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Iterative Extended Changing Crossover Operators to Solve the TSP

Ryouei TAKAHASHI, Tsubasa KIMURA" and Go MOTODA"

ABSTRACT

In this paper, a new hybrid method iterative Extended Changing Crossover Operators (i-ECXO)
combining Edge Assembly Crossover (EAX) and Ant Colony Optimization (ACO) is proposed and its
validity is experimentally verified by using medium sized TSP data. In EAX, parent A’s edge EA is
exchanged for parent B’s edge EB finally to generate new off spring, where EA and EB alternate in
forming so-called A-B cycles. ACO simulates swarm intelligence in ants’ feeding behavior. i-ECXO
realizes efficient successive search for the optimum solution while maintaining diversity of the population
by following ideas. (a) The next best chromosomes EAX finds are merged with newly generated ones by
ACO to maintain the diversity of the population. In ACO, ants tend to create various kinds of cyclic paths
with different sequence of visiting cities in early stage of generations. With this merged chromosomes i-
ECXO makes EAX execute crossover operations again to find the shorter path without making its speed
down. (b) (a) is repeatedly executed until EAX finds the best solution. Diversity in the population is strictly
measured by the metric entropy defined in TDGA.
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Fig. 1. Diversity (div.) is a simplified measure of entropy H of edges of individuals in
the population in TDGA (in a case of u574).
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Table 1. Comparison of iterative ECXOs with EAX and ACO on best length, average length, the number of optimal trials, relative error,

average computational time. Results are obtained from sixteen independent trials in cases of att532, u574, rat575, rat783, and pcb1173.

t. t. no- best Jati comp-
0] . | o average | relative
TSP P operators p'op p opt. T8 time
length size trials length length error
sol. (sec.)

EAX 100 0/16 27712 27722 0.0013 7905
att532 27686 1

HECXO 100 13/16 27686 | 27688 0.00007 25622

EAX 100 14/16 36905 | 36907 0.00005 22931
us74 36905 3

HECXO 100 1516 36905 | 36906 0.00003 22811

EAX 300 15/16 6773 6773.1 0.00001 41511
rat575 6773 2

HECXO 300 10116 6773 6774 0.00015 41,264

EAX 300 6/16 8806 88074 0.00016 128215
rat783 8806 7

HECXO 300 11/16 8806 8807 0.00011 105,685

EAX 300 0/16 56901 56908 0.00028 284,193
peb1173 56892 8

FECXO 300 11/16 56892 56894 0.00004 392,909

<Remarks> Relative error is defined as ((average length)/(optimal length) — 1). “opt. length” is optimal length in TSPLIB. “pop. size” is population size. “no. opt. sol.” is the

number of solutions of optimal lengths with different structures.
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Table2. A typical process of iterative ECXO(ACO—EAX) to converge to the optimum solution (in a case of u574).

best start point end point
snee s sed operators st length fime(sec) div. entropy conv. div. entropy conv.
H H
0 1201 iniial 0 646453 1 - - - 0.049 4166.6 0.0571
random

1201 ACO 1 88128 70 0.049 4166.6 0.0571 0332 2663.7 04188

! 13 EAX 47 37023 11,201 0332 2663.7 04188 0.000 579.1 0.9968

1301 ACO 48 94894 11271 0.045 41659 0.0568 0.302 26999 0.3889

first ? 13 EAX 76 36998 15,685 0.706 26712 0.9968 0.000 5740 09975
1401 ACO 77 97921 15,757 0.047 4166.7 0.0569 0.283 2697.1 0.3769

} 13 EAX 104 36969 19342 0.722 2687.7 09975 0.000 576.0 0.9983
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