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A Distributed Genetic Algorithm That Has Cellular Structures
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TOMOHARU NAKASHIMA,! TAKANOBU ARIYAMAT
and HISAO ISHIBUCHIt

Various types of genetic algorithms have been proposed in the literature. One of the ac-
tive topics is on the distribution of genetic algorithms. The distributed genetic algorithms
generally fall into two categories: Coarse-grained genetic algorithms and fine-grained genetic
algorithms. In this paper, we propose a method, which is a hybrid of the two distributed
genetic algorithms. In the proposed method, there are a number of subpopulations that
evolve independently from each other. Each subpopulation has a cellular structure as in cel-
lular genetic algorithms. Only those individuals on boundary cells in a subpopulation can
communicate with individuals in other subpopulations. In computer simulations on func-
tion optimization problems and traveling salesman problems, we compare the performance
of the proposed method with that of other genetic algorithms. From simulation results, the
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effectiveness of the proposed method is shown.
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Fig.1 An island genetic algorithm.
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Fig.2 A cellular genetic algorithm.
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Fig.3 The proposed method (2 x 2).
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Table 1 Fuction optimization problems.
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F1 3 10 fi(z; = 0.0) = 0.0

F2 2 12 fa(zi = 1.0) = 0.0

F3 5 10 fa(z; = [=5.12, —5.00)) = —30
F4 30 8 fa(xz; =0.0) = 0.0

F5 2 17 f5(xzi = —32.0) = 0.998

F6 20 10 fe(z; = 0.0) = 0.0

F7 10 10 f7(x; = 420.9687) = 0.0

F8 10 10 fs(x; = 0.0) = 0.0
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Fig.5 Simulation results on F4.

Average : Method 1[] Method 2//ZZ] Method 3l Method 4
40.000

35.0001%
\

8 30.000 A

S 250003 7

§ 2000088

g 15.000

#10.000
5.000
0.000

—&— Min
—e—  Max

3 A
-12345123459123459
Neighborhood size
06 00 F6eOOOOOOOODOO
Fig.6 Simulation results on F6.

Average : Method 1fE] Method 2] Method 3] Method 4
700.00

—&—  Min
600.00
—e—  Max
2 500.00
E 400.00
g 9
5 300.00¢3
2 200.00

-12345123
Neighborhood size

07 OO0 FrO00O000O0O00DO
Fig.7 Simulation results on F7.

Average : Method 1[EE] Method 2ZZ] Method 3] Method 4

6.0000
5.00001% Min

: =

= 4.0000

: /

§ 3.0000

g

£ 2.0000

59

........

1.0000

0.0000

-12345123459123459
Neighborhood size

08 DO F8OOOOOODOOODO
Fig.8 Simulation results on F8.

goooooooooooooooobobooobooo 51

Cut point

Parent1 [1]3]6[4]2]7]5]

Parent 2

Offspring 1 (113 [6[4T7IT:

. ——T—1
Offspring 2 [3]4]1]6f2]7]5]
09 0ODOoooOO
Fig.9 One-point order crossover.

%k %k
[1]3]6]4]7]2]5]

010 0000
Fig. 10 Inversion operation.

0000000000000 000000 Reinelt O
TSP library ' 00 Eil51 0 KroA1000 20000
00000000000 0000000ERil510 510
O0D0D0OKroAl00O 100000000000000
00000000000

0000000041 0000000000000
00000041 0000000000000000
0000000000 000000000o0on 400
00000000000000000000000 30
0000000000000000000000 30
0000000 10002000 400000000
0000000000000 00O0oooooooog
0000000000 00000000000000
00000000000 4100000000000
000000000000 00000000 90O
000000000000 100000000000
000000000000 000000000
_ Opt

Distance(x)’

i=1,...,400 (10)

0000 fitness; 0 i 000000000 O0x000
000000000000 DOpt00D0O0DOODO
000000000000 Distance(x) 00000 x
0000000000 00000000000000

fitness;(x)



52 goooooooooooooooooo

Average : Method 1 Method 2 [EEEH] Method 4
540.00

——  Min
—e—  Max

500.00

460.00

Function value

420.00
-1 2 3 4 5 12 3 45 9

Neighborhood size

011 Eils1 0000000000
Fig.11 Simulation results on Eil51.

Average : Method 1 Method 2 [FEE] Method 4
36000

—&—  Min
\ —e—  Max
32000 \
o84

28000
&

Function value

24000

20000 :
-1 2 3 4 5 1

2 3 4 5 9
Neighborhood size

012 KroAlOOOOOOOODOOOO
Fig.12 Simulation results on KroA100.

gobooooooooobooooooobooo
goboooooooooboooboooooooao
gobooooooooooooboobOooobooo
gobooooocooboooooooooooboon
gobooobOooooooboobObOOoOooOobOOooObo
ooooooo

ooboooooooo41000000 30000
gobooooobooooooboobobowoobboOobooo
0o1000000 000000000 1000 20
g0o400000 100000000000O0D0OO
goooooobooboboboOMinOMaxOOOO
coooobooooooobOobbo 1000200040
lo00o00000000o000000 1100 120
ooa

