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Abstract
In order to efficiently obtain an approximate solution of the traveling

salesman problem (TSP), extended changing crossover operators (ECXO) which

can substitute ant colony optimization (ACO) for genetic algorithms (GAs) at any

time is proposed. In our study ECXO uses ACO in early generations to create

local optimum sub-paths, and it uses EAX (Edge Assembly Crossover) to create

a global optimum solution after generations. With ACO any individual or any ant

determines the next city he visits from lengths of edges or tours’ lengths deposited

on edges as pheromone, and he generates local optimum paths.

With EAX a

parent exchanges his edges with another parent’s ones reciprocally to create sub-

cyclic paths, before restructuring a cyclic path by combining the sub-cyclic paths

with making distances between them minimum. In this paper validity of ECXO is

verified by using detailed analysis of four hundred forty two city problem pcb442
in TSPLIB. From C experiments, we can see that the above ECXO(ACO — EAX),
where ACO delivers chromosomes they generated to EAX, can find the best

solution earlier than EAX alone.
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Table 1. Comparison of ECXOs with EAX, EX, EXX and ACO on best length, average length, the number of optimal trials,
relative error, and computer time to find the best length. Results are obtained from fifteen independent trials for pch442.

No. Method Best length Algggtllgle optli\l_n(:ﬁm Rg’;lgr\{,e coﬁghlggg;al corﬁr\)]l?tr;t%gnal
trials time (sec.) time (sec.)
1 EAX 50,778 50,780 13 0.00004 10,446 11,186
2 EX 53,490 54,122 0 0.06585 3,198 3,198
3 EXX 55,397 56,589 0 0.11444 1,049 1,049
4 ACO 52,243 54,060 0 0.06464 50,738 50,738
5 ECXO(EX — EAX) 50,778 50,778 15 0.00000 8375 8,794
6 ECXO(ACO — EAX) 50,778 50,778 15 0.00000 9,146 9932
7 ECXO(EX — EXX — EAX) 50,778 50,780 14 0.00004 8431 9449
8 ECXO(ACO — EXX — EAX) 50,778 50,778 15 0.00000 9,780 10,511
Relative error is defined as ((Average length)/(Optimal length) - 1)
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Table 2 Typical comparison of ECXOs with other operators EAX, EX, EXX and ACO on performance to find best lengths of
pch442. Results are obtained from a run of the seed_id of one. The symbol * indicates the best model.

NO. method Best length time (sec.) 1o. gt%?ligated G.CC. No. generations
1 EAX 50,778 10,487 609,960 23
2 EX 53,590 9,843 967,096 1,094
3 EXX 55,532 1,089 4,294,472 4,858
4 ACO 55,767 22,303 65,416 148
5* ECXO(EX->EAX) 50,778 8,923 543,660 15 35
6 ECXO(ACO->EAX) 50,778 9,460 530,842 1 21
7 ECXOEX->EXX->EAX) 50,778 8,948 2,144,584 10, 1846 1,875
8 ECXO(ACO->EXX->EAX) 50,778 9837 2,148,562 3, 1829 1,852

G.C.C. denotes the number of generations to change crossover operators
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Table 3 Selection of the best generation to change crossover operators from EX to EAX.

NO. method Best length time (sec.) 1o %%I&i;ated G.C.C. gen eljgﬁ ons
51 ECXOEX->EAX) 9,885 587,860 27
5-1-1 EX 85,807 49 4,420 5 5
5-1-2 EAX 50,778 9,836 583,440 22
52 ECXOEX->EAX) 9,392 592,280 32
5-2-1 EX 61,801 93 8,840 10 10
5-2-2 EAX 50,778 9,299 583,440 22
5-3* ECXOEX->EAX) 8923 543,660 35
5-3-1 EX 59,785 133 13,260 15 15
5-3-2 EAX 50,778 8,790 530,400 20

Results are obtained from a run of the seed_id of one. The best model is referred in Table 2.
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Figure 7. Some ECXOs converge to the optimum solution earlier than EAX on the problem pcb442.
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Fig. 8. How diversity and convergence change as generation
passes on EX operation.
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Table 4. Characteristics of diversity and convergence of chromosomes which
are delivered to EAX through ACO, EX or EXX (in a case of pch442).

no.
opeartions G.C.C. |optimal
trials

g avg,
diversity | convergence

14 035 | 045

ACO — EAX 13 013 | 063

12 012 | 069

ACO — EXX — EAX 14 041 092

13 034 | 093

1
2
3
1 12 068 | 091
2
3
5

15 021 | 062

EX = EAX 10 15 007 | 083

15 9 004 | 085

5 10 047 | 092

EX = EXX — EAX 10 9 018 | 094

15 8 014 | 095

Avg. Div. and Avg. Conv. indicate the average divergence and
average convergence of the populations at which crossover
operators are changed into the EAX. G.C.C. is defined in Table 2.
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