Jo00b00oo0oooOoOooooooobooon © 2005
Transactions of the Operations Research
Society of Japan
2005 0 48 O 48-65

gbogboobobobobbobooboobuoobooboobo

oo oo oo o
oooono

(00O 20040 90 280;000 20050 50 60)

ooboo O0OoboooboooooobobooobooobOooobOoOoobobOOooobooOooboooobooobo
gobooobooooooooooooooooooobooobooobooboooooobooobooboOobooboOobo
ooboooobooooobooobooooboooboooo0oobooooooboobooboOooooboooboboObo
obobooobooooooooboobbooobooobooooboooooobooobooOoboooooobooobn
obooboooooobOoobooobooboobooboooooooboooobooOooobooooDboOobo
bobooboooboooooboooboobooobooboooooobooooooboooooooooooobn
goboooboooobooooboooboboboobogobooobooooooooboobobooooooooboooboboOobo
oooo

gboodgbo:ooboboboboobobbobogo,bgoboobooboobooooboooo
ooooooog

1.0000

OOobooboooobooboooboovIROODOOOoOoOOooOOooOOoboooooooobooDo
gboogobobobogbbooboobbuoobboobooooobooboogn
gooobooboooobobobobobobobobobobboboboboboboon
gbouogbboobuooobbobobuogoboobbogboobboobooboboon
O000000000000000000000 [12,20]0000000000D0DODODODOO
00000000000 000o0o0o0O0000ooooooooooooOoOoooo o
obobobobooooboboboboboobuoboboboooboboobobon
O0D00OITOOODO0ODOOO0OO0O00O0O000DDOOM Winner-Takes-AllDOOOOOO
O000000000000O0000ooO 20
ggodooooooooobobbbbbbbbbodooooooooooooon
googooboooobobbbbbbbodidddddooooooooobobooooboo
gbogobbbuguboooobuoobbuobboobboooobooboboonn
gboobobodgbbogobogobuoobbuobuogbbogboooboobboooon
O000000000000000000000000000000O0000 2200000
gobbogouogobogboobbogboobboobogoboobooooon
0000000000000 00000000 [23j00000000000000000O0
gboobogobugooooobuoobbuoobboobooobouoobooboonoon
gbobobouooooboo
ygodooooooooooobboooouuuduuuduuooooooon
gbogbbogbuoobbuooboobboobuooboooboobbooboonn



gbobooboobooooobooooboooooog 49

OO00o0O0bO0o0O0oO0obOOo0oo0oOooOo0oo0obODoOooOOobOoobooboooooo
ooooOoobooooobooooboOoooboobooboobobboobobobooDboo
0000000 (3,13,38)00000000000000000OO000O00OOOOOO0O
Op2L,000000000000000000000O0O0O0OODOODOOODODOOOO
Ooo00o0oooooOboOoobOOooO0OooboDoOoo0oobobOobDoboOogoooooooo
O0000000000000O0000 4000000000000 00DOOOoOoOooOoOO
Oo0o00o0ooooo0ooboooooboo0oobooooobooboooooooooooo
oooooboooooooboooooooooooooooooboooooooooooo
Oo0O000o0o0obOoOoooboogo

oooooooooooooboooooooobobobooooooDboboooooDbooo
Oo0o00o0opoooooooOoo0ooooobooooOo0oUooboo0ogoooooooo
ooooooooooooooboooooboooooobDooooboooooooooooo
Oo0o000ooooo0oO0Ooooooo0obOObO0o0oobooooooooopoboogoo
oooooooooooooobooooooooooooooooooooboooooooo
Oo0o00o0ooOoOoOo0OoooooOooooobooooDoOo0oboDoOo0oOooooooOooo
oooooooooooooooooo0oooooboo0ooooboobooooobooooo
Oo0o00o0ooooDOo0ooobooO0oobooboo0oOoobooboOoooooooooOooo
OoooOoO0oooOo0o0ooOOooboboooboOoooooooo

O00O0O00OAxelrod[4] 0 Epstein[11|0 000000 [31,32) 000000000 0OO0O
oooooboobooobooboooooooobDOobobOobOooobooooDoOobDboOoDboo
Ooo0o0doooooboo0o0oooooo0oooooboooooogoooooooo
ooooooooooobooooooooobobobooooobooobooOoooobooooo
O00000000D0OD0O0O00O0000 (B)Dooooooooooooooooooog
0000000000000 0000 [34]000000000000000000O0O0
0000000000000 0O0O00000000O0O000000000000 [33-35100
Oooooooboooboooooooboooooobooboooooboobooooooboooooo
OoO0O0oOo00obOOo00oDOoOoobo0oobbooooo

