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A Discussion on Real Number Vector Representation, Generation Alternation Models
and Effect by Division of Population of Genetic Algorithm

oo of
Takahiro FUKUNAGA

Abstract:

Recently, many Genetic Algorithm (GA) schemes have been developed to find the good results.
Among them, Real-coded Genetic Algorithm, Generation Alternation Model, and Island Model are
focused. In this paper, we discuss the performance of real-coded GA with MGG and island model.
The examined model is applied to some test functions to verify the effectiveness of each scheme.
The numerical result shows that real-coded GA with multiple sub populations provides the higher

search ability than that with a single population.

1 0O0od

GAOUOOOOOOOOOODOOOOODODOOOO
goooboboooboboboooobooooloooon
goobbooobooooogobooboob20000
gobobo3gobgobooob 3gooooooooo
oooooO0O0OooooooooooGADOODOO
uboooooOooobooobooooboooooobooo
300000ooopooooooO0o0 GAOOoDoooo
gbooboboooobbooboooobooobbbo
gboooboboboobboooooooboobooaon
Ooooooooooooi1goocoMGeGOoOoOoO
goo0oo0ooooo0oO0Oobo0ooooOoDbD GAOOO
googobogooboooo

2 Duoooboooboo

000 GAOOFig. 1000000000000 00
00000000000 DDO0O0000O0DOoOooog
0000000000 GAOODOOOO GADOO
00000000000000D000D0000000O0
0000000000000 GAOOOODOODOOO
goooooooob o

3 buggoddg

gobobOoooboooboobooooboooon
goobobgooooobooooboooobbbooon
gobooooobboobooboboboobooboobon
Minimal Generation Gap (MGG)?) 000 0MGG O
ggooooooboobooooooboobon 2
gdgoooobooboboobobbobuooooboo
gboboobooboboooOooobooboooobon
ooo0o100oooooooooooooMGGO OO

Objective Function

° CI;ene Type (IJf Bit-string .
1100100010 1

X1

X1 X2

|
| |
| |
| |
i i
18 1+ 5

1
1
[
]
1
® Gene Type of Real-coded

Fig. 1 Real value coding

uobooobooooooboooooboooooooo
gogbooobobbobboobobobboogobaon
00000000 OFig. 20 MGGOOOOOOOO

Selection for Reproduction o) & Selection for Survival

) &

Population

Fig. 2 Minimal Generation Gap

4 0OJO000ooboooooooMGGeGOOO

pgoooooooo MGGOOODDOOoOoOODODOO
gboobooooobboobboooooooooon
ooooooboobobDoO uNDXOOooooooo
OO0O0 MGGOOOOODOODOODO UNDX+MGGO
goooooooboboboooobooooobobooon
000000000000 D0oOoDoOoOoooobYo



00000 GAO UNDX+MGGOOOOOOODO
GAOUOOODOOODOOOOOFig. 300000000
goooooogoooboooon

Subpopulatio

Migration

/} Subpopulation

Subpopulation

Fig. 3 Distributed Real-coded GA with MGG

4.1 00O0OQ0OOOO0OO0ODOOOOMGGOOOO

00DooDOooD 200000000000000
go0o00ooooDOooooOooooDoOoooooooO
Rastrigin 000 Griewank 00000 00000C0OO
goo3p000000000000000000DODOOO
0000000000000000000 Y000 200
00000000 Table 1O0000O0ODODOOOOOOO
Fig. A0 0000000000000 0O0OOOOOOO
0200000000000000000D000000O
00oooooooooooooooooooooog
Jo0dooodooooooooooooo

1x10° 1x10°
1x10° 1x10°
1x10° 1x10°
1x10° 1x10°
1x10” 1x10”
1x10° ber of sl 1x10° ber of Islands
1x10° , iy o\ [ )

1x10* 1x10* 2
1x10° 1x10° —5
x10° x10° —1"

1x107 1x107
1x10° 2x10° 3x10° 4x10° 5x10° 6x10°

Number of Evaluations

Evaluation Value
z
£

Evaluation Value

Number of Evaluations

(a) Rastrigin(20dim) (b) Griewank(20dim)

