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fog(zy,xe,...,x5) = f(a1,22,...,21) 0 g(x1, 22, ..., Tk) (2.2)

000000000 ShanmonOOOOOODOOODOOOODOOO

fog(xlw"axi)"'axk):
f(xl,...,xi_l,O,xiH,...,mk)
O og(xy,...,zi—1,0,2iq1,...,2%);if 2; =0 (2.3)
f(ib‘l,...,xi_1,1,$i+1,...,l’k)
Oog(xy,...,zi—1, Lxigr, ..., xg);if x; =1

000021 0000000000000 BDDOOOOOOOOOODO (23)00
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flzoy ..y xim1, Lz, x) = 10000
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O00000000000D00D0000000 A= fog)00O0O0O0OOOOOOO 22
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(1) f,g000000000000000 00000 fog0ODOD
(2) ftopO gtop0 0 OO OODOODO
ho < foo go,h1 — fioq
if ho = hl then h «— ho else h «— (ftOp, ho,hl)
(3) ftopD ¢gtop0OO0DODOD
ho — foo g, — fioyg
(4) fitopO gtop0 0O OODOODO
ho — [ o go,h1 — fogo

022 h(=fog)00D0O0O0O0D0O0O

gooboboooobooooooboooBDDOOOOOODOOOODOOOODODOO
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Step i of an animal

L J

Take an action.
Energy is consumed or increased
depending on the action.

Does its energy reach
a threshold?

Is there a partner with its
species in its neighborhood?

No

2.6.

L J

It is given the half of its energy.

Apply crossover with Apply either
a partner with the mutation, insertion
most highest energy. ot deletion.
k 4
Make a child.
tl—

il
-

L J

Step i+1 of the animal
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APPLYODOOOCOODOOOOUOUOUOUOO»-BDDOOOOOOOOO Flexible APPLY
gobobooggbobuoooobboboo

3.2 UOOOOOO

obobobobooboobooboobobbobooboobooboobon
gbobbbobbooodgbobbbooobbbboooobbboooonobbobao
goboboogg

3.2.1 00O00O0OO0OOO

D000000000000000000000000000 [93)(94][95]0000
gobbbdogbobobooooubbboooobbboooubbbuoooobo
O0000q(:0000)000000KO0<y,,<1000000s;000003.100
googd

a;(b;, st;) (3.1)

3.2.2 0O00O0O0OO0OOOO

Dobodbodbodbododoooooooooodgoooabobododidae;d
O0e,000000000000000q00000 (3.2)0000000

a;(bi, st;) = c(a; (b, st;), ar(bk, stx)) (3.2)
000 0000000000 (3.3) 0000000

c(a;j(b;, sty), ar(by, sty)) =

a;(mb(cb(b;, by)), ms(cs(st;, sty))) (3.3)

OO0O00cO00 cesOO00O0O0O0OOO0OOOOOODOODOODODODODODODOO
mbOOOmsO0O00O0O0O0O0OO0DOO0ODOO0OOO0OO0ODOOODOODOO0OO0OODOO
goboobobooboobooboboobuobob 20bb0obo0oobOobd »n-BDD
000000000000 00000000 3.30000000 Flexible APPLY OO
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3.2.3 0O0OOO

gogbbobuooobbooogbobuooobobbuoooobbobuooooobo
gbogbuoobuoobgobooboobuooboobooboobboobod
Oae,0e,00 (34)00000000000000000O00DOOOO

gd(ai(bi, ), a;(b;, ) < K (3.4)

UbdbgdDbO0O0O00O0bOooboboooboboobobonooobobooDbo
gboxKOoOoooooogd

3.24 0OO0O0O0OOOOOOOOO

gbbooboggbboobbuogbobooobboobbobobooobboon
gooboboobodmpr 00000000 DODOOO0O0O0O0O0O0O0ODODOO0O0O0 st;
OoooooobooOooooOooDooOoooOOoOoboboOognDACTOD 10000 act;
0000000000s,000¢t0000000000000000O0en;(1)000O0
Oer;(t))D000 ! 000000000000 (35) 0000

actt = st;(en;(t), ex;(t)) (3.5)