0000d0o0oDooOo000o0o0oooooodoo0goooDoooOoooooDooO
Ooooo0ooooOooobooooboo0oooooDooo0obooooooDoooooDo
O00000000000ORegulard 00 ORandom O O O OSmall World O O O OScale Free
ooo040000000000000O000O0DOOOOODODOOOODODOOOOOO
O000000oOoo0000ooooo00oooOoo00ooooooogoooOooo
oooooobUooboo0oooboooDoOoobooooobDOoboboOoboooobobOoDboo
0000000000000 0000DOOO0000oooDODoOoO0ooooDoooOooooOooo
OoOoooo0ooOoOooo0oobooboooo0oobo0oobOoobDbo0oobOoobboOooDo
000000000000 0DOO000O00O00Do0ooO0oooDoooOoooooDoo
Ooooobo0oooboooooooo0ooooobooooooboooobboooooDo
Oo0000O0O0000OOO000ooooo0oooDooOoooooO0gooooooo
Oooooooobo0o0obooooOooboboooboooooOoboboOooDbboOooDo

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



50 ogoogno

2. 00000000000
gboogobobobogbbogboobuoobboobobooboooboooboonon
gboogoogbogobodgbbodboouoboboobobuoobboobooon
gbobobouoogobbodd
e DU UODLDOODLUOODODDLOOUODOLODLOODLOODLOODLOODOODOD
e JUUDUDLUODLODLOLDDLDODLULDLODLOLDOODLObLDLOODLDbLODLODLUOO
goo
e HDUDDOODODDLODOUODLODLOODODOODODOODLOODLODLOO
e JUUUODLDOUOUOLDDLDUOUDLDOUOOUDLDUOODDLDULOULDLDbDUOUOO
oogd
e OUUUOODLDULOUODLDDLDLDUUOUOLDDLDUOOLDLDOULbOULOUODLDbLbOOOO
gbbbooggbbbuooobbodao

gbobooboobbgoobooobuoobbooboobooboobbobbod
0000000000000 00000000000000000000O0O0 (2527000
gobobobobooobobooboobobobobooooooboboboboon
000000000000 0000000000000o0o0O0Oooooooog Bboog
goobooogbobobboobobobuoboboboooboooubobobobon
0000000000000 00ooooooOo [14,19,30,41,42)0

gboboboooboobobobobuobooboboboboobbobobod
OO0b0oo0o0ooboboooogooovTRO DvDOOOooOoSOOoooooooooDO
goobobobbobobobobobobobobobobobuoboobobbon
ooodbobogbooooboobobobooooboboboboboboboboo
gboobobgobooobobobobobboobobobooobboboboobn
ooooooobobobobobobooboooooooboboboboboboo
gboobobouoboboboobobobbobobobobuoboooobobobob
oboboboobooobooboobuooboboboboobooo

gbogbuoobgobobobobbobooboobuooboobobbob

21. 0000000000

000000000000 N={1,2,...,2,}000000000000000000000C
000040,;000000000000000 Ly €{0,1},i,j€N,L;=L;00000
00000L;0000040,j000000000000000000000010000
00000000000 000000000000000000000000000000
000000000000 NCN\{}000000000000

N;000000000000000000000000000000000000000
00000000000000000000000000000

0000000000000000000000000000000000000000
w; 000000

(2.2)

Y1 =0 otherwise

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 51

subject to Y | w; =1
JEN;
gboodbbooobodobobboogbooboboooobbaobobbooabbodaon
gboobdgbgbobobuboooobobouobooobobobobobooobooban
gobdboubodobdabdoobil1gbdbodbodidw,; 0000000000000
gboboboobooboobgd

22. 00000000000 obOboooOon

000000000O0O0O0o0oo0o00:000000000 k000000 OOOOOOOO
O0000000000000000000000000000000000000 Ug(t)DO
000000000000 00ooO00ooo0o0ooo0 Rp()DoOOoUooooOOoooOo
O0000D000D0 A, 000000000000 00D00D0000000DO00DO0A,;00
ODdoodoooodooodouooodooooooooooooooooooooon
O0000000000D A,0D000D000D000D00D0O00D000DO0D0O00DO000n
ODoooooooooodoooodoooooodooooooogoooooooon
000000000000 00O0000000000000000000O00O00O00 A;0
Ddoodooooboooodoooooooooooodoooooooooodgo
O0o0oooooooooooooooooooooooooooooooooooon
gddooddooodoooooooooooooooonon
gooooooooooooooootsrooooooooooooo-.-000o0o0ooon
k00000000 Uy(t) 0000000000000
a; if 7 has platform k (2.3)

