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Abstract:

Tournament selection has been employed in various evolutionary algorithms due to

its own advantages. Such a characteristic as to choose some individuals randomly in a current

population for tournaments would make it possible to evaluate the only individuals chosen for

those tournaments. This would be a new advantage of tournament selection in shortening the

evaluation time. This study investigated this possibility analytically and experimentally. The

results show that it is possible to shorten the computational time by evaluating only individuals

chosen for tournaments if the tournament size is less than ten.

1 0000

00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 [1200000000non
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000

ooooobooobooo
8 goooooooo 17-8
@ ele.setsunan.ac.jp

2 Oooobooooon
21 0J0O0dooooo

obobobooboooooooobooboobooobon
o0ooooooGAQOoUOOoOoooooooooo
obooooo

gobgd 100000000

gbod 20000000000000
ooo0 3 00o0oo0n

gdbgd 40000000000

gbodd s 0o0oboooobooooooboboo

g20000

gogbodgbooobbobbooboobooabo
00000 ¢>2)00000000o0ooooooo
ggbooobooobboboboobuooboabod
gogboooboobboobooboobooboo
goboobooobboobooboobooboo
0000 (NM)ODODoooooooooooooooo
goooooooNDDOOOOoobDbOOoooDbbooLO
0000 (Ny)OOOOOOoOo0ooooooooooo
gogbooboooboboooboobuoobooboo
gbobooooooooooboobobooooon
gboboooooobooboobobobooooon
goboooooobooob 20000030000
gboboboboboboboboboboooon
gbobobobobobobobboooooooon
gbbooobooboobobooobooboooobono

- 116 -



22 00000000

00000000000000000000000
0000000000000000000000000
00000000000000001/NOOOOOO
000000000000000100000000
000000000000 1/NOOOO (N)D0D0Oo
0000000000000000000000000
000000000000000000000000
00000000 X000 (0000X €{1,2,---,N})
00000 (P(X)0000000 P(X=1)000
0oooooto

e = 5 (E) (3
()"
P(X=2) = <g>(2m—2) ;)M
@) e
e = (o= (ron (3)°
SO
P(X=4) = (N)Pﬂt— 3 W3

Il
~
=~ 2
~

N
/~
==
~
Z

&

I
S
<z
N———

F
VRS
2|~
N———
2

C)

0000 (}) 00000000 ,C, 0000

(@) o

O (1)-(6)00 YL, P(X =4)=1000000000
10000000000000000000 (0000
0)00000000000000

N
Xiheo = E(X) =Y _jP(X =}) (7)
j=1

00000 (7) 000000000000 (N)OO
0000000000000000000000000
00000000000000

3 Uogg

00000020000000000000000
000000000000000000000000
00000000000000000

0000000000000 0000000002.2
00000000000000000 NOOOOOO
0000 NtOOOOOOOO0O0OO0Oo0o0oooooon
000 X; 0000000 nO00O00O0O0O0OO0OODO
000 {X1,Xo, -, X, } 000 Xy = >y Xi/n
oooooo

N € {5,10, 25,50, 100, 200, 500, 1000}, t € {2,3,-- -,
N}On=1000000000000000000 (7)0
000000000000 (N,t)000000000
O()-(6)000D00D0000000D00D000000
00000000000000D00 ExcelDODOODO
OoooOoooooo

010010 NOODDOODOOODOtO00Ooooo
0000 Xiheo: 000000 Xm: 00000000
000000000000 00000O0O0O0oon
00000000000 00000o0o000ooooon
2000000000000000000(QO00X0O
00)00000000(N)ODDO0O0O000000
0000000000000+ 0000 200000
0000 XO0O0O0OO00t0 10000 X0 NDOOOO
O00ON=5,1000 NOOO 1000000000
t0 NOOOOOODODO XO0O0O0O00 (O 1(a)-1(b))d
XO0NOOOOOOODOtO0Oo0ooOoooooooo
000t=8000000000000000 200
000000000000000000000000
0000 10000000000000¢t<4000
ooooo

- 117 -



Expected value

Expected value

Expected value

Expected value

U 1. 0000000000000000000000 (theory: 0000 0Osimulation: 00000000000O)