3.2.5 UUOUOOOoUooOOoood

0000000 e 000000000000000000en,()0000000
000000000 K O000000000000e00000000000000
00d,..(b;)0000000000¢000000000000¢0000000 en;
000 (36)0000

{ema+nzem®+dwﬁ@) (3.6

en;(0) = eg
DDDDDDDDDDDDDDD%DDDDDDDDD(3.7)DDDDDDDDDDD
(Hungry)DD(3.8)DDDDDDDDDDD(Fuﬂ)DDDDDDDDDDDDDDDD

ggooboooobb 3200000bobobooooboo

eni(t) < e (3.7)
en;(t) > ey (3.8)
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3.2.6 00000000

gobbbUgqUUoooobbbbuooooooobobbogoooobooon
OO0 e O DOODODODODODOOOODOODODODOOODODODOODODeDODO
goo

t>T, (3.9)
en;(t) < es (3.10)
tmpr > D (3.11)

3.2.7 Uoguoouoouod

gboboobobuogbobuodooobuobobobuooboboobobodan
0000000000000 0D00000O000000en(t)0D00O (3.6)0000
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goboboooobbbuoooobbbooobobboooobobobooooboon
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3.28 0UO0OOOOOOO

goddddooooououoooooobbobbbbbbbbbbooooooooga
OoboobbobooooboboooobooboboooosObO st0OOODOO
gobobbobobuoogooooobbbbbbuoooobbbibe, 100000
Oobo0oobobbo g, 000000000000 s, 0000DO0OOO0O0ODO fO
000 (3.12)0000000000o0O0

gri = f(bs, st;) (3.12)

0310020000000¢0 st,st,, DOODODOOODOODOOOOO OO0 10
gboboboooobbgrdbbbuooobbbooun sg,st, UOO0OO

f(sty,b) = f(stm,b) (3.13)
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or

b

g 3l:0bbugoobbbooogbobbboooobobbogan

8f(§£l, b) 8f(3§;m b) <0 (3.14)

goooooboobobs=b000bOO0bOob0bOOOoOonoOon

f(st, ) > f(stm,b) ;i b<byg (3.15)
f(sti,b) < f(stm,b)  ;if b> by (3.16)

0 (3.15) 00000000 st, 000000000 s, 0000000000000
0000000000 s, 0000000000000 DO (3.16)00000000on
gboboooobobobobooobdss<hro00ODO0ODbOOODODOD st 00
b>br D0O0DO0O0O00O00O00O00O0O st,, 00000000000 DO0O0O0O0O0O0O0OO0
ooooommb0DbO0ODbO0ODODODODODODODO OO OOODOODOO
gobboodbbtbdgrgbboodbbbooobbbooobboobbodgn
gbooboboosorobobooooboboboboboboobono
gbobobobobobobobobobobobobobobgs4e0b0nbO
ggooood

3.3 Flexible APPLYOUOUOOO

OO0 APPLYOUODOOOOODOOODOOODOO»-BDDOODOOODOOODOOODOO
O00oooooobo0oobood-»-BDDOODUODOOOOOOOODOODOO Flexible
APPLYODODOOODODOOOODOOOOOO [96]0
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3.3.1 00O

Flexible APPLYOOOOOUODOOODOO 200 »-BDDODOOOOODOODOODOO
gbobobobooooboboboboobobobboboboby 000
O prp, 000000000000

n-BDDODOOOODO0O0O0O0O0O0ODO0OO0OOO0O0bO0bobOo0ooobobong
gobboogobbbuoooobbboooboboboooobobobooooboo
gbobbooogbbbuooobbboodobbboooobbbooaobobo
gbboobbuooooobbuoobboo IDDDDDDDDDDDDDDD%DQ
gobboogobobuoooobobbooooboo

n-BDDO0O0O0O0OOOO0OO0OO 20000 0000 P, 00000000
goo

Pp= Y w(S) (3.17)