0 otherwise

Un(t) = {

000000000, 0000000000400000000000 k0000000
00000000000000000000000000000000000000000
000000
000000000000000000 Rx()DDOODOD0 Uy(t)00D0O0D0O00O00O
0000000000 j00000000000000, (0000000000000
000
Rie(t) = Un(t) + Y. (D) (2.4)
JEN\{i}
000000000 ;00000400000000000004,#)0040,;0000
0000000000000000000000000000000 3000000000
000

k(t) - wij
() D Wis - Wa
z€N\{3,5}
+ Up(t) - Y Wig - Way - wy, (2.5)

z,yeN\{i,j}x#y

yfk(t) =
+

S~

gbbobougbobbudgdlbddn—-100000000000O0O0O0O0OODOOODODO
gboogobodb3gbboobuobbuooboobboobuoobobuoobooon

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



52 ogoogno

;

//

O 1: RegluarO OO O 2: Random OO O O 3: Small World O 0O 4: Scale Free O O
00 00 oood 000

0000000300000000000000R,(t) 00000000000 0O0O0O K
goobobobobobobobobobobuobobooobbbooooobobon
Oo0000O0000O0o00ooOoO0ooOoobooO0 A;,00o000bbo0obbogoooobooo
oboo.0000000
googboogbogboooboobobuoobbobooboooboobooboon
obbodoobuoobbooobboobobboobbuooobbuooobbooon
gbbod:tgbboodbobuooobbugbuoobbuooobboobboboonon
gobobobobooooobobooobboooboboboboboboobobon
gbbogbbuogdboobbobobob+¢:obooobboobbooobboonn
gbobogbbogboobbuouoobbobuogboobobuoobooboboobooon
gbobbuoogobbbuooobbboooobbbuooobbobooobbobooo

3. 0000000000000

goboboboboooooobobobobobobobooboooobobobon
gboogobuogbbugbuobobuobboobboobooboooobobbaban
goooobobobobobobobobobuoboobobooobobobobon
0000000000000 0000000000000000DO0OO0O 3900000000
gboogobuodgbbbogobuogbboobboobooboobuoobbogbon
gbogbobuodbooboboobboobuobbouobbogboboboobooon
gbobogobugbbogbooboobuoobobobuogbooobooboobooon
gbubbodgbbodbooobuoobbuoobboobobobbboooboonn
goggdboodbboobooooobboobboobboobbuoobobboooo
gbobboogobbbuoooobbouooobobbouooobbo

goboogbbuogobooobuogbobobuooobogoboooboboobobo
gbogbobuodgbbogboobboooboboobbudoboooboboobooon
gboboogobogbuoobbogbbuoobbodbbobodgbbuoobooobobon
gbogbbogboobbuodoboobbuodoboobbuodoobobuoobooboon
gboogogobouogobodgbbooobuogbbuodgbboo400bboobooon
gbogudbboogbooobuodabboobbobobuoobbuooboboobooon
gogobooboboboboobobbbbbbodddddooooooooooooboboboboobooo
gbobbuoogobboooobbbdao

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 53

3.1. Regular 00 0

Regular OO O OO0 Regl DO DOODOOODOODOODODOOOOO rObOobOOOOODO
gbobogdgobobogobbuoogbboogbboogb 1booobobooogo
O0bo0bo0obOobOob ReghODODODOUDOODODOODOOOODODOODO
gbobodgbgob3ggbuoboodbboobbuoobbuognobobbooban
DbOoboobooboobobbobosnbddbUdOReg 0D O0ODOODOODOODO
oboobooooboooboobuoobooboobobobobobooobOooVTIRO
O000000000000000000 [18]0

3.2. Random O OO

RandomOUOO0O0OO RanD O OO0OOO0O0O0OOO0OOODOOODOOODOOOOODLOOODOO
gboboogbboodgbboodgbbboooboboobbobob2b00obboogn
gboogboboboboboooobobobobobobobooobbobobon
gboogobuogbbogbboobobooobooobuogboboobooboon
OO0 RanOUOOD0OOODOReg OO 3000000 DOOO0DODOOODOODOOODOOODOO
O0000000000000000000Ran000O0O00OO00ODODOO [3,13,21)0

3.3. Small World O O O

Small WorldOOOODOO SWOOUORegD RanO OO0 0ODOO0OO0DODOOOODOOODOO
OO000o00boobobod Reghbbgbobobobooooooboboobobon
gboboboooboboobob3tbooooboboobobobooboboon
ooooobobobobobobobboboboboboboooooobobooon
O00000000000000000000000 [16,17100 “weak tie”0D 000000
OO00O0000o0ooooboooooooooooooooosSswoObooDboDbonD weak
teJ 0000000000000 DO*O0O0O000O0O00O0O0O0O0O [26,3600000000
OOoboooobooobooboobooboooooooswoooooooboooboooolo
oogd