5.0

4.5

4.0

25

24

23

22

21

20

100
98
9%
94
92
90
88
86
84
82
80

500
490
480
470
460
450
440
430
420
410
400

2 10.0

9]
[
9.5
[}
=]
©
>
8 90
& g
o
X
]
8.5
theory ©
simulation I
. . | 8.0
2 3 4 5
Tournament size
(a) N=5
@@—@—EDDDDDDDDDDDD 50
& 49
48
47
]
= 46
s
2 45
[5)
[
S 44
w
43
42
theory ¢ 41
., gmdaton [ %0
4 6 8 10 12 14 16 18 20
Tournament size
(¢) N=25
e e = === e === 200
O
O
190
[}
=
[}
>
® 180
(5]
[
o
X
w
170
... . simuan D 160
4 6 8 10 12 14 16 18 20
Tournament size
(e) N =100
DuuDDDDDDDDDDDDD 1000
O
950
(]
=
[
>
® 900
o
(3
Qo
X
w
850
... simuatn 800
4 6 8 10 12 14 16 18 20

Tournament size

(g) N =500

- 118 -

theory <
simulation [

3 4 5 6 7 8 9 10
Tournament size

(b) N =10

P o T T Y R = B |
RIS I B B B B

O

theory <
s‘imulati‘on B

4 6 8 10 12 14 16 18 20
Tournament size

(d) N =50

simulation [

4 6 8 10 12 14 16 18 20
Tournament size

(f) N = 200

I R T T T S -
o oo EEEEEEEEE e

simulation [

4 6 8 10 12 14 16 18 20
Tournament size

(h) N = 1000



01 (N,t)D00000000000O0O00oooo
(00: XgnnOOO: Xipeo)

t|| N= N=10 | N=25| N =50
, || 44490 | 87920 | 21,7440 | 45.2340
4.4631 | 8.7842 | 21.7529 | 43.3690
5 || 48120 | 95830 | 238210 | 475600
4.8241 | 9.5761 | 23.8297 | 47.5852
o || 49120 [ 08550 | 205360 | 40.1260
4.9424 | 9.8522 | 24.5782 —
5 || 49520 [ 90580 | 20,8400 | 40.7130
4.9811 | 9.9485 | 24.8480 —
o ||| 99820 [ 209010 [ 40,8590
— 9.9820 | 24.9452 —
2= [ 99910 [21.9780 | 49.9550
— 9.9937 | 24.9803 —
o || | 9990 | 209850 [ 40.0840
- 9.9978 | 24.9929 —

NOODDODOOOOOOOODOOOoOXOoOoOoo
ooooooNODOOOODO:toOoOooooooon
00000000000000000O00 RED[%)O
goooo

X
RED = (1— ) x 100 (8)

000 Xupeo O (V,$)00000000000000
000000000000 0OREDOOODOOOOO
00000000000 X, 000000 200 20
t=1,2,---,100000 REDOOOON =5,100
O00000000O00O0O0OREDO NOOOOOO
t00000000000

15

N=5  +
Q N=10
N=25 ¥
N=50 [
N=100
+ N=200 ¢
10 | N=500 ®
N=1000 ~
S
[a]
L
@
5r ®
X
L ]
4
e
0 ! ! ! T . . ! ! @&

2 3 4 5 6 7 8 9 10
Tournament size

(N, )0000000000000 [%)

4 0O00O0O0OO0O

00000000000000000000000
000000000000 20000030000
000000000000000000000000
0GA(DOOGADDD)0O0O00O0O0000000
ONEMAX 000 (k,I)-DECEPTION OO [3]000
OOONEMAXOOOOOOOOOOO0OOO0O0O0D00O
0GAODDDDOOOOOO0OO0OO0O0000000D0
(k,1)-DECEPTION00000000D0000000
000000000000000000000000
00000000000O0O0ONEMAXOOOODODO
0000 L = 1000 DECEPTION 00000 [4] O
O000k=31=200 L=600000000(k,I)-
DECEPTIONOOO0OOO0O 30000GADDDOO
000004000000000000000000
000000000000000000000000
0000000000000 22000000000
000000000000000000000 100
000000000000000000 GAOODO
000000000000000000000000
0ooooooo

GAD 100000000000000000000
0000000000000003040000(N,t)0
000000000000002000003000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000(N,t)0
00000000 2000000000000000
00000 (k1)-DECEPTIONOOODOO00O0OODO
0000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000 10000000
000000000000000000000000
00000000000000GAODDOOOOOODO
020000030000000000000000
0000000000000000 (000 xO000)

