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Distributed genetic algorithm (DGA), also known as island model or coarse-grained model, is a kind of parallel genetic algorithm,
in which a population is partitioned into several sub-populations and each of them evolves with its own genetic operators to
maintain diversity of individuals. It is known that DGA is superior to conventional genetic algorithm with a single population
in terms of solution quality and computation time. Several researches have been conducted to evaluate effects of parameters
on GAs, but there is no research work yet that deals with structure of DGA. In this study, we tried to evaluate performance
of various genetic algorithms (GAs) for the famous symmetric traveling salesman problems. The considered GAs include a conven-
tional serial GA (SGA) with IGX (Improved Greedy Crossover) and several DGAs with various combinations of crossover operators
such as OX (Order Crossover), DPX (Distance Preserving Crossover), GX (Greedy Crossover), and IGX. Two distinct immigration
policies, conventional noncompetitive policy and newly proposed competitive policy are also considered. To compare performance
of GAs clearly, a series of analysis of variance (ANOVA) is conducted for several scenarios. The experimental results and ANOVAs
show that DGAs outperform SGA in terms of computation time, while the solution quality is statistically the same. The most
effective crossover operators are revealed as IGX and DPX, especially IGX is outstanding to improve solution quality regardless
of type of GAs. In the perspective of immigration policy, the proposed competitive policy is slightly superior to the conventional
policy when the problem size is large.
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<Table 1> Distance Matrix for Example

city 1 2 3 4 5 6 7 8

1 0 12 14 14 20 15 10 11
12 0 17 15 18 13 21
14 17 0 13 9 11 17 1
14 15 13 0 8 9 13 1
9 8 0 7 12 1
15 13 11 9 7 0 22 2
10 21 17 13 12 22 0
11 6 18 13 17 20 7
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<(Table 2> Various GAs for Experiments

Name | Type of GA | Crossover Immigration Policy
S/ Serial 1GX N/A

D/GO/N Distributed GX+0X noncompetitive
D/IO/N Distributed IGX+0X noncompetitive
D/ID/N Distributed IGX+DPX noncompetitive
D/GO/C Distributed GX+0X competitive
D/10/C Distributed IGX+0X competitive
D/ID/C Distributed IGX+DPX competitive
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<Table 3> Experimental Results for 5 Selected Problems
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<Figure 3> Boxplots of Solution Quality(1st Row) and CT Quality(2nd Row) for 5 Selected Problems
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<Table 4> SGA vs. DGAs with IGX

<Table 5> GX vs. OX vs. IGX vs. DPX Under the Same
Immigration Policy

Prob. TL CT
eli51 0.1546 0.00014
kroA100 0.8341 < 0.0001
kroA200 0.4837 < 0.0001
pcb442 0.2079 < 0.0001
peb1173 0.3271 < 0.0001
*Gray cell : statistically significant(p-value < 0.05) and DGAs are better

than SGA.

o 2= DGACA sdT o]F4 3 stelA A
Toll A ARGSkE aApdAbe] Farel wE o]zt
A B S A s B A9 GX9F 0Xol
oJgk 2fol= FoFE 0.05004 FAAo® FofatA] &
gkor, DPX S} IGX+= Folshitt. EakiAel me p-

o] 57 #(Policy) ¥} 7

valuex= <Table 5>l 2|}
glo] 29 A--nt Al eetas DPX oL IGX ] AREo] 8
o] FHolut AT B SAAYS AU 3
Atk &, ARMAIZER T sl o] Eel 3k 7ol v
At

Ao 2 DGACA FU e wAALAL el A o]
T Al wE Apol7k gl A HA st
= <Table 6>l Aeatalen, o5 I
© A SAEHA Fd 7N FEE AL £A40 2
717V 2 7% B4R AA o] H]ﬂxﬂ ﬁ‘ﬂi‘jrb a2l
A s AR v

mE A

Policy | Mea. Prob. DPX IGX
eli51 0.0563 0.0018
kroA100 0.0052 < 0.0001
TL kroA200 < 0.0001 < 0.0001
pcb44?2 < 0.0001 < 0.0001
NC pebl1173 < 0.0001 < 0.0001
eli51 0.2534 0.6475
kroA100 0.0091 0.2911
CT kroA200 0.0308 < 0.0001
pcb44?2 0.0669 0.0004
pebl1173 0.0079 < 0.0001
eli51 0.0571 0.1444
kroA100 0.0011 < 0.0001
TL kroA200 < 0.0001 < 0.0001
pcbd4?2 < 0.0001 < 0.0001
c pebl1173 < 0.0001 < 0.0001
eli51 0.6657 0.0023
kroA100 0.8198 0.0846
CT kroA200 < 0.0001 0.0044
pcb442 < 0.0001 0.9423
pebl1173 < 0.0001 < 0.0001
*Gray cell : statistically significant(p-value < 0.05) and use of DPX
(IGX) is better than no-use.
{Table 6> Noncompetitive vs. Competitive
Crossover Prob. TL CT
eli51 0.8783 0.0547
kroA100 0.7 0.168
GX+0X kroA200 0.0299 0.1208
pcb44?2 0.0047 0.5486
pebl173 0.0298 0.001
eli51 0.0791 0.3763
kroA100 0.1696 0.0257
IGX+0X kroA200 0.3155 0.0559
pcb442 0.1568 0.0151
peb1173 0.0581
eli51 0.328 0.0366
kroA100 0.7703 0.6635
IGX+DPX kroA200 0.1446 0.4962
pcb442 0.4283 0.0201
pebl1173 0.973 0.0462
*Gray cell : statistically significant(p-value < 0.05) and competitive

is better than noncompetitive
statistically significant(p-value < 0.05) and noncompetitive
is better than competitive

*Black cell :
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