SeNodes(x)
O0000ONodes(x,) 00000 2 000000000D0COO0OOODOOOODOOO
w(S)ODOO SOO000000O0O0000OOO0OO000OO0oooo

1 (SDDOD)
U}(S) = ZTEParents(S) %’lU(T) (318)
(Cooo)

O0000Parents(S)D00 SOO0O00O0O0O0O0DOO0O0OOOOOOOOOOOOOO
O00000000O0000DODOOFlexible APPLYOOOODOOOOOOODOO
gobobogd

3.3.2 Flexible APPLY [0 [

OO0 n»n-BDD fO ¢g0O Flexible APPLYO OO ODOODOODOOOOO

(1) f,¢g00000000000O0 (possession rate) 0000

(2)00000 fOgODODOOOOOOO

(3)0000000000000000000DODOO0OO0O00OOOOf,g000OODO
00 (restructuring) O O

(4)00000 f,¢g0 APPLYO DO fogOODODO
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0320 fOg0000000000OO0DOO0O0OODOOOOODOOOODODOO n-BDD
ggboooboooooo

@ possession rate=1.00

poss&s:i on rate=1.00

possession ratec:l.OO hossession rate=0.50

restructuring | total possessionrate | restructuring
X1:150

APPLY crossover

0 3.2: Flexible APPLYO OODOO

3.3.3 Flexible APPLY O OOONO

O0000O0D Flexible APPLYODOODOODOODOOODOOODOODOO
ggboobuooooboob

oooooo000 X,,....Xs0OOOO0O0,..,210 000000 n-BDD (n = 22)
0000000000000 000O000000O0O00oo0o0OO »-BDD (O 3.300)
00000000000000(0O000002°=512)010000000000 100
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0 3.3: 00000 n-BDD (n=22)0

O

gboblodboboboogoboboooobbluogobooboogbbseognbnon
gobobooooobobogsgooobbooooob cobbbboooobon

(1) Flexible APPLY O O (casel)
(2) 00000000000 APPLYO O (case2)
(3) 00000000000 APPLYO O (case3) O

O00Ocase20 00000000 Xo,....XseOOOOOOODODOOcase3 DODOODO
oboob X,...XsOOOOODODOODOODO

3.3.4 UOU0OUOO

3400000000000 b000bObOooobboooboboobboobDbo
U00Ocase200000OUOOODDOOUDOOODODDODO0ODOO0OODOO case3U 00O
O0000000000D00ODOO Flexible APPLYODOODOODOODOOOOODOODO
U000 caselO00O0O0O0D0OOO0OO0OOcase2000000O0O0DOOOOOOOO
UO0Ocase200000OO0OODOO0OOOO0OOOO0OOODO 3500000000
000000000 00000000 casel 0000000000 case200000

“0000 Intel PentiumIIl 1133MHz/256MBO OS O Solaris 80 0000000000 C++00
ooon
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Fitness

S0F case2 o
e
450 “‘casel
Vs
I
400 b 7 )
case3
mob // )
;rr ’/.

300 F

r’(( /
S

[

IF
200 L

i
150
100
50 |

0 L L L L L L L Steps

034 0000000000000

gbobodb13bbogobugbbudbbodboobbudibi case3d0n
ggobobbooooooboooooboboooobobobboooooooobobog
ggbbbuodgobbbouooobobbboooobbboooobbbuoooobon
ggobobooggoon

3.4 U0

gogobobboogooboobboooobboboooobbb20bboooobon
gbbgbboobuadboobboobbuooboobboboboagsspbooon
UtmprODU000000obuogoboogooobooob1ogbobboboon
gogol1obogggoooogn
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Fitness

a00
case?