3.4. Scale Free O O

Scale Free 00 00O O0O SFOOOODOOOOOOOOOOOOOOOO 000 P(r)00O
O0000000P(r)~r 00000000000 OOD4000000000SFOODO
oobooobbooboooobboooboooboboobbuooobbooobbooo
gooboboboboboooobooboboooobobobobobobobon
ooobobobobobuoooooboobobuoboooooboobobobobon
gboboobooboobobooboosbobooboobooboboob 3n0b
ooooobobooboboo
gobooobooobooobboobbuooobooobboobbuooobod
0000000000000 (1500000000000 00000O0000oDoOoOoOg
goobobobobobobobooobboboboboboooboobobobon
oobdoboboboobooooobobobobobboboboooobobooboo
0000000000000 000000O0O00Do0oOoOOOo0DOoOooO |[gooo[7joo
OOoOoSrO0000oo0ooooboooobooboooobooDyoooooD 230WWWOO

*JopodbooooobobooooooboboboooboobooboooobooboobobooboobobbOooDoo
gboooboobooboobobboobbooboobooboboboobooboon

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



54 ogoogno

y=2300000000~y=4000000000000000000b000000000
ObO~r000000030000000000000O0000OO0DLOODDOODOODOODO
gboboboooobobooboogon

3.5. 000000booooon

gbogbouogbubooobboobbogboobbudoboooboobbbooon
gogoboobobbbobobobbbbbbotbddodooooooooooobbboboobooo
gbogobbobudgbboobobbuobbuoobbooboooboobbobon
gobbooodgboboboooooboobbuoogobobuooooooboooooooo
O00000000000000000000000000 200000000 [0)JDDODOO
goboboogobbbooogbbobooooboo

C:%Zpi (3.1)

iEN
= 3 Ly /INi| x|N;—1] (3.2)
z,yEN;,x#y

gl1oddoooooooooooooooodoooooooooooooooogn
RegO SWOOODOODODODODODODDODODOODODDOODODOOOODODOORanO SFODOOO
000000000000 00000000000000000000000Regd SWQO
Oo0oooooboooooouooboobooobooooooooooooboooboodRan
OSrO000O0000O0Oo0ooooo00ooooOo0oooOobo0oooo0booooooooon
O00o0o000ooooooooooooooooooooooooooooooooogn

gddoododooodoooooooooodoooooooooonn

U 1. gbbbuggoboboogn

oonO Reg Ran SW SF
C 0.600 0.040 0.568 0.033

4. 00000000

00000000000000000020000000000000000000000
000000000000 00000000000000000000000000000
0000000000000000000000000000000
0000000000 »=1000000000000000000000000000
0000000000000 000000000000000000000000 o010
a ~ N(3,1),k=1,2000000000000000000003000100000
00000000000 w,0000000000000000000001000000
0000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000
000000000 A0 A ~1(0,An,) 0000000000000000a,;0000
03000000000000000000000 ¢g0000 A,00000 Ape =3g0
0000000000000000000¢000 1.003.00000 0200000000

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 55

gboogboobouobobooobboobbuoobbuoooboooobobbooooboon
obobbloboobobbobooboon
goodbooobogbboooobooboobbodboobuoobbooboon
000000 290 0000000000000 0ODO0000 2500000000000
gboogoubodbuogbbodgboobbuooboobbooboobboobooon
gbooboboboobooobobobbobooboooobooboooboooobon
gbobogbbogboobbuooboobboboobooobuoobobouobooon
0A000000000000D0OC2000000000000100OOD00000DOOO
gbogboodbbodgbbogbboogboooboobooobooooboboe.e2c20bgn
00500 050000000000 0O000O00O00OO0ODOO
4.1. 0000

gsiedudpobobuougdobbooogobboooonooboooouoanobon
ooobobobobogbobboobobobooboboboboobobobon
gbobbooobobbuoooobbbuoooboboboooobbboogsouooobon
obooobog
obOobDOoboob0bOdObDRanO SFOOODODOOOOODODODODOOOOODOO
OO0 SWORegOODOOOODODOOODODOOODOODOOODOOOODOOOOO
gbobobgguboobobboboudboobobboboobuogbonoobobo
OO000000000000O00DO00000RanOSFOOODOODOODOOOSWO
RegOUOOOOOOoOooooboboboboboobooboboboboboobob
O000000D00ORanO SFOODDOOOOOOOOOODOOOOOOODOSWO Reg
gbobooboogooboboooaoobo
OO0ooooDOooDoOOo00ooobOoOb0o0bDObO0o00oDOOReg SWOOO
gooooobbobbbbobobbbbbiuodoooooooooooobooboobooboo
goobobobobobobobbobobobobooooboboboooboogn
gboogobuogobuogbboobobooboboboouooobaoooobooonon
OO0000b0b0bOobobO0o0ob0dweaktielOODODOOOO0OOO0OO0DOODODOO
gboogbobogbbogboobboobbobooobbogbooboboobban
OO0b000O0OweaktieDODOOODOO0ODOOODOOOOOOOODODOOODOOODOOODOO
A, 000000000000 0DOO00DOO0DOOU0O0U0DOOODOOOObOOOOOODOO
gboboboboboooboboboboboboobobobobobobooboobon
gboogbobogbbogboobbuooboobodgboobboobboooooon
obobboboobooboobuoobooboobob
U0DRanJOpooooboboobobooboboobbobbooobbooobbon
gbooobobobobobobobooooboboobobobobobobobob
gboogbbogboobbuoobboogboboobbogboobboobooon
O0OReg SWODOOOODDOODOOOOODOODOOODODODODODOOODODOOO
gboboboogobbbooogbboboooob
gobuogoodbogobooboobbuogbuooboooobuoggbbbooboon
OO0O0O0ORanOO 160SFOD 14000000000 00DOO00OO000DOgODOOODOO
gbobogdbogboogbbooobboobobboobuogbbuoobobooboon
obooboboooopooboboooobobuobdbgb0bO0bO0ObOb0O Ran