011001200051 0000 EB1OOOOO
O00o0ooO0ooooooloo00oOonO KroAlooOO
gdo400000000000O0COOOOOOOO
oooooboooooboooobooooooosid
OO0 Eilb1O 1000000 KroAlo0ODO OOOO
goboooooooooooooooboooogoon

Nov. 2002

oooooooooooog
000000 OSimple genetic algorithm O 00O
0000000000 oooooooooooooo
goooo0ooOoOooooooOooOoOooooooo
0000oo0o0oOoooooOoOooooUOoooo
(1) DO0DDDO0OOO0ODODODOOO0OOO0ODOOO
O00ooooooo
(2) ODOOOOOOODOOOOOOUOOOOOOO
oooooooo0oooooOooooooodg
ooooooooooo
(3) ODOOOOUOOOOUOOoOOOOOOoUOoOOO
ooo0oooooooo
O00o0ooOooU0oooOoooOoOooOooooo
ooooo
4.3 000000000000 OODOOO
0000o00o0ooo0oooooOooooooooo
0000000 0O0O0O000U0OoooOo4.1004.20
ooooo0oooooOooooooooooooon
o0oo00oooo0ooooooooooooooo
oo0oooO0OoOo0ooO0oo0ooU0ooooooooo
goooo0ooOooooooOoUoooooooooo
oooo0oooooOoooooooooooooo
0o0ooo0oooO0ooO0ooOoOooooOooooo
ooooooo
O0o0oooooooOoO0ooooooooog
000000000 00D0ooo0oooOoooooOoo
0000o00o0o0o0oooooooooooooooo
00000 s010020050010003000 000000
gooo0oOoooooOooOoOoOoooooooOoo
O00o00oo0o0oooooooooooooooo
O000o0o0oOooooooooos%uooooon
O0oooooooOooooooooooooooo
0000O0o0oo0ooOO00ooo0Ooooooooooo
ooooooooooooooo
O0o0o0ooooOoooOooooOooooooo
o0o0o0oo0o0oO0oooOOoU00oOOoUDOODOOoOoOOO
g0o0o0o0o0o0ooo0ooOoUooooooooo
0o00ooooo0oooooooooooooooo
0Oo00Osoi1o00200500100030000000000
o0ooooooooooooooooooooooog
goooooOooOooooOoooooooooooo
OoooOooooooU0oooooooooooog
0ooooO0oOo0oooooooooooooooO
O0o00oo0oOoooOooooooooooooooo
50%0000000000000000000¢“00
0”0000000000oO0oOoooOoUoooooo



Vol. 43 No. SIG 10(TOM 7)

Average : Island 1 B Island2 [[EH] Method 4

20.000
16.000 Min
2 : —— Max
S 12.000
[=]
.S
5 8.000
=]
=
[+

>
=]
S
S

5 10 20 50100300 5 10 20 501003001 2 3 4 5 9

Migration interval Migration interval Neighborhood size

013 0000000000 OOO0OOOO0O0O00 F40

Fig. 13 Comparison with island genetic algorithms on F4.
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Fig. 15 Comparison with island genetic algorithms on F7.
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Fig. 17 Simulation results on F4 (Topology changed).
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Fig. 18 Simulation results on F6 (Topology changed).

ooboooooooooo

oo0oooooooo 400000000000
1x40000000000000000O0O0CO 4
goooooocooobobooooooooooboooo
gbobooobooooooooooboooooboobobooo

oooooboboobooooooboooo

oooooocoooboooo400000000
gooooo00o F4OF6OF7OFSOOOOOOODO
gooooooobDbwoboooooobooooo

obO1700 200000

01700 2000000000000000O00OO
gooooo0oooOoOoOoOo3ggoooogood
O0o00o0oooUooooooooooooooooo
00000 1x400000000 Simple genetic
algorithm 000000000 DODOOO0OOOOOO
o00oooOoo0oDoooOooooooooood

ooooooboooooo

ooooooooooooocooooboooooo
gooooooboooboooobooooooooo
gooobo1rgooooooooooboboooon

Average : FEFEE Method 4 (1 ¥X4) BRERR
400.00

©300.00
=
<
>
§200.00
2
=
100.00
0.00 i3
1 2 3 4 5 1 2 3 4 59

Neighborhood size

019 ODO0O00O0O0OOF7O00O0O0O0O0O0OOO
Fig. 19 Simulation results on F7 (Topology changed).
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Fig.21 Performance of Method 2, Method 4, and Method

5 on F4 and F6.
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Fig.22 Performance of Method 2, Method 4, and Method
5 on F7 and F8.
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