450
casel

400
5 cased
300
200
200
150
100

a0

time(sec.)

g 35 b0buguobobooogn

3.4.1 O00O0OO0O0OO0OOOO

O00000003.600000000tmpr00 (3.19) 0000000000 (Hot)M
0(32000000000000 (Cold)DOOOOOO

tmpr > D —d (3.19)
tmpr < Fo +d' (3.20)
O000000000000000000000 (Confortable)DOOODODOOOOODO

000000000000000000000000000000 (Cool)ODO OO
O0000000000Doooo0odg (Warm)DOOGQOGQOoOooQ

3.4.2 0O0O0O0O0OOOOO

gbbbuoooobbboooobbbuoooobbbuooobbbuooooboo
goobobboobobbooggdmprDO0O000ooooooobbobobbn
O 000000000 )pO0b0b0ob0bo0ob00o0oboobooboobo
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tmgr . }Hot
G|,y pwem [hcamorane

0 3.6: 000ggon

Fy <tmpr < Fy (3.21)

3.4.3 UO0OOO

UidbbdleUDOOooobibn 310dbdbbudibibe,b1bbodgnon
googbooboobob 320000000 1gobobooboobo FODLOO
goodggbbbbbibguodouooooooooonobbbe,bboon
00000000000 00000000O000O00O0ODO0000O0(OooBooOO
000000ooD)00doooooo0ooUoooo coooooooUooooooO
000000000000000000000000oooO0O0O 3.23000)000
gboboobooooboboobooboobolgboooobooo MmobooooO
ggbbbuogoobbouoodobobbooodobbboooobbbuooobobo
ggbbobuooobobbouoooobobboooobboboooobbobuoooobon
gogoboboooooboobogo

000000000 »BDDOOOOO0OOOOOeOO0OactioO

actt « bdd;(en;(t), ex;(t)) (3.22)

oo0oooooobobDtobdbe 00000 D 000000000 onoo

344 0O0O0O0OOOOO

gooobooboobobooooobobobooobobooooobooog o
godgobbbeq,00ugg 32000000000000000000000OD0
dacﬁ(bi)DDDDDDDDDDDDDGO,...,G7DDDDDDD
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U31:0b00didliebboognd

X, | Full

Xy | Hungry

X3 | Plant is visible by a;

X4 | Other agent is visible by a;
X5 | Cold

X6 | Warm

X5 | Cool

032 000000q0000

do not move.

move to a plant, and eat it if reached.

approach the same kind of animal.

cross with the same kind of animal.

= Qe =

migrate to another island.

{dN(bi) = —|Gy — |G1| - b;] ;if Cold (3.23)
dy(b;) = —|Gol else

dp(b;) = |G| (3.24)

da(b;) = —|G4 (3.25)

de(bi) = —|Gs| (3.26)

dur (b)) = —|Gs + |G| - b (3.27)

00000000000000000 E0D0000000000000000000
0000000 KOO00O0D0DO000O0 NOOODOOOODOOOO0K000000
00000000000000 MOOOOOOOO0OO0OO0O0W, 000000000
000000000000000 (0 (3.23)(3.27)0

3.4.5 0O0O0OO

gbobogobbogo hougbobooobbooonoboboogbosbooonbn
0000000000000 »-BDDOOOOODOOOOOO37(0)0000O0OOO
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= Plant
u AgentEststay)
B Agent(Stmigrate)

037 00000000000 (0)boooooooooo (0)o

O00000oO0o0O0O0o0O0O0000ooOooO0O0O0O03.7(D)ooooooooooD 20
00000 stsayd stmigraee 1000 00000000000000000 stge, 00
gbogbuoobuoobooboobooboobooboobooboobobbob
gboogbdoobooboboobouoobuoobuoobobobobbobboobon
ooooooooodon stugae WO 0000000000 00000000000
gbogbuoobuoobgobooboobobbboobooboobobbob
goooogooo
gbodobi1bgdgbog2edbudbliogbboobouggboobboond
oobgboboboboboooobobobobo3guboobobobobon
gbogbgooboobboboobuoobooboobobbobbooboobon
gobogbdooboobgboobuooboobuoobobbobbobboobon
000000000000 00O00000O0O000O03.7(0)oDo0oooooooo
2000000 steeyU stmigraee 1000 O000000000000000O
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300