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



56 ogoogno

o)
©
C
9
(2]
2
!‘_c:)
1 : , | |
Reg ——
S SW X
0.9 [3_""""Er R Ran ---%---
© o B X SF 8-
S 08 -
7
o N
=<
@
S
05 ! I | 1
1 1.4 1.8 2.2 2.6 3

06 00b0oobogon

OOobOoOoSrFO00oOooooooooSFooobOoooobooooooboooooooo
obodbgu0bbOoobbOoobbooobooobboobobooobboon
Ooobobobobbgb0b0ObOob0 RenOooobobobooooobobOon
oboboboobooboobgd
4.2. 000000000000
gboogbobougbobogboobbogbogoobobogboobboobooon
gooboboobobobobobobooboboboboobobooooobobon
gboogoobogbbooobuoobooboobobuoobboobobobbooboonn
oboboboobooboobogd
googbogbooobouogboobboobooboboobbooboboobooboon
gbooboobobobobbobuoboboooboboboboboboobobbon
00000000 0DOo00ADODO0O0DOO0ODOO0ODODOODOOODpODOODDOODDOOO
gboobobbobobobobooboobobobobobobobooobobon
0k, O0OOOOODOODOOODOOOOOOOO k.0 (10+p)0000000 1000

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 57

gbobobooooon

gbobgoboooobbobobobooobobobugbobobobobobo
gbobobooogbbobuooogbobobuooogboobobogsobbbuooanobo
gboobuooboobuoobuooboobobobbobboobooboobooboon
gobobbobobbgUpudoooogiloobooooooobbbboodoooood b0
oobooboooob psobooouoboon k00000000000 WOOO0DO0OO
oot pooooooooooouooooooooouooooooooooon
oboobon

oog = Y Wi/ > wi-1 (4.1)
ooood = > DI/> Df—-1 (4.2)
0000 = 1-Y LI/> L (4.3)

W¢, D, L5000 0000000000000 p=00000000000000000O0O
gbobboogobboooobbobugooboboooobboogsobbbooonbo
gboogobboobbodgbobobbuoobboobuoobbogboboobooon
gbbogogbobuodgbbodgbobboboobboobobuoobboobooboooon
gbobbuoooobbbuoobbbooogbobobuago
grobobdpuoodbobbogobboobuooobboogbobooobboon
gbuoogbobodbuoobbobobuoboobbogboobbooboobboon
gboogbobggoe7rt 033000 p=20000000000000000 1800000
gbogbbbgbbobuodgbboobboobuoobobuoobbuoobbooboonon
OO0O000O0O00O0O0RegOODOOODOODO
gsbuguobugbobuogobogppbbooobbooobbogboobogbob
gbobogobuodbbooobooobboobuoobboobuoooogoobooboooon
gbogbobudgboobobuoobbouobboobuoobbooobboobooon
OO0D0000bOos00b00b00ob0oubD g00Db0O00O0ODO0DORegD SWO Ran O
OO0pU20000000000D000D00OO0OODOOO0ODOOOSFODODOOODO
gbbgooobuogoboobobuoobbuoobbogbbogbooooboooobon
gbodgbbogbuobugbboobuoobobboobuooboooboobooon
goooo
gobobobbbobooouououbbbtupuooooooooooobbbbbbo
kEr.O0O0bOoooboooooooooooboooooooooooooobooooood
gboogolouobbudgbdbboooboouobbuogbbogboooboonn
Ooobobooboboboboobo0otdRanO0 pO 2040000000000O00O00O00O0OO
gbogougobudgbboobboobobbuoobbooboobobooboboonn
OO00o0ob0obo0o0oobooo0oboboooogoosrobobOoboboobOooDoDOoDO
OobooooOobooSrFOoooooooobooooooboooobbooooboooooDo
gogoboobobbbobobobbotbotoddddooooooooooooobbobobooboobo
OObO0o0g8DUbUOl pO0OOOOReg SWO 60Rand 8OSFO 100000000
gobbobuogggoooluoooobbobbouoooooobbobbouooooboo

