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A presumption of parameter settings for Distributed Genetic

Algorithms with Design Of Experiments

Tomoyuki HIROYASU', Mitsunori MIKI', and Jiro KAMIURAT

T Graduate School of Engineering, Doshisha University 0O
' Knowledge Engineering Dept., Doshisha University 0O

Distributed Genetic Algorithm (DGA) is one of parallel models of Genetic Algorithms (GAs)
and has a high searching ability compared with the conventional GAs. In DGAs, there are
many parameters that users should set and these parameters affect the derived solutions
and the calculation cost. In this study, we presume the best parameters of DGA by using
design experiment method. For the preliminary experiment, we studied 13 types of param-
eters of DGAs by applying 4 numerical test functions. The parameters are classified into
two groups; the parameters that are used in sub populations and the parameters that are
concerned with the migration. From the numerical examples, the best values of nine pa-
rameters were derived. Therefore, users can determine the rest values of four parameters
by design experiment method. Through the further numerical experiments, it is found that
good parameter settings can be presumed with not so many experiments by using design of
experiments.
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O 1: Parameters of DGA

Parameters CGA/DGA
Population Size CGA/DGA
Number of Islands DGA
Selection Method CGA/DGA
Tournament Size CGA/DGA
Crossover Rate CGA/DGA
Crossover Method | CGA/DGA
Mutation Rate CGA/DGA
Mutation Method CGA/DGA
Migration Interval DGA
Migration Rate DGA
Migration Topology DGA
Migration Point DGA
Migrant DGA
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0 2: Basic Parameters

parameter value
Chromosome Length 100( = L)
Population Size 400
Number of Islands 8
Selection Method Ranking Roulette
Tournament Size 2
Crossover Rate 1.0

Crossover Method One-Point Crossover
Mutation Rate 0.01 (1/L)
Mutation Method Normal Mutation
Migration Interval 5
Migration Rate 0.5
Migration Topology Random Ring
Migration Point After Selection

Emigrant:Immigrant Random:Hole
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O 4: Population Size, Number of Islands, Selection Method (Ridge)

Evaluation Value

Population Size

2 4 8 16 32 64 128 256 512 1024 Selection
0.20
—&—RT
——1R
° —Ah—T
0154 =—RT
a * —O R
" o\
0.10 / '\
Q
" o3\
A\L
0.05
.
L B L L I s o e e s
N NSO NS0 a0 o
© £ £ SR SR COSREY
o Y o

Number of Islands

Population Size, Number of Islands, Selection Method (Griewank)

13



Population Size

Tournament
4 8 16 32 64 128 256 512 1024 Size

600000
550000 2

] —e—4
500000 | —a—3
450000 —&8—16
400000 |
350000
300000

[
250000 |

200000

Number of Evaluations

150000 o

v
*:zzzz:.m%ﬁmmm,;w.\;aw/u\h/

L M

‘
e cn rae CNTE rNTEE YOy CNTOOYE CNTEOYEE CNIPONFRE CNTOON
e e EXES o838 ERE T 23RS

Number of Islands

6: Population Size, Number of Islands, Tournament Size (Rastrigin)
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7: Population Size, Number of Islands, Tournament Size (Schwefel)
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O 8: Population Size, Number of Islands, Tournament Size (Ridge)
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O 10: Crossover Method, Crossover Rate
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12: Migration Interval, Migration Rate, Number of Islands (Rastrigin)
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13: Migration Interval, Migration Rate, Number of Islands (Schwefel)
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O 14: Migration Interval, Migration Rate, Number of Islands (Ridge)

Evaluation Value

15

Migration Rate

Migration
0.1 0.2 0.3 0.4 0.5 Interval
0.10
—a—01
0.09 ——02
0.08 —4&—03
—w—04
0.07 ——05
—<4—06
0.06 —p»—07
0.05 —@—08
—%*—09
0.04 —a—10
0.03
0.02
0.01
0.00

Number of Islands

: Migration Interval, Migration Rate, Number of Islands (Griewank)

16



O 17: Migration Topology,

19

16

18:

Migration Point

Migration
After Selection After Crossover After Mutation Topology
220000
200000 —m— Random Ring
—e— bi-Directional Ring
180000 —a— +1+2Topology
160000 —— +2+3Topology
¢ ] —— Ladder
L2 140000 o
]
]
T 120000 o
g
frr
5 100000
2 80000 -
5
3 60000 4
40000 |
20000 |
0 T T T T

RoH
RtoB
Bor
Bow
WioH
WioR
WioB
RioH
RIOR
RtoB
Row ]

Migration Topology, Emigrant, Immigrant, Migration Point (Rastrigin)

RoR ]
RtoB
Roow ]

I
s
&

BloR
Bow
RioH
BloH

I
3
=

WioR
WioB

Number of Islands

Migration Point

Bor

Bow
WioH
WioR
WioB

Migration
After Selection After Crossover After Mutation Topology
140000
—m— Random Ring
120000 4 —e— bi-Directional Ring
—4— +1+2Topology
—v— +2+3Topology
o 100000 —&— Ladder
§ L
®
3 80000 -
]
g
I
S 60000
I
£
S 40000 4
Z
20000 |
0 T T T

RoH ]
RooR ]
RooB |
Row ]
BloH |
BloR |
Blow ]
WioH

Wior ]
wios ]
RoH ]

RoR ]

T
2
&

wio ]
RoH ]
RooR ]
RoB
Row ]
BloH |

T
5583

3
T a3 a5 =

Wior ]