250 I

200

150 [

100 |

50

—

—

individuals
in areal

temperature

in areal

-
e

~

individuals
in area2

temperature
in area2

N

tmpr
150

- 725

]

0
76,800

76,900

77,000

77,300

47

Steps

U 38 0u0ugugbobobugoobbooogboboooon

34.6 O00O0O0OOOOOOO

0000000000000 2000000 sty stmiga. 00000328000
000000000000000000000000 stye 000 stmigree 00000
00000 -BDDOOOOOOOOO3900310000000000000100
0000000000 (%) 00000000000000000000000000
0000000 (%) 00000000000000000000000000000
0.,-BDDOOOOOOOOOOOD 2%0000000000000000000
03900 3100000000 sty 000 sty 0000000000000
0000 E0DDO0O0O0O0O0O0O0000 (324)00000000000 E000O0O00
000000000000000000000000000000000000000
0000000 styey 000 Stmigrare J000000000000000000 stya,
0000 NOODOOOOODOOOOOO00 (3.23)0000000 600000000
0000000000000000000000000 stpge 0000 MOOODO
0000000000 (327000000046, 00000000000000000
0000000000000000000000000 styeyD stmigrae 1 03.2.80 0
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St stay

selection rate

45.1%
41.3%
10.4%
1.6%
1.6%

! i
:
5% ’,' 1% 2.2% | 2%
2.6% \0.2%  21.6% §.9% 31.106\1.3% 3.5% \1.5%

.00
N B N [ ]

0 3.9: 0000 sty 1000000000 n-BDDOODOO

000002000000 st,,s4,0000000000000000
03110000000002000000 stye0stmga. 00000000000
O000KwO0O00000000000K00<b,<1000000000000000
Stasteqy 0000000000 stpigre D 200000000000000000000
000000000000000003.1100032800000000000000
0000020000000 b,=05500000000000000 brg< 0550
0000000000000 Stpigraee 10000000 bry>05500000000
000000 sty, 00000000000000000000000O0

3.4.7 UOoOogoogg

0003230000000000000000000000003.12000000
000000000000002000000 steeyD stmigraee 1000000000
00000 K00000000000000000000 bry=0550000000
00 20000000000000000000000000000C0000000
000000000000000000(00)0000000000 31100000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
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St migrate

selection rate

22%

74.1%
8.7%
0.5%
14.5%

52.7% {10.6%! 9% L.71%
55% |1.6%

£]

' 5.4% 10.2%
42.9%% 48%?
nRB[elm
(] [E] ) ]
93%  0.5%

0 3.10: 0000 styigate 1000000000 n-BDDOODOO

Individuals

25

20

15

10

0.43 0.71

SISay _
St migrate--- |

0.2

49

0311: 00000000000 styeyd stmigae 000000000000000 b

gooo

gobobboobobboougogooobbooboboodg 3900 1ougobboooboo
gobboogobbbuoooobbboooboboboooobobobooooboo
gbbboooobbbuooobobbbooodobbboood
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Individuals
10 T

044 058
! ! Ststay
St migrate-- -

0312: 00000000000 styeD stmigae 100000000000000 b
000 (QOo0000)o

3.4.8 Flexible APPLYUOUOUOOO

00000000000 Flexible APPLYOOOOOOOOOO »BDDOOOOO
000000000000 0000000000000000000000 3.900
3.10000000000000000000 X;0 X;0000O000000000
0000000000000 00000000000000000 »-BDDOOOOO
00000000000000000003900000000X,00000000
0000 ste, 0000000000000 00000000000000000
000000031000000000 X, 000000000000 stpigrae D00
D000000000000000000000000 stmiga 0000000000
000000000 MOOOOOOOO000000 sty,000000000000
000000000000000000000000000000000000 sty
0000000000000 00000000000NOOOOOOOOOOOO0O
0000000000 2000--BDDO0O000OO0O0OO0O000O0000000000O
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000 000000000000000000000000000
000000000000 000000OFlexible APPLYOOOOOOOOOOOO
00000000000000000000000000000000000000
00000000000 000000000000000
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3.5 UQOoOO

