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Procedure QEA
begin
t=0
i. 1initialize Q(0)
ii. make X(0) by observing Q(0)
iii. evaluate X(0)

iv. store the best solutions
among X (0) into b
v. while (not termination-
condition) do
begin
t=t+1
vi. make X (t) by observing the
states ofQ(t-1)
vii. evaluate X(t)
viii. update Q(t) using Q-gate
ix. store the Dbest solution
among X (t) into b
end
end
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Procedure Reinitialization-QGA
begin
t =0
i. initialize Q(t)
ii. make P(t) by observing Q(t)
iii. evaluate P(t)
iv. store the best solutions among P(t)

into b
v. while (not termination-condition) do
begin
vi. t = t+1
vii. if algorithm 1is converged then

reinitialize the population
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Dimension m=100 m=250

m=500 m=1000

Algorithm QEA RQEA QEA RQEA QEA RQEA QEA RQEA

Function Mean | STD [Mean| STD [Mean| STD [Mean | STD | Mean [ STD | Mean [ STD | Mean [ STD | Mean | STD

KRI1 398.8 6.9 4153 1.8 908.8 20.8 967.2 9.6 1675.4 25.8 1780.7 15.4 33143 47.2 3492.7 383
KR2 418.0 22 421.2 0.64 996.7 16.9 1028.3 4.2 1839.8 26.3 1930.0 12.8 3637.8 82.5 3836.8 40.9
KP1 533.1 8.5 549.8  3.4x10"%| 1163.5 40.1 1261.1 12.6 2082.5 58.5 2275.7 34.1 3919.6 106.3 42503 61.0
KP2 403.4 6.4 416.8 1.9 908.2 20.8 970.2 11.3 1673.1 37.2 1778.6 19.3 3303.9 52.4 3503.7 37.2
Trap 71.2 43 83.6 1.9 158.3 9.8 191.9 4.0 278.2 16.5 330.5 4.6 539.9 31.8 570.2 9.6

Schwefel [13] | 3.8x10° 4.1x10° 4.9x10* 1.7x10° | 3.9x10* 2.7x10° 5.0x10*

1.8x10° | 3.8x10* 5.0x10° 5.0x10* 1.6x10°| 3.7x10* 4.1x10° 5.1x10* 2.6x10°

Rastrigin [13] | -1.9x10° 2.4x10> -1.1x10° 7.6 |-1.7x10° 2.6x10* -1.1x10°

381 | -1.9x10° 1.8x10* -1.1x10° 725 | -1.9x10° 3.7x10% -1.1x10° 9.8x10'

Ackley [13] 2179 9.7%107 <17 46x107 | -17.9  11x107  -17.6

4.6x102| -17.9 0.11 -17.6 0.05 |[-18.0x10> 9.6x10*> -17.6  7.1x10?

Griewank [13] 1.2 -11.9 5.3 359 | -35.6 6.9 -11.9

1.3 -35.8 8.4 -10.8 0.9 -34.3 8.0 -11.5 1.06

Penalized 1[13] | -1.5x10° 1.3x10* -53x10* 6.8x10° |-1.4x10° 3.7x10* -53x10*

9.1x10° | -1.4x10° 2.5x10* -4.9x10* 7.5x10° | -1.4x10° 2.8x10* -52x10* 4.4x10°

Penalized 2 [13] | -3.6<10* 7.2x10° -14x10* 1.8x10° |-3.4x10* 6.6x10° -1.5x10°

23x10° | -3.4x10* 4.5x10° -1.3x10* 1.6x10° | -3.8x10* 6.4x10° -1.3x10* 1.6x10°

Michalewicz [14]| 255 2.53 357 2.26 25.1 32 35.5 24 26.9 34 34.8 2.6 273 19 35.1 2.7
Goldberg [8] 423 3.1 57.6 2.1 434 4.4 57.4 22 434 33 55.0 2.9 40.1 34 55.8 2.6

Sphere Model[13]| -3.7%10° 6.5x10* -1.3x10° 1.7x10* |-4.0x10° 5.8x10* -1.2x10° 1.7x10*| -3.9x10° 9.5x10* -1.2x10° 1.2x10* | -4.2x10° 6.9x10* -1.3x10° 13x10°*