0 3: (3,1)-DECEPTION 0 O

ooooo |obo |boooo (booo
111 30 100 14
101 0 010 22
110 0 001 26
011 0 000 28

- 119 -



02 (N,)0000000000000 [%)

t| N=5[N=10| N=25| N=50 | N=100 | N =200 | N =500 | N = 1000
2 | 11.0200 | 12.0800 | 13.0240 | 13.5320 | 13.5210 | 13.4260 | 13.5036 | 13.5159
3| 3.7600 | 4.1700 | 4.7160 | 4.8%00 | 4.8730 | 4.9450 | 4.9414 4.9480
4| 1.1600 | 1.4500 | 1.8560 | 1.7480 | 1.7380 | 1.8205 | 1.8154 1.8238
5| 0.3600 | 0.4200 | 0.6400 | 0.5740 | 0.6080 | 0.6455 | 0.6548 0.6668
6| —— | 01800 02360 | 02220 | 02270 | 02410 | 0.2344 0.2425
7| —— ] 0.0600 | 0.0880 | 0.0900 | 0.0800 | 0.0960 | 0.0884 0.0868
8| —— ] 0.0200] 00600 | 0.0320| 00300 0.0320] 0.0342 0.0310
0000,000000000000000 (000
04 GADDODOOOO 00000000)000000000000000
Sl o0 0000000000000000000000000
i e I LECOU L L L LL L
100000 0.9
000 (N) {100, 1000} HoobbooHo
000000000000000000000000
Doooooooon @ | {246} 000000000000000000000000

gobooboooboobooboooboboboobo

5 Uon

goboobooboobboobooboooo
goboobooboobbooboobooboo
gboooooobooboobobobooooogon
goooo

e JIOO0OOODOOOODDOOOOODOOOOO
goooOoooooooooobooooboooon
oobobOoooobooooooooooooon
goobooooooooboooooooooon
ooobOooooboooooboobooooobooon
oooboooooooooboooooooboooon
obooooobooooooboooon

e NU0ODOODOODODOODODOODOODOO
t=200000000000:0000000
gboboooobbobod¢+=80000000
goboboooobogobbooooboboboo
gboooobooboboooobooboboo
gooobooobgon

e JOUODOUODOODODODODODODODOO
gooboooooooooboooooooboooon
oboooboooobooboo

gboboooocobooooboooboobobooooon
gbooooboooooooo
obobobooooooooooooboobooobaon
oooboooooooooooooboooooooon
oboboobobobobobobOobobOoooo
oboooobooobooobooooboobooooono
o0oo0ooOoOoooOooooo GApoooooOoo
goooooOoooooDooOooooDoooon gpoO
gboboobooooooooobooboboboooo
gboooobooobooboboooooobo

good

[1] Goldberg, D.:
Optimization and Machine Learning, Addison-
Wesley (1989)

Genetic Algorithms in Search,

[2) D000 0O0D00O0O0D0O00O0O000 (0):00
00000000 000,00000, (2010)

[3] Goldberg, D., Deb, K. and Korb, B.: Messy Ge-
netic Algorithms Revisited: Studies in Mixed

Size and Scale, Complexr Systems, 4:415-444
(1990)
[4] Miihlenbein, H. Evolutionary  Algo-

rithms: Theory and Applications, cite-

seer.nj.nec.com/110687.html, (1993)

- 120 -



Number of evaluations

Number of evaluations

Number of evaluations

Number of evaluations

100

95

90

70

1000

950

900

850

800

750

100

(a) (N.1) = (100,2)

L

(d) (N,2) = (1000, 2)

Number of evaluations

Number of evaluations

100

95

90

85

80

70

1000

950

900

850

800

750

700

20 40 60 80 100

(b) (N, 1) = (100, 4)

e

R

eeeeeeeee

(e) (N, ) = (1000, 4)

Number of evaluations

Number of evaluations

95

90

80

70

1000

950

900

850

800

750

700

20 40 60 80

(c) (N,£) = (100,6)

100

eeeeeeeee

(f) (N, t) = (1000, 6)

0 3: ONEMAXOUOOUOOOOUOOOOUOOOO (oooooooooo)

90

85

75

1000

950

900

850

800

750

700

(a) (N, 1) = (100,2)
A b
(d)ZO(N t)AOG (10(?;) 2) T

of evalu:

Number

Number of evaluations

100

90

85

80

75

|| 11l | III||II | I||||I I||| I || II||| |
R

1000

950

900

850

800

750

700

20 40 60 80 100

(b) (N, t) (100 4)

B e T e T

0 60 80 100

Gen
="(1000, 4)

sl

20

(e) (N,1)

Number of evaluations

920

85

80

75

1000

950

900

850

800

750

700

20 40 60 80

(©) (N,#) = (100, 6)

100

20 40 60 80

(f) (N,t) = (1000, 6)

0 4: (3-20)-DECEPTO000D0000O00O0ODOOOODOO (0D0D0O0ODOOODODNO)

- 121 -

100