gboogbuodgbogbooboobooboobobbobbobbooboboon
gboobobooboobuooboobobbobooboob»--BDDODOOODO
n-BDDOODO0O0OO0O0O0O0ODO0O000O00DO0O000DO0000D00DADO Flexible
APPLYDOUODOOODOUODOODOFlexible APPLYOOODOODODODODOOODOODOO
gbogbuogboob2b00bobobooboobooobobooboobod
gbobbooggbbbuooobbboodobbbuoooobbboooobobo
gbobobooogbobobooooboboooobooboood

goboboobob2000ddoogooboobobboodoooooboboobobod
gbobobobobobmobooboooobobobooboobobobo
gobbobbboogooobbbbbouooobbbboooooobobobod
gobbooggbbbuooobbbooobobbuoooobobobooooboo
0000000000000 000Oo0oOO @Y ODoooo0oooooooooDooO
gbobboogoobbbuoooobbbooooboo

gbobobuoooobbboooobbobuoooobbbuoobbobooooboo
gobbooggbbobuogoobbbogooboboooobobooooboo
gbbboooobbbuooobbboodobbboooobbbooaoboo
gbobooboog






23

L] 4[]

Juoogtdootgtddoogdyn
Juoooudoootdd

goboboooobbbuoooobbboooobboooobboboooooboo
gbbbooggbbbuooobbboodobbbuoooobbbooaobobo
gbboboboogodgbooobobbuoobbuoobboobboobobbboon
gouobobouodgbogboobboobogbuooboobooobobobobbonn
gboboboboboobooboobooboobonn

4.1 0OO0OO

000000000000 000D0000000D00D0D0DOD0O0O00oOooDOoog
000000000000 0D000DbarwinOODOODOODOODOODOODOOOODOO
00000 44|45 000000000000000O0OOO0OOOOOOOODOO
O00000000000000000000000000 Q800000o0oooooo
000000000000 0D000O000000ooD0ooDooDOoooooooooOon
0000000000000 oDdoooooooooooooooooooon
O0000000000000000 [49][50][51][52]0

000000000000 000000O00000DO0D0D0DO0bO0O0O0O0ODOoonOO
0000000000000 0D000D000DO0O00Do00oDOooooOoooDoooo
O000O0O00oOO00oboO0ooOoobO0bOoO0o0bO0obbOO0oobDOoobbOOooDo
RUOODO0O000000000000000000000000000OOOLatane
O 0O O Dynamic Social Impact Theory OO OO OOOO0OOOOOODOOOOOOO
0000000000000 0o0oDdooo0oooooooooooooooooon
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[99][100)0 0000000000000 000000000000000000000
00000000000000000000000000000000000000
0000 [101)0000000000000000000000000000000
00000000000000000000000000000000000000
0 [102]0

000Smmel 0MO0000000000000000000@OO0O0O00000
000000@MO0000000000000000000000000 (1030000
00000000000000000000000000000000000000
D00000Ri000000000000000000000000000000
00000000000000000000000000000000000000
000000 [104000000000000000000000000000000
00000000000000000000000000000000000000
00000 [105)0

0000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000Chained000000
00000000000000000000000000000000000000
(1060 00000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000

0000000000000000000000000000000000000
0D0000000000000000000000000000000000000
000000000000 [3435)00000000000000000000000
0000000000000000 (107 00000000000000000000
00000000000000000000000000000000000000
00000000000000000000000
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4.2 0OOO0OOOOOO

