooOo0o0oO0ooooooOOO0O0000ooOoODOO0b00000000000 LILEOO
goooobooocooooboooooobooOobooooooobooobooooOobocOoOoooOoonon
gooooboooooooooooooooooooboboooooooboooooooobooonoo
LILEOOOCOOODODOOOOO0O0O00o

(© 2010 Information Processing Society of Japan



70 O0O0O0OO00O0O0OOOOO0OOOOO0OOOOOOOo

1.0
¢ 0 8 o 0
O
2 ” v
E X
Z 098} X LS
=}
g 9 5 %
£ 096, % % %
30945 X s «
z X X X
B 0.92} X . 5
g
2
095 | & LILILE) X DI -GI(GILE)]
0883 10 15 20 25 30
number of pivots K
() 000D000000D00000
ar
A
VAN
3.5t A A
3l
£ éi & A
RN A % A o
ININ
s 28 % YAN
&
B 1.5 [ O LLE A LI X DI--GILE Gl
2
g

number of pivots K
() D0DODO0OODODOOODODOO

1.02¢
) S S T S
Ly
5 %
<
-
5% x x X X
g L X X X X
i 0.96 é « § § §
2
3 0.94p % % % X
z X
8 0.92F *
So09 X
E X
0.91 [ O LILILE) X DI - GIGILE)]
088 10 15 20 25 30

number of pivots K
(byooOODOOOODODOOOOD

01 Gloooooooog
Fig.1 Ratio of solution quality to the GI method.
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Fig.2 Ratio of processing efficiency to the GI method.
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