Schwefel 2.22[13]| 47 0.42 24 L7107 | 46 0.28 2.4 0.2 463 046 248 0.16 4.7 046 24 0.17

Schwefel 2.21[13]] -1.7<10* 3.8  -1.4x10> 89 |-1.7x10*> 32  -14x10°

86 | -1.7x10* 68  -14x10° 122 | -1.7x10* 412  -14x10° 9.9

Dejong [14]  |-2.15%107 5.5x10° -2.6x10° 6.8x10° |-2.2x107 7.2x10° -2.7x10°

4.9x10° | -2.17x107 4.3x10° -2.31x10° 6.6x10° | -2.1x10" 7.9x10° -2.8x10° 9.2x10°

Rosenbrock [8] | -8.5x10* 2.8x10* -1.5x10* 3.2x10° [-8.9x10* 1.9x10* -1.9x10°

5.0x10° | -1.0x10° 3.9x10* -1.8x10* 5.2x10°| -82x10* 1.9x10* -1.9x10* 3.7x10°

Kennedy [8] -1.6 1.6 -1.5x107 3.2x10° | -14 L1 -L1x107 8.6x10°| -1.1  6.7x10" -1.7x107 1.1x107| -147 1.86 -1.5x107 1.2x107

[4] K.-H. Han and J.-H. Kim, “Quantum-inspired evolutionary
algorithm with a new termination criterion, H, gate and two
phase scheme” IEEE Trans. Evol. Comput. vol. 8, pp. 156—
169, April. 2004.

[5] Hisashi Shimodaira, “Methods for Reinitializing the
Population to Improve the Performance of a Diversity-
Control-Oriented Genetic Algorithm,” [EICE Transactions
on Information and Systems Vol. E84-D No.12 pp.1745-
1755, 2001.

[6] Héctor C. Goicoechea, and Alejandro C. Olivieri,
Wavelength Selection for Multivariate Calibration Using a
Genetic Algorithm: A Novel Initialization Strategy,” pp 1146
-1153,2002.

[7] Carlos A. Coello Coello, Gregorio Toscano Pulido, “A
Micro-Genetic Algorithm for Multiobjective Optimization,”
Springer, First International Conference Evolutionary Multi-
Criterion Optimization, 2001, p. 126, 2001.

[8] Vlasis K. Koumousis, Christos P. Katsaras. "A Saw-Tooth
Genetic Algorithm Combining the Effects of Variable
Population Size and Reinitialization to Enhance
Performance," IEEE Trans. Evol. Comput. Vol. 10, No. 1 pp.
19-28, February 2006.

[9] Al Qasim, Rose Eldos, Taisir, “Population Sizing Scheme
for Genetic Algorithm,” IEEE International Conference on
Computer Systems and Applications, 2007.

[10] Aimin Zhou, Yaochu Jin, Qingfu Zhang, Bernhard Sendhoff
and Edward Tsang, “Prediction-Based Population Re-
initialization for Evolutionary Dynamic Multiobjective
Optimization,” Springer, bookchapter, Evolutionary Multi-
Criterion Optimization, pp. 832-846, 2007.

[11] Ratnaweera, A. Halgamuge, S.K. Watson, H.C, “Self-
organizing hierarchical particle swarm optimizer with time-
varying acceleration coefficients,” IEEE Transactions on
Evolutionary Computation, Vol. 8, No. 3, pp. 240- 255.
2004.

[12] Mohemmed, A.W. Sahoo, N.C, “Particle Swarm
Optimization Combined with Local Search and Re-
Initialization for Shortest Path Computation in Networks,”
IEEE Swarm Intelligence Symposium, pp. 266 — 272, 2007.

[13] Weicai Zhong, Jing Liu, Mingzhi Xue"A Multiagent Genetic
Algorithm for Global Numerical Optimization", /EEE Trans
on Cyber Vol. 34, No. 2, pp. 1128-1141.

[14] A.-R. Khorsand, M.-R. Akbarzadeh-T. “Quantum Gate
Optimization in a Meta-Level Genetic Quantum Algorithm,”
IEEE International Conference on Systems, Man and
Cybernetics, 2005.
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