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



58

300

N
o
o

100

Total Effect (%)

0 4 8 12 16 20

—
o
o

B (2] (o]
o o o

Diffusion Effect (%)
3

—
o
o

o]
o

Competition Effect (%)
3

o gbbbogooboboogon

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 59

oood

gbobobobboboboboboboboboboboobooooooooobo
oooooooodooooobooooobooooooo k0000000000000
obobboobooboobod

43. 000000000000

gbobogobdugbbouogobodbooobuoobboobobbooboboooon
gbogbobuogbgbboobboboboboouoobooobuoobboobooon
gbogbogbogbobodgbbooboobobuogbbodboooobbooooon
Oo0O0000000000000oooooooO00o0o0 k. ooooooooooo
godboogobugoobboobbooboobbuooboouobboobooon
goobboboboboboobobooboooobobobobobobbobon
gbobogbobuodboooboobbbuoobboobuoobbogbooobbooon
goobobobobobobuooboobobobobobo20000b00b0bOon
gboboboooobbooooboon
gbgbgoobogbobooboboobobooboboobobbstogbobod
O000000000000px(1—-s)00000000000ODOOOO0OODOOOOOO
gbobobuooboboobobboobobobdiobypxsdbooooboboon
gbobogbobuodgboooobobobbuoobboobuoobbogboooobooon
Oooooo kg, 0O000b0oooooooooooooooooocoooooogon
gbobbooogbbobbooooobbbooooobobuoooooobooooboobo
Oooooooodoooood k. 00000000000000000000000
gbobbobuogbobuodgboooboobbuoobobobuoouobboobooon
gbobooboboobobgobobbyp=1000000s0O 00010001000
gbboogboboodbboodibs=100000000bb0000oboooanbo
obobbooboloobgoboobobboboobooboobon
gbboggiloboobbb1nnoobbood 1i20000b000bo0booboon
gbobobdgsgbobooboboobobuoboobobooboboboooon
gbobbobuoogobobbuoooobbobboooooobobbooogobobboogo
RegO SWOOOUOODOOODOOODOSFOOOODOOOODODOOOOODOOOORanO
gobboooobbobuooooboboodan
O1noooogosroooboooooobooooooboooobobooooDooooo
gbouogbogbbdibUs=000000000000000000000O0s=10000
gbooboboboboooobobobobouo20b0b0obobooobobon
UpOd10000000000000OO0O0000OOOOO0O0O0O0OOOObOO000nDoDn
OooooooooOooosFrOOoO0OobOOO0OoDOOoOoOoOoOoOoboboOoobboOooDobOoo
gobobooogobobooooobbbuoooobobobuoooooobooooooboo
SFOOOOO0OO P(r)~r200000000000000000000O0O0O0OODOO0
gboogbbogboobuobobodboobobooobobooboobboobooon
O0oo0oboobobobobobobobobuobboobooooooobOobOoOORegh
RanOSWOODOODOOOOOOODOODLD3OO00OOOOOo0ooooooobooboooogo
OO0000000b00b0o0b0o0b0o0b0o0obDbo00oDOooboOOoDO Regd SW
gboobogbuogbbodbuoobbogboobobbooboobboobooon

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



60

ogoogno
200_ T T T T
<
3
am
S a)
E
=
S
3
am
Sa)
=
h=
72}
<
A
0 1 | | 1
0 0.2 0.4 0.6 0.8 1
S
100

Competition Effect (%)
3

40

U 12 0000000000000

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 61

gbobbooogbbbooggbboboooobobuoooobboogad

OO0 Reg SWOOOsOOOOOOOOOOOOOOOOOOOOOOODOO k.00
gboogbobogbbogboobbobuoobbodgbooboboboobobooon
O0O000O0O0000000D00120000000000000 Reg SWOODOOOO
gbogudbboogboogobuoobbogboooboooooboobobooon
gooooooooooobobobobobobob0obobobobobobobon
OO00O00b0o00o0obo0obooobbobo0obooooobodReg SWODOODOO
goobobobobboboboboboboboboboboboboobobobon
gboogbobogbboboobbooobuoobbogobooobuoobboobooon
gboobogbboboobbobooooobobobobobobobooobobobon
gbobobooogoboboogobbbooogoobooo