4.2.1 0O000O0O0OOOO

OO0 [107)000Lerenad 000 470000000 [33|[34][35]00COoOoOoOO
dodoodooobooooooooobobobboobboooooooooooon
00 0000 sex; 000 age; 0000 gene; 0000000 meme pools; 0000
0o

a;(sex;, age;, gene;, meme pools;). (4.1)

googd
gene; = (g™, """, (4.2)
meme pools; = (mirt m?rl), (4.3)

gbogboobooboobbooboobobobobobooboobbtrestd
OOprefO0000000O0¢ " Omi00000000000 sex; =maled 0000
000000000000000000¢000000000000000000
O000m00000000000000000000000000000O0OQ
DDDDDDDDDDDDDDDDDDDDDDDDDDDDgfrefDmfrefDDDDD
goboo (se:vi:female)DDDDDDDDDDDDDDDDDDDDDDngefD
DDDDDDDDDDDDDDDDDDDmeEfDDDDDDDDDDDDDDDDD
gobboooobbbuoooobobboooboboboooobobobooooboo

00000000000 [107/0000000000000O000000O00O0OO

trait PT’ef) (mz‘:rait
3

a;(sex;, age;, (gir**, gt : ,mpref)). (4.4)

]

4.2.2 0O0O0OO0O

00000000000 000¢gerogreey0 0000000 energy; 00000
goo

D4.1DDDDDDDDDDDDDDDDDDDDDDDDgf”“DgfrefDDDDD
goboobodog

gt = (G1,G1), (4.5)
gl = (gr.grm). (4.6)
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Agent g, Agenta,

[ser.] [age] [nergu] | whenmae [ [mele] [age] [encrgy
(G 1™ g gr]

When female

O 41: 000000000000

oooogevogrr/nn0000Nn ;0000°0000000000000
0o0o000000O0000o0geYng¥n1000000000000 1000
000000000000000000000000O00000O0gogr o2
0000000000000000

000 Oenergy; 000000000 Oenergy; 00000000000000000
00000000000000000000000000000000000000
00000000000000000OOenergy; 1000000000000000
0000000000000000000000000000000

a;(sex;, age;, energy;, gene;, memepools;) =

ai(sexi, ageq, eEnerygy;, ((gf’ g;ﬁconf% (gf’ géuconf))7 (mgmit7 mg)ref)). (47)

‘O0000000O0O0OOoo3)00000000D00000000000ooooaos)oon
oood
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4.2.3 0O000OO0O0OO0OOO

000000000000 00bOO010000ob00ob0oo0oooDooOobooooo
DDDDIDDDDDDDDDDDDcf()DDDDDDDDDDDDDDDDDC]"(Q;)
oogd g;fDDDDDDDDDD 1000000000000ef)DODOOOODODO
Uenergyd 00y

424 0O000O0O0O0O0OO0

bbb, U0boogbbbooobbooobobooboboooboogbn
gogobbobbobootododoooooooobobboooliobbooo1ioboon
gooo

(1)00000
(2)00
(3)0000/0000

0D0000000000000000420000000000000000000
0000000000 mate choied 00 00000000000000000000O
0000000000000 Omatingd 00000000000000000000
0 imitationD 0 000 0000000000000 ereationd 000010000000
0000000000 1fage) 000000 Lyfage] 0000000 Lyfage) 00000
000000000000

0000000000000000

000000 mate choice

O0q 000000 NODODOOOOOOODbOobOoobobouobooooooboon
Og;0000000000000000 QfDmfrefDDDDDDDDDDDDD a; 0
g gjt-Dm;m“DDDDDDDDD p;0000000

Py =w; H(GY,GY) +wy H(ml™ mbrait). (4.8)

O000H(A,B)D 2000000 AUBOOUOOODODODOOOOODOw,0w,00
oobodoodooibd o, 00b0di ;00000000 dgoooooodon
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Action start Action start
mae a; femade a;

- mate choice |
- waiting; > 0 Yes ' '
| No v ! v :
- mating |
: ,, : |
: No '
: v : Yes v !
: imitation creation | imatation creation

042 0000000000000

ooobbboodtb ;00F,00000000 ;000000000 O0O0OO0O
00dbbb0 00000000 ;00000000000 waiting;DOO00O00O0
U O O matingl

