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Abstract: Most of previous genetic algorithms for solving graph problems have used a vertex-based encoding. We proposed an
edge encoding based new genetic algorithm using a spanning tree. Contrary to general edge-based encoding, a spanning
tree-based encoding represents only feasible partitions. As a target problem, we adopted the MAX CUT problem, which is well
known as a representative NP-hard problem, and examined the performance of the proposed genetic algorithm. The experiments
on benchmark graphs are executed and compared with vertex-based encoding. Performance improvements of the spanning

tree-based encoding on sparse graphs was observed.
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Fig. 1. Example of MAX CUT.
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Fig. 2. Example of a graph.
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Fig. 3. A Representation of GA.
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Fig. 4. Example of target graph and its spanning tree.
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Fig. 5. Edge of spanning tree and its corresponding sub-set.
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Fig. 7. Example of a sparse graph.
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Fig. 8. Example of a dense graph.
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Table 1. Genetic parameters.

Parameter Value

Max. # of generations 100
Population size 100
Crossover rate 0.9
Mutation rate 0.1
Tournament size 7
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Table 2. Experiment results of sparse graph.
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;: A # EE Z i (7(;}3/z4i

== e | P ag P | (8YER
peart352 | 100 % |224.1]2.9 [242.1] 2.1 [ 108.05%
peart.702 | 100 % |419.0] 3.3 [444.6] 3.5 | 106.10%
peart.1052 | 100 % |606.8] 5.0 [644.9] 5.6 | 106.28%
preart.134 | 100 % | 99.4 | 1.5 [106.1] 1.5 | 106.74%
preart.554 | 100 % [339.0] 3.1 [360.2] 2.5 | 106.26%
preart994 | 100 % |577.9] 5.2 [611.3] 4.7 | 105.78%
pegrid100.20 [ 49.50 % | 145.1] 2.6 [ 146.8] 1.9 | 101.22%
pegrid500.42 | 49.90 % | 582.1 4.6 [594.0| 5.1 | 102.04%
pegrid1000.40] 49.95 % [1113.8] 9.0 [1133.2] 7.0 | 101.74%
perid100.0 | 55.25 %[ 130.1] 2.4 [133.2[ 2.0 [ 10236%
perid500.21 | 52.30 % | 556.9 | 4.3 |569.4 | 43 | 102.24%
perid1000.20 | 51.79 % [1075.5 5.6 [1094.6| 7.2 | 101.77%




M Eg| Jlgt B

B e - R sk
Table 3. Experiment results of dense graph.

ol Ad | A B | AR *é?
=S A 2 xE 2 w3 H&
H]& Az} Az} | (A R)

G500.02 | 21.20 % [1303.1| 7.2 | 12933 | 7.4 | 99.25%
G500.04 | 9.74 % |2747.9| 10.0 [2718.3] 10.5 | 98.92%
G1000.01| 19.74 % |2711.0| 8.5 [2699.2| 7.7 | 99.56%
u500.20 | 10.97 % [2410.2 | 5.7 |2407.4| 54 | 99.89%
u500.40 | 5.68 % [4575.6| 7.1 |4563.2| 82 | 99.73%
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Fig. 9. Summary of Performance for sparse and dense graph(1).
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Fig. 10. Summary of Performance for sparse and dense graph(2).
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Table 4. Experiment results of random graph.
B[ A | A |
QAdxEs| 7R 3 EZ |
wg | A |y | P | ey |E9ED
r100.1.0 | 100% | 75.90 1.04 82.17 1.32 108.26%
r200.1.0 | 100% | 13570 | 1.73 | 147.37 | 1.64 108.60%
r300.1.0 | 100% | 19343 | 2.12 | 207.53 | 233 107.29%
r400.1.0 | 100% | 25020 | 3.12 | 266.20 | 2.68 106.39%
r500.1.0 | 100% | 305.80 | 3.68 | 326.07 | 2.85 106.63%
r100.0.8 | 80% | 91.47 1.45 97.17 1.37 106.23%
r200.0.8 | 80% | 165.13 | 2.06 | 175.27 | 2.56 106.14%
r300.0.8 | 80% | 236.17 | 3.05 | 249.57 | 230 105.67%
r400.0.8 | 80% | 306.13 | 3.47 | 322.00 | 3.25 105.18%
r500.0.8 | 80% | 374.57 | 3.89 | 39343 | 401 105.04%
r100.0.6 | 60% | 117.03 | 194 | 121.70 | 1.88 103.99%
r200.0.6 | 60% | 212.53 | 251 | 221.23 | 3.09 104.09%
r300.0.6 | 60% | 306.87 | 3.50 | 317.50 | 3.08 103.47%
r400.0.6 | 60% | 397.83 | 4.16 | 410.13 | 443 103.09%
r500.0.6 | 60% | 488.70 | 3.51 | 503.03 | 4.79 102.93%
r100.0.4 | 40% | 167.50 | 3.19 | 167.80 | 2.39 100.18%
r200.0.4 | 40% | 307.03 | 3.19 | 310.77 | 3.25 101.22%
r300.0.4 | 40% | 442.63 | 425 | 449.23 | 3.60 101.49%
r400.0.4 | 40% | 57860 | 423 | 584.73 | 4.93 101.06%
r500.0.4 | 40% | 713.50 | 4.78 | 720.17 | 4.60 100.93%
r100.0.2 | 20% | 308.07 | 3.57 | 302.83 | 3.35 98.30%
r200.0.2 | 20% | 581.60 | 5.75 | 575.70 | 5.07 98.99%
r300.0.2 | 20% | 848.83 | 7.25 | 84040 | 4.64 99.01%
r400.0.2 | 20% | 1111.1 | 6.18 | 1107.0 | 6.94 99.63%
r500.0.2 | 20% | 13748 | 6.71 1367.8 | 8.02 99.49%
r100.0.1 | 10% | 579.8 | 4.66 5704 | 4.59 98.37%
r200.0.1 | 10% | 11103 | 6.24 | 1097.6 | 4.90 98.86%
r300.0.1 | 10% | 1635.6 | 7.75 | 1621.7 | 10.56 99.15%
r400.0.1 | 10% | 21558 | 7.36 2142. | 13.54 99.36%
r500.0.1 | 10% | 2676.1 | 8.84 | 26579 | 14.68 99.32%