OO0ORanO 00000000 DODOOOOODOOODOODOOODOODOOOODOOO
OO0000000000DbO0bD0O0O0ob0OweaktieODODODOODOOOOOOOOOO
OO0000b000000RanO00OO0OO0O0O00O0O0O0DOOODOODOOODOOODOOODO
gboogbbogboobbuooboobboobogobooboobboobooon
obobbooboobooboobooboboboooo

5. 000

goooooboboobbobbbbbtbouoddddogooooooooooobooon
goobobooobgoboogoooboboboo40bo0obobobobobon
gboogobuogbooboobbuoobbuoobboobobbbboboooboonon
gboobgbobobobobobooooooboboobobbobobobbobon
gboogobuogbboobbooboobbuoobbuoobobobobboboooon
gbobgbobobobuobooboboboboboboooboboboobobon
gbobogbobooobuoooobbuoobooobuoobbooboobboobooon
O0O0O0O0O0O0O0ORegO SWOOODOOOODODOOOOOODODOOOODODOOOO
OoooboobosrOobooboooooooobobobooooogooDooDooDooDo
goooooooooooooobobobobobobbobobobobobobob
goboboooobbooooooboo

gboboboobobuoooboobobobouoooobobooboboooood
gboogbboobooboobobogboobbbodgboobbooboobboon
goooooooboboboboboboboboboooooooobobobobon
gboogbobuodboooboobboobuoobboobogbbooooobooon
goobogbobobobbbobobooobobobobooboooobobobon
gbouogbboobuooboobbodbuoobboodboobbooboobboon
gbbogdbogboobbugbbuogbobuooboboooboobboboooobonon
gbboogdbboodgbboobboobuogbubobooooobobouobuoobboonn
gbobogobuodgboobogbobobobuoobbooboobogbooboboobooon
gbgbodboogbuogobuoobboooboobbooboboobbooboboonn
gbobogbbogbogbbuodobbogboobobobuogboobobuoobooon
gbouogbboobuooboobbodgbuoobbogboobbboobooboboon
gboogbbodgbbogobobboobboobobbuodbboobooobbobooon

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



62 ogoogno

gboogbbogboobbooboobboobooobuoobooboobobooboon
0000000000000 000000000O0OO00D0OooOooOOOO [6,9,24,370
gbouogbboobodgbuooooboobboobogbbobobooboobboon
ooogo

gobodgbbbboobobuogbboobbooboobboobobbooboon
obooboboboboboboboboobbobbobooboobooboobooobg
gboobodboboogboogbbodboobobuoobbobooboboobooooon
gboobobobobobuooooobobobobobobobobboboboogn
0000000000000 00000D00000O00000 AxelrodO0O0OO KISSOO
O0000000000O0O0O0O0OO [4,31,32]000000000000000000000
gbobogbobuodbooobooobobuoboobuoobbooboobboobooon
goooooooooooooobbobobobobobobobobobobobon
goboboooobbooooooboo

gooo

[1] W.B. Arthur: Positive feedbacks in the economy. Scientific American, 262 (1990),
92-99.

[2] W.B. Arthur: Increasing returns and the new world of business. Harvard Business
Review, July-Aug (1996).

[3] W.B. Arthur and D.A. Lane: Information contagion. Structural Change and Economic
Dynamics, 4-1 (1993), 81-104.

4 000000000000 ODoOOOOQ0 00: 00oooooo (coooooo,
2003).

[5] R. Axtell: Why agents? on the varied motivations for agent computing in the social
science. Center on Social and Economic Dynamics Working Paper, 17 (2000).
6) J0D0D0000000000O0 OD000O0 O0DDO0O0O0O00D00O (NHKOO, 2002).
[7] A.L. Barabasi: LINKED: The New Science of Networks (Perseus Publishing, 1st edi-
tion, 2002).
[8] A.L. Barabdsi and R. Albert: Emergence of scaling in random networks. Science, 286
(1999), 509-512.
9 00000000 O0ODO0O00 000000 ooooooo (oo, 2005).
[10] H. Ebel, J. Davidsen, and S. Bornholdt: Dynamics of social networks. Complezity, 8
(2002), 24-27.
[11] J.M. Epstein and R. Axtell: Growing artificial societies (The Brookings Institution,
1996).
[12] J. Farrell and G. Saloner: Standardization, compatibility and innovation. Rand Journal
of Economics, 16-1 (1985), 70-83.
[13] J.K. Frels, D. Heisler, and J.A. Reggia: Standard-scope: an agent-based model of

adoption with incomplete information and nework externalities. Proceedings of 3rd In-
ternational Workshop on CIEF (2003), 1219-1222.

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



[14]

[15]
[16]

[17]

[18]

23]

[31]
[32]
[33]

[34]
[35]

gbobooboobooooobooooboooooog 63

gooboo,bboo,bbobb: gggboobbouoooobbbbodooooon
O0000.00000000000000000000 (2002).