Number of Islands

Migration Point

BoR |

Blow ]
WioH

wior ]
wioe ]

Emigrant, Immigrant, Migration Point (Schwefel)

Migration
After Selection After Crossover After Mutation Topology
800000
—m— Random Ring
700000 —=®— bi-Directional Ring
—a— +1+2Topology
—v— +2+3Topology
600000 |
2 —&— Ladder
S - =
T 500000
]
g
2 400000 4
5
I
2 00000
5
Z
200000 |
100000 -
T T T

RoH ]
RooR ]
RooB |
Row ]
BloH |
BloR |
Blow ]
WioH

Wior ]
wios ]
RoH ]

Migration Topology,

RoR ]

Emigrant, Immigrant,

RtoB |

3
=
Number of Islands

wio ]
RoH ]
RooR ]
RoB
Row ]
BloH |
BoR |

5353

Wior ]

Migration Point

Blow ]
WioH

Wior ]
wioe ]

Migration Point (Ridge)

Migration
After Selection After Crossover After Mutation Topology
0.05 —8— Random Ring
—®— bi-Directional Ring
N —4— +1+2Topology
0.04 —v— +2+3Topology
—— Ladder
E]
;“ 0.03 4
<
g
S 0024
®
g
&
0.01 4
0.00 4
P 8T IXEFECE EY¥SEICEEGEE EXSEIXEEL @
geEgeagsss EcdEfcsgsss EcEgasgsss

Migration

Number of Islands

Topology, Emigrant, Immigrant,

17

Migration Point (Griewank)



0 3: Lyy(3)0D0D0DODOSE
J01]02[03]04]05][06[07[08[09]10]11]12]13]

10
11
12
13
14
15
16
17
18
19
20
21

22

23
24
25

26
27

0 8 OO00O000 SchwefelO

© ©
© ™
Il < ™
g I I
2| T oo
3 &2 <33
=] o SO
d
&0 B N T T A
n % % [* % [* |* |*
o — o I
NG R [R (R[22
S| Ho [« 2R |~
D~ =]|=m|o =] ]|
AN | = = = = e
Rl Rl R B R B R B K B R B R B R
+ |+ (||| T
[calj{cafjicalticalyicalticapicalicalieal
00 (00 |2 [= |© [ | |00 |<F
Qe TN
I N R A B IR A N
oo
= |
[P B [N I TN [N ST AU A VR Y
A |~ | = [ [ [ e (e
Rl Rl R B R B R B R B R B R B R B
+ |||
HEEEEREEEE
0 |0 || |= | |<F b= |en |©
DL LRI |Q= N
N = |3 13 [ | |1 06 | | |3
e\./m'm/C)
YCEERRPR
| U2 |- .
O | &|en|ed| od| x |x |x g
VO.lﬁ.l u
<= == << <o

18



1000000
900000 -
800000 -
700000 -

I Pops and Mig Interval
I Pops and Mig Rate
B Pops and Migrant

600000 -

» 500000 ]
2400000
300000 1
200000 A
100000 4
0 Ty T 1o 1o 1y T 19 Ty 1o 1o 1o T 19 Ty 1 1y 1
Migrant Lfala T2l 1o o Ta oo 1o 12 12 1o T 1o Ta T T2 1512 12 13 12 15 1o 1p.
MigRate T 2 s i 23 1 2 T 2 s T 2 s 2 a2
Mlglnterval1.2.31.2.31.2.3
PopSize
1 2 3

020: 0000000000000000 (Schwefel)

1000000

2
5

£
3

=

>
' 100000 4

[s}

5}
Qo

£

5
z

10000 -

) 1 15 1y Tp 1y 1y 1o 1 Ty 1 1o 1o 1o 1o Ty 15 1y 1o 1o T 1y 1o 1 1y 1y 1o 1

21212 121213 19 15 15 15 15 15 15 15 15 15 19 15 15 1515 15 15 15 15 15 1
m!g:m 333333 333333333333 33333%333%3
gRate A S T s 23 1 23 281 281 23123
Mnglnterval1.2.31.2.31.2.3
PopSize
1 2 3

021:000000000000000 (Schwefel)

1000000
900000
800000
700000 -
600000 -
500000
400000
300000
200000
100000

0 -

' 151010 10 1o 1 1y 1y 1o 1 o T 1y 1y 1o Ty 1o 1o 1y 1o 1o 1y 1
2212121212 12 2 12 15 Ta T 13 15 12 Ta T 13 12 13 1 T Ta 15 12 15 1o,
Migrant 333333333

B Pops and Mig Interval
B Pops and Mig Rate
B Pops and Migrant

value

MigRate '123123123123123123123123123
MigInterval T T 3 T T 3 T 2 T 3
PopSize

1 2 3

022 0000000000000000 (Bohachevsky)

500000
2
5
§
5
©
>
w
k]
5
£ 1000001
5
z
50000
. g g 1o T Tp 1o 19 19 19 Tp 1o Ty 1o 19 1 Ty T Ty T 1 1y Ty 1y 1y 1y 1 1
21212121212 121212 1212 12 1213 15 T2 1213 1 1512 15 1212 13 15 15
m!g:m 333333 33373337333 3333337333333
oRate T s 23 21231 23123123123
Mnglnterval1.2.31.2.31.2.3
PopSize
1 2 3

023:000000000000000O (Bohachevsky)

19