Fig. 4 History of the evaluation value

Fig. a0000000OO0ODOOOOOOODOOODO
gbboooooooooooboboooboonoa
oooooooMGGUOO GAODOOOOOOoOoOO
gooooooooboooooobbooobooooo
oooooboobbooboolgooooooooono
0000 [D0000)|0000000000 GAOO
oooooMGGUOODOODOOOOOOOO [DOO
O0*00)jooo00oo0oo0o0oooooooo
gboboooooooooobooboooooboobooo
oo MGgGOOOOOOOOODO

1x10° 2x10° 3x10° 4x10° 5x10° 6x10°

4.2 0D0O0OOO0O0OMGGUOODOOOOO

0000000000000000 MGGOOOO
0000000000000000000000000
0000000000000 000000000000
000000000000 2000000000000
0()ooooo.

#Children = 200/#1slands (1)

oboobooooobooobooboooooo
gobooboooooooooobooooooooo
oooboooooooooo 20000000040 o
OO000000O0O00DO0O0000000DODOO Table
1000000 Fig. 5000000000 0O0O0O0O0OO
oooog

Table 1 Paremeters : 1

ooooo O
oooo 300
oo 1, 2,5, 10
goooad oooo /00
goooad 200 /00O
oo 20
oooo UNDX
UNDX parameter | « = 0.5 8 = 0.35
goooad 0.0
ooo 0.5
gooo )

110" 110"

130" 10"
10’ 10’
1x10° g e
a0’ :
1ao* Number of Islands
1x10° —

Evaluation Value
Evaluation Val
5
z
3
a2

1x10°
10* —10 10* —10

1a0° 1a0°

%107 T T T ? T %107+ T T T
0 w00 2x10° 3107 410" 5x10°  6x10° 0 Wl 2x10° 30" 4a0”  5x10°  6x10°

Number of Evaluations Number of Evaluations

(a) Rastrigin(20dim) (b) Griewank(20dim)

Fig. 5 History of the evaluation value

Fig. 500 00000000ODO0O0OOCOOOOOOO
gbooboooboboooooobobooooooooo
oooobooooooboboobooobbooobooboo
gboobOoobooooobooboobooooooaoono
ooooMGgGOUOOOO

4.3 0000

cOoodo42000000 MGGoOOOOOsS0OO
goooobObOooOooobobooboboobooon
doooooooboooboooboboooooboo



goboooboooobobobobobooobobooog
ooooOoOoO0OoO0OoOooOooOooooDoOODn GA
oobooooooobobooobboboooooboooo
jopood bbb OoooobooobOon 20000
O00000D00000 Table 2000000000
00 GAOOODOOOOO GAOOOOOoOoOooOoo
gbooi1oooobboboboboobbo sogoooooboo

Table 2 Paremeters : 2

gpoooo 000 GA ooog GA
gooo oo DboOoooso0obooog
oo 1,2, 5,10
goooo oooo /oo
oo 20
1000000000 30
gooo UNDX‘ 2000
gooo 100 /OO
UNDX parameter a=0.5 =0.35
ooooo 0.0‘ 0.0017
googd 0.5
gooo 5

Table 30 00 0000000D0OODODOOOO0OO
gooooooobobobbbooobooooogao
O40PT'000D00O000D0O0O0OOOOODOOO
000000000 AVGOOOOOOUNDXOOOO
GAD2Xd 20 0 00 2points-crossover 1O 0 00 O GA
goooooboooooboboboodoooooao
GAOODOOODODODOOOODODODODOOOO 1.0E-10
O000ooooooooog