M. Gladwell: The Tipping Point (Little Brown, New York, 2000).

M.S. Granovetter: The strength of weak ties. America Journal of Sociology, 78 (1973),
1360-1380.

M.S. Granovetter: Threshold models of collective behavior. America Journal of Soci-
ology, 83-6 (1978), 1420-1443.

gboo,o0b0,obo0.ogbobooboboobobo viIRoobooooo
00000.0000000000000000000, 42-SIG14 (2001), 73-89.

gboo,0bod:-ooboobooboobobooboobooboboobg
O000000.000000, 119-10 (2000), 65-72.

M.L. Katz and C. Shapiro: Network externalities, competition, and compatibility.
American Economic Reviews, 75 (1985), 424-440.

A. Khalak: Agent-based model for economic impact of free software. Complexity, 8
(2003), 45-55.

S.J. Liebowits and S.E. Margolis: Network externality: an uncommon tragedy. Journal
of Economic Perspectives, 8-2 (1994), 133-150.

S.J. Liebowits and S.E. Margolis: Path dependence, lock-in, and history. Journal of
Low, Economics and Organization, April (1995).

000000000 0000000000000 (00og, 2005).

O000: 0000000000000 (DOoo0O, 1998).

M.E.J. Newman: Models of the small world. Journal of Statistical Physics, 101 (2000),
819-841.

0000000000000: 0000000000000000000 (0000
2002).

D. Phan, S. Pajot, and J.P. Nadal: The monopolist’s market with discrete choices and
network externality revisited: small-worlds, phase transition and avalanches in an ACE

framework. Procedings of the Ninth annual meeting of the Society of Computational
Economics (2003).

E.M. Rogers: Diffusion of Innovation (The Free Press, 3rd edition, 1985).

goob,0obbb,bbbb: gggbobbbuouoogobbbbouoooon
O0000000000.00000000, 21-1 (2002), 113-122.

0000000000000000000000000000000000.0000
0000 15-6 (2000), 966-973.

00000000000000000000KISSOOOO0O0.0000000018-6
(2003), 710-715.
0000000000000000000.000000000000000049-3
(2001).
00000000000000000.000000000000000046-10 (2001).
000000000000000.000000000000000042-9 (2001).

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



64

[36]
[37]
[38]
[39]
[40]
[41]

[42]

ogoogno

D.J. Watts and S. H. Strogatz: Collective dynamics of small-world networks. Nature,
393 (1998), 440-442.

00000000 0000000000 D00oooooooooooooooD (bo
0000000000, 2004).

T. Weitzel, D. Beimborn, and W. Konig: An individual view on cooperation networks.
Proceedings of the 36th Hawaii International Conference on System Science (2003).
T. Weitzel, O. Wendt, and F. Westarp: Reconsidering network effect theory. Proceedings
of the 8th European Conference of Information Systems (2002), 484-491.

O. Wendt and F. Westarp: Determinants of diffusion in network effect markets. SF'B
408 Research Report (2000).
O000,000,0000,0000:0000000000DOO0D0O00O00O0DOOO
O000000oooo.0oooooog, 11-3 (2002), 37-54.
0000,000,0000,0000: 00000000 Winner-Takes-AllO O OO
gddooodoooooooo.ougooououobooooouoooooood
00 (2002).

oo on

oo0ooooboboooonog
gooooooobobooon

oooooooo

0 060-0814 000000 1400900

E-mail: kawamura@complex.eng.hokudai.ac.jp

©OoOO0O0D0ODoDOO0O0OO0OO0OO0000000000 20050 480



gbobooboobooooobooooboooooog 65

ABSTRACT

EVALUATION OF PRESENT STRATEGIES
IN MULTIAGENT PRODUCT MARKET MODEL
WITH NETWORK EXTERNALITY

Hidenori Kawamura Azuma Ohuchi
Hokkaido University

In this paper, we design a multiagent product market model with network externality, and evaluate
the effectiveness of present strategy, which is one of sales promotion like that a sales corporation chooses
customers in a market and gives him/her a product without compensation. The proposed multiagent
model can explicitly involve customers’ interaction network, and we can clarify the relationship between
the effectiveness of network externality and the structure of customers interaction network. The customers
interaction networks we prepared contain 4 types; random, regular, small world, and scale-free. In the
computer simulations, we evaluated the effectiveness of two present strategies; a simple present strategy
and friend present strategy. In the random and small world graph, which are high-clustered networks,
the simple present strategy is effective that a promoter randomly chooses customers who are given the
product. Otherwise, in the regular and scale-free graph, which have network hubs with much links to other
customers, the friend present strategy is effective that a promoter determines presented customers by using
of customer’s relationship like friendship.
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