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Multiple-partitioning of a Weighted-graph Using GA

HiroNORI NOoGUcHIH® and KENJI OHMORItt

This paper describes a genetic algorithm for multiple partitioning of a graph with weighted-
vertexes and weighted-edges so that the conventional graph partitioning problem is expanded
to more general application areas. This paper also presents applicable examples of this al-
gorithm by proposing the dividing method in ordr to allocate constituencies automatically.
This method has successfully given us better results than the conventional method.
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An Undirected
Graph
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Fig.1 Dividing a non-weighted graph.

C — minimum (2)
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Vertex No 1 2 3 4 5 6 7 8
Genes [ ]2 ]s[o |3 fa]7]s]
High  Priority Low
Sorting
Genes |1 |2 [3]8]s]of7]s]
Vertex No 1 2 5 613 4 7 8
N PN
Y Y
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Fig.2 Sorting 8 vertexes.
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Weighted Sum 10 10 10
—
Weight 3 4 2 1 2 6 2 3 7
Genes 1 2|3|3 5|6|7 8|9|
Vertex No 1 2 5 613 4 718 9
Gl G2 G3
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Fig.3 Allocation of genes.
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An Undirected Graph
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Fig.4 Transformation to an undirected graph.
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Fig.5 Dividing with enclaves.
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Fig. 6 Dividing without enclaves.

ND = Wyrax — Wurn — minimum — (6)
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Table 1 Parameter setting.
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Table 2 Experimental results for 100 vertexes.

oo O oooo FM O GAD oo
1 1 0.05 26 26 0
1 1 0.10 61 60 1
1 1 0.15 106 106 0
1 1 0.20 157 155 2
1 1 0.25 200 196 4
1 1 0.30 236 236 0
1 1-10  0.05 93 84 9
1 1-10  0.10 304 293 9
1 1-10  0.15 460 445 5
1 1-10  0.20 729 715 14
1 1-10  0.25 829 829 0
1 1-10  0.30 1236 1224 12
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Table 3 Experimental results for 200 vertexes.

oo ] oooo FM O GA DO oo
1 1 0.05 141 145 -4
1 1 0.10 287 282 5
1 1 0.15 451 447 4
1 1 0.20 709 705 4
1 1 0.25 793 791 2
1 1 0.30 1012 1011 1
1 1-10  0.05 618 627 -9
1 1-10  0.10 1355 1355 0
1 1-10  0.15 2386 2378 8
1 1-10  0.20 3110 3076 34
1 1-10  0.25 3794 3794 0
1 1-10  0.30 4413 4405 8
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Table 4 A constituency proposal by experimental results.

oo oooo oo oo1 oo 2
ooo 1.53 1.13 1.01

w

ooo 3 1.53 1.04 1.04
gooo 4 1.26 1.03 1.03
ooo 4 1.44 1.21 1.21
ooo 5 1.71 1.05 1.03
ooo 5 1.38 1.08 1.07
ooo 5 1.63 1.09 1.07
ooo 5 1.63 1.15 1.14
ooo 7 1.70 1.15 1.15
ooo 7 1.36 1.17 1.17
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Table 5 Population for each allocation.

000 0oooo  O00(1) 00 (2)
10 509,581 393,103 393,103
20 434,212 434,212 445,087
30 446,610 446,610 406,588
40 365,586 412,602 445,505
50 299,978 387,103 387,103
60 502,087 435,276 440,175
70 397,458 446,606 437,951
oooooo 1.70 1.15 1.15
0oo 209,603 59,507 58,402
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Table 6 Proposed constituencies for Ibaraki Prefecture.

ooooo ooo 00 00@) 00(2)
oooo 52,074 5 5 5
0oo 35,604 5 5
ooo 13,059 5 5 5
ooo 199,241 5 5 5
0oo 47,580 4 5 5
ooo 131,708 4 4 4
ooooo 39,545 4 5 5
000000 146,753 4 1 1
ooo 246,350 1 1 1
0oooo A 24,111 1 4 4
0ooo C 2,621 1 4 4
ooo 30,336 1 4 4
0oooo A 23,488 1 4 4
0oo 80,500 1 4 4
ooo 66,062 1 4 4
ooo 36,113 1 7 4
0000 B 114,427 2 2 2
0000 B 50,566 2 2 4
ooo 134,022 2 2 2
ooo 60,671 2 2 2
ooo 74,526 2 2 2
ooo A 85,580 6 6 6
ooo 52,712 6 6 2
ooo 132,246 6 6 6
0000 156,009 6 6 6
ooo 40,493 6 7 7
0oo A 26,318 6 7 3
00O B 126,799 3 3 3
ooo 66,340 3 3 6
0ooo 69,161 3 3 3
oooo 99,835 3 3 3
ooo 84,475 3 3 3
0ooo 42,680 7 7 7
ooo 44,325 7 7 7
ooo 57,705 7 7 7
ooo 139,877 7 7 7
0oo 59,086 7 7 7
ooo 53,776 7 4 7
0oo B 8,729 6 6 2
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Table 7 Details of counties.
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Fig.7 The current and proposed constituencies of

Ibaraki Prefecture.
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Table 8 Comparison of processing time.

gooo ooo oooo FM O GAD
1 1 0.05 1 33
1 1 0.10 1 34
1 1 0.15 1 33
1 1 0.20 1 42
1 1 0.25 1 43
1 1 0.30 1 42
1 1-10 0.05 1 35
1 1-10 0.10 1 39
1 1-10 0.15 1 40
1 1-10 0.20 1 42
1 1-10 0.25 2 43
1 1-10 0.30 2 45
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