U0e 0000 ;000000000000000 DO000000 00
ggboboogooo

CLl(Se.fCl, 07 ENErgypv, (ngrait, glpTef)7 (mtDT(‘l/itJ mgéf)> (49)
gooog

(g7, ™) = (mut(er(gi7*, 7)), mut(er(g?™ 7). (4.10)
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U000 000 sery UOOODOOOO0OO0OO0OO age, I 0000 0energy, 10O
DDDDDDDDDenergyDVDDDDDDDD(gfm“Dgf”ef)DDD (41000000
O0000000000000000mut(A)D000D ADODOOOOOO000O
0000000000000 er(A,B)0 2000000 ADBOOODOOOOOOO
gdddddooououoogggo (mfm”,mfref)DDDDDDDDDDDDDDD
(mipet mPeOoo00o

DDDDDajDDDDDDDDDDDDDDDDCJ‘?”SDDDDDDDDDDDDDD
O = ™ (ef(G) + ef (mlreit)) + 1. (4.11)

gbobbooogbbbuooobbboodobbboooobbbooooboo
goboboooobboooobobod

O0eq0 100000 1000000000000000 ;0000000000
goobooooodobooonobodooddn waiting; DOO0000O0F;00
gbobbooggbbobuooobbbooobobboooobbobooaooboo
gbobobooggbbobugoobbbogoboboboooobobooooboo
oboobboobbooboobuooliboobboobboobooboboob
goo

O 000 O emetation]

000000000000000 6000000 ¢ —1000000 ¢ =10
000 e, 0000 m}‘f“”DDDDDDDDDDD 4300 000000000000
0o0ooooooo MOOOOOoOoOooOoOOooooboOooooooooooooao
doboooooooooooooooooooboooooooooobooooonod
000000000 m 0000000000 mfrefDDDDDD

;00000 @ 00000 1000000000000 000000 CiimtDDD
doooooooon

C’-imt:{ a?mt(cf(gf)—|—cf(m§mit))—|—1 (if sex; = male)

' A" e f (GP) 4 ef(mP ) + 1 (if sex; = female)
0oodobodoooooooooooonooboooooonoooooooooon
DDDDDDDDDCZWDDDDDDDDaiDDDDDDDDDDDDDDDDDD
goooooooooooooonooooooooon

(4.12)
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Agentay,

[male] [agei]| [energys

.

Female

O Male

Imitating female
@ Imitating target

@ Imitating male

Imitation

] [ energy; ]

con,
—

—+ Matechoice
..... » Selecting imitating target

(a) Selecting imitating target (b) Imitation

043: 000000000000 (0000 ;00000 ;00000 (b)d

U 0004 ereationd

0000000000000000000000000000000000000
000000¢" =onoooooo¢gre =o0000000000100000
00000000000 100000000000000000000000000
00000000000000000000000000000000
;0000010000000000000000000C* 000000000
oooo

ot { o (e f(GL) + ¢ (mireit)) + 1 (if sex; = male)

at(cf(GP) + cf (ml ) + 1 (if sex; = female) (4.13)

gbogbuooobuoobuooboobooboobooboobooboobod
gbooboobob ;0000000 00Db00ODO0ODOO0OLO0ObO0On

4.3 U0

4.3.1 0O0O0O0O

gogbbobuoooobboooobobuooobobbooooboboboooooboon
gogobboboboooooobobobboooooobobbooooooboooobo
0000000000 Ly,=Ly=>5[agel0 000000 50000006'06P0mM 0
mPre/ 0000000000 100000000¢"0g¢rre/00000000000000
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U41: 0000000000

00| OO | OO |ooooo*
(1) |00/000 |0D0/000 || 5.35+2.29
(2) | DODOO |0D0O/000 || 5.25+2.23
(3) | D0DODO |0DO0/000 || 2.55+1.60
(4) |oo/ooo | oooo 0.00 & 0.00
(5) | DoOOO 0000 0.00 & 0.00
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function name ” modality | epistasis

Schwefel 1.2 || unimodal high
Rosenbrock || unimodal high

Griewank || multimodal | medium

Schwefel || multimodal | nothing

Rastrigin || multimodal | nothing
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