Al YeRgTh 19 109l= # 49 A

o gk As vlw A3t yet 9l

N
TR Lo
%g

H agzel A



(1]

(2]

(3]

(4]

(5]

(o]

(7]

(8]

(]

(10]

(1]

[12]
(13]
[14]

[15]

o
1
I

D23

D. Avis, A. Hertz, and O. Marcotte, Graph Theory and
Combinatorial Optimization, Springer, New York, USA,
2005.

S.-H. Kim, Y.-H. Kim, and B.-R. Moon, “A hybrid ge-
netic algorithm for the MAX CUT problem,” In
Proceedings
Computation Conference, pp. 416-423, 2001.

R. Y. Pinter, “Optimal layer assignment for inter-

of the Genetic and  Evolutionary

connect,” Journal of VLSI Computing Systems, vol. 1,
pp. 123-137. 1984.

F. Barahona, M. Grotschel, M. Junger, and G. Reinelt,
“An application of combinatorial optimization to stat-
istical physics and circuit layout design,” Operational
Research, vol. 36, pp. 493-513, 1984.

J. H. Holland, Genetic Algorithms in Search,
Optimization and Machine Learning, Addison- Wesley,
Reading, USA, 1989.

Y-H. Kim, Y.-K. Kwon, and B.-R. Moon,
“Problem-Independent schema synthesis for genetic algo-
rithms,”  Proc. of the Genetic and Evolutionary
Computation Conference, pp. 1112-1122, 2003.

Y.-H. Kim, “Linear transformation in pseudo-boolean
functions,” Proc. of the Genetic and Evolutionary
Computation Conference, pp. 1117-1118, 2008.

Y.-H. Kim and Y. Yoon, “Effect of changing the basis
in genetic algorithms using binary encoding,” KSII
Transactions on Internet and Information Systems, vol. 2,
no. 4, pp. 184-193, Aug. 2008.

S. M. Antonio, D. Abraham, J. P. Juan, and C. Raul,
“High-performance VNS for the max-cut problem using
commodity graphics hardware,” Proc. of the 18th Mini
Euro Conference on VNS, 2005.

M. Armbruster, M. Fiigenschuh, C. Helmberg, N.
Jetchev, and A. Martin, “Hybrid genetic algorithm within
branch-and-cut for the minimum graph bisection prob-
lem,”  Evolutionary — Computation in  Combinatorial
Optimization, Lecture Notes in Computer Science, vol.
3906, pp. 1-12, 2006.

S. Hyun, Y. Kim, and K. Seo, “A new genetic algo-
rithm using spanning-tree-based encoding for the MAX
CUT problem,” Proc. of KIIS Spring Conference 2010,
vol. 20, no. 2, pp. 231-234, 2010.

Boost Library, http:/boost.org.

Open Beagle, http://beagle.gel.ulaval.ca.

S. Poljak and Z. Tuza, “Maximum cuts and largest bi-
partite subgraphs,” American mathematical Society, 20,
1993.

T. N. Bui and B. R. Moon, “Genetic algorithm and
graph partitioning,” /EEE Transactions on Computers,
vol. 45, no. 7, pp. 841-855, 1996.

1N

g8 NI 4

[16] S. Ko, D. Kim, and B-Y. Kang, “A matrix-based genetic

algorithm for structure learning of bayesian networks,”
International Journal of Fuzzy Logic and Intelligent
Systems, vol. 11, no. 3, pp. 135-142, 2011.

s
2010 A7 heta xdAbg-sta FshAk
2012 A AAgst e
AP A doFEd AT4 A7
AEoks Azl A sz

rL

488

19993 AJ&thstw HARE HZ o
AL 2001 AetEn AHAFEE
2 3kl 20053 ALty AE
E]F 8 FSHbAL 20059~2007F A
gty WMEATZATA A7,
20079~ A FLsln AFE|ATE
T WA EokE FAs), sAt, 22458k

— =

H il

Mo

1993 AAohgta H7]g-sta) Fshat
AL 199919~2003  Michigan ~ State
University, Genetic Algorithms Research
and  Applications  Group, Research
Associate. 1993\ d~3A] AZAt|stw 2
Agstt Fala BAECRs GP, GA,

5 ZRE A ZHRBGY 2447 =3



