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Improved Quantum Crossover Based GA and Its Application to
Traveling Salesman Problem

Yang Yu Li Hui Dai Hongwei
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Abstract: In order to improve the efficiency of Genetic Algorithm ( GA) to Traveling Salesman Problem ( TSP) an im-
proved quantum crossover is proposed in this paper. Compared with the traditional quantum crossover in which a city is
selected according to the position the new crossover selects a city depending on the distance comparing. The new cross—
over can maintain the diversity of population and generate higher quality solutions. Simulation result shows that the im—
proved quantum crossover based GA has good ability in global exploration and local exploitation. The best solution and
the average solutions on TSP are all superior to those of traditional algorithm.
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Fig.1 Position based classical quantum

crossover operator
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Fig.2 Improved quantum crossover model
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C++ : Pentium Dual-Core CPU T
2.20 GHz 2.0 GB. 10 eils1 ! 426 000
berlin52 52 7542 1 000
S(70 70 675 1 000
3.1 TSP eil76 76 538 1000
TSP rd100 100 7910 1000
eill01 101 629 1 000
1in105 105 14 379 1 000
NP TSP prl07 107 44 303 1000
( . ) pri24 124 59030 1 000
Houfield bierl27 127 118 282 2000
> ~Hophe N prl36 136 96772 2000
prls2 152 73 682 2000
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Table 3 Comparison of simulation results of two algorithms

GA GA
/s /% /s /%

eil51 51 426 2.44 442 432 437 2.54 3.70 441 430 435 2.16
berlin52 52 7542 2.50 7888 7542 7746 2.70 3.85 7878 7618 7739 2.61
st70 70 675 4.14 697 676 688 1.87 7.07 699 681 687 1.81
eil76 76 538 4.81 573 557 566 5.15 8.38 563 552 559 3.87
rd100 100 7910 7.77 8445 8177 8327 5.27 15. 85 8400 8208 8286 4.75
eill01 101 629 8.00 677 667 672 6. 85 16. 14 670 659 665 5.72
1lin105 105 14 379 8. 64 15298 14 811 15 002 4.33 17.73 15214 14 690 14918 3.75
prl07 107 44 303 9.44 46 426 45 446 45902 3.61 18.56 46 034 45191 45 548 2.81
pri24 124 59 030 12.99 62845 60 528 62 046 5.11 26.90 60938 59 762 60211 2.00
bierl127 127 118282  29.41 125264 123284 124362 5.14 55.39 124724 121688 123546  4.45
prl36 136 96 772 28.00 103857 100555 102762  6.19 64.66 103054 99735 101620 5.01
prl52 152 73 682 33.76 77312 75 044 76 106 3.29 85.82 76380 74 645 75671 2.70
rat195 195 2323 54. 80 2657 2 609 2630 13.22  165.70 2581 2502 2553 9.92
kroA200 200 29 368 142.57 31693 30709 31359 6.78 429.88 31514 30948 31271 6.48
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