4.4 00O0ODOOOOOOOOO

Table 30 0 O Rosenbrocck 00 O0O0OOO0OODOO
0oooooooooooooooooooooooon
O000000D00O0ORosenbrock 0O O O20000
000 GAOOUOODOOOODOOOoDOooooooDooOog
ooooooooooOooooooooooooooon
000000 UNDXOOOOODoOoDooooooad
jdoo0oooOoooU0o0OoooOooooOoooooo
Ridge 0000 DOO0ODODODOOODOOODOOOOO
OO0 RidgeOOOOOODODDOOODOODOODOOODOO
00ooooooDo0 GAODODDODOOOOO BLX-«
OUNDXOODODODDDODOOoDoDoDooooooooo
000000000000000 % 0000 RidgeOd
0doDoooDoopooooooooooooooooo
doooooooooDoOoooDooooooooooo
gooooog

4.5 0000O0O0OOOOO0OODOO

Table 300 000000COCOOOOODOOOO
gogobgobobobobbobooobobobodg

Inumber of runs in which the algorithm succeeded in finding
the global optimum

ooo

000 GAOOOOOOOOOoOoOooooooooo
00000 0o000o0oooboDooD GAODOOooOo
gogbboobbooouoooboobbobobobon
oo0oo0o0ooOooOooOoOoUoOoOoooOoooooo
0000000000000 oDo0ooUooooooo
0000000 0 ORastrigtin 0 O 0 Rotated Rastrigin
gogobgbobbooobobbuoobboobobobo
Oo00000OoooOO00OoooooOoooooD GA
O0000O0O0O00ooO0O0oOoooUoUoUoOoUooo
gbopbooboooooooboboboood

5 0O 0

gbooboocoooobobooobooooooboobon
ooo0oOoooo0O 10000 MGGOOooooOooOoo
oo0ooopooooooooMGGOOOOOOOO
gooboobboooooboooooboooboboooooo
gbobOooobooooosbooboooobobo
gooobooooooboooooboboooon
ooooo

e MGGOOOOOOOODOO
MGGUUOO GADODODOOODOODDOOOOOD
gbooobooboobbobooobpooooboon
gooboobooboooobooobooooooo
O0ooU0oOoooO0O0oOooooooOooOoOg GA
gbooolgobooboboooooboboon
ggoooboogooo

e MGGUOOODOOOUDODOOOOOOO
goobooobooboboobbooooooo
000000000 GADODOOoODoOOoOOooOO
MGGOOOOOOOOOOOOoOoooooooo
gbooooooboobooboooobobooobooo
oooooobooo uNDXooooooooo
gboooobooooobooboboooog
gbooooboooobooobo

e MGGUOODOODODOODODO
gooboobbbobbooobooboobbo
gboobooboobooooooobboooobooo
GAOOO0OOOOOoOOOoOooooOoOoOooo
0000000000 000ooO® oMGGOO
goooooooobooboobooboobgon
gboooood

e JO00OOIDOOOOOOOODODOODOO
0000000000 0000 GAOOOOO GA
ubboooboooboooobooobooooobooo
gbobooOooboboobooooooboogooooo



Table 3 Summary of results

Number of Islands
Functions Crossover 1 2 5 10
mensi S S S S
(dimensions) = AVG = AVG = AVG = AVG
H H H H
Rastrigin UNDX 17 | 2,822,700 | 18 | 1,478,100 | 17 666,900 | 19 472,100
(20dim) 2X 20 | 2,888,300 | 20 | 1,742,900 | 20 | 1,578,700 | 20 869,300
Griewank UNDX 20 | 1,857,700 | 20 | 1,102,100 | 20 585,300 | 20 397,300
(20dim) 2X 15 | 3,120,500 | 11 | 1,901,100 8 979,900 | 13 734,500
Rosenbrock UNDX 20 | 1,275,260 | 20 952,650 | 20 | 1,069,450 | 19 | 2,548,850
(20dim) 2X 0 - 0 - 0 - 0 -
Ridge UNDX 20 784,650 | 20 530,650 | 20 381,050 | 20 375,650
(20dim) 2X 0 - 0 - 0 - 0 -
Rotated Rastrigin UNDX 19 | 2,761,500 | 20 | 1,423,300 | 20 708,900 | 19 524,300
(20dim) 2X 0 - 0 - 0 - 0 -
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