Jodoooogouoooogo
0o0o0O0o00ooooooo-

ooo o o“f

U O

000 Jackson and Wolinsky (1996) 0 O 0O O connections model O, 0O 0O
00000 tbooobooboooboobooboooobooooo, tbhog
gdo00oO0oO0oO0oO0oO0O0O0O0DOOO200000000000000O0OOOOO
o000, 00doooobooooDbooboooDoooboooooooboon
gl oboobodoobuoobuoobbooboobboobuoubbuooboo
000D000o0o0ooooon0, completeJ 00000, carcdedd O OO0,
starUO0OO0O0O, emptyUOUOOQOOOOODOOO0O0O0O0O0O0OOODOOO
Oo0o0odooooooooooooogog, complete0 00000, star00
gobod, emptydoooooonoooboooboobooboob oo, 0o
Oo0o0oooooooodoooooooooooooooogg, complete 00O
gobodboooboobuoobbooboobboobuoubbuooboo
000000 oOoooOoooooooon

goooo:0oooooboobo, obbooooo, boboboboo, boo
gooooo
JEL OO : D85

0000000000 (20070 60), 00000000 (20070 60), 0000000
000000000070 70)000000000000000000000000,
0000 (@OO00), 000(@O000), 0000 (0000)0000000000
0000000000000000000000000, 0000000000000
00000000000D0O0000, 00000 (@O00000000000000)0
0000000000000000000000000000000000000¢0

00pQO0O0000000000O0000000



ooo o o

goon

o0, obooooboooboboooboooboobooboooboobD, oobooo
goooooboobooooboobooo, ooboobbooboooo, oboooo
goooooboobooo, boobooobooboobbo thbogooboooboooo
gl ooooboobooobooi0oboooboobooboboobooooooboooo
000000 Jackson and Wolinsky (1996) O 00 O O connections model 0, 0000 O
jooobooooobooooobboooooboboon, (obbbooobooboboooo
00000 2000000000000000000000000

O0000000o0oooo0ooooooooood, Jackson and Wolinsky (1996) O
0o, 0o0do0booboobooboobooooboo, oobboobooooooboooo
0 0O Bala and Goyal (2000a) 00 000, Jackson and Wolinsky (1996) OO0 00O O O
goooooboobooboboobobooobooboooboboonoao

Jackson and Wolinsky (1996) 0, 00 0000000000000 O0OOOOOOOOO
000o00o0oo0oDooooo0ooooooooooooonn (pairwise stability) O 0O O
goooooobooobo, obbooboooboobooboboobooooooob, ooo
goooboooooboboobobooboobobDboobobDoobobDoooobOooDoo
g0, gdoboobooobooboobobooobooboboobooboooooao

00 Bala and Goyal (2000) 00O, D000 OOOO00O00OO0OO0OOOOCOOOOOOOOO
goooooboobooobobooboooboobooboboobooooooboooo
00000000ooooooooooooooooo0o00 (one-way flow model) O, OO
0000000000 0dooo0oooooooooooooooooong (two-way flow
mode) 0 2000000000, 0000000000 DOODDOOOOOOOOOOODOO
gooooooooboonoo

00, 0000000000000 000000000000000, Galeotti, Goyal and
Kamphorst (2006) O 0O 0 0O 0O O 0 Galeotti, Goyal and Kamphorst (2006) O, OO 0O OO
gooooobooboooobooboooboobooboboo, boooooboooo
goooooboobooobobooboooboobooboboobooooooboooo
goobooonoao

00, Balaand Goyal (2000b) 0, D0 00OO0OO0COO00O0OO0OO0OO0O0OO0OOOOOOOOO
oooooo, 000bO0dbOO0bOOooOOooD0ooOOooDO0oo0oO @ooooboooogoog



goboboooobooooooooooooooooooooooo

gooooo)ooooooOooOoooOobOobOOo, oooooooooo, oobobOooo
gooooobooboooboob, obhoooboobooboboobooooooboooo
gooooobooboooobobooboooboobooboboobo, bobooboooo
goooooboo, obbooboooboobooboboobooo, ooboooo
goooooboobooobooboob0oooobo, boobboobooooooboooo
goooooboobo, obbooboooboobooboboobooooooboooo
gooooobooobooooboooboobogoooo

Bala and Goyal (2000b) O, D0 O0OO0OO0OO0OO0OO0OO0OO0O0OODOOOCOOOOOO, OOO
gooooobooboooboboobooobooboob0boobooooooboooo
O0ooooood, Balaand Goyal 2000b) 0000000000000 O0O00O0OOO
gooobobobobooooobooboob, dbobobobobooooooooboboo
gooobobobobooboobob, oboboboobobob, boboboboboboo
gooooobooobooooboobboobooboboooboobobooboooboobooo

oo, ooooobooobooooboo, boobooboooobooboboobooo
O000ooooooooo Albert, Jeong and Barabasi (2000) 0, O0O0O0O0OO0O00OOO
gooooooooa, DDDDDDDDDDDDD(scale—freenetwork)l)lj, gooooa
0000 (exponential network)? 0 2000000000000, 0D000D0DO00OO0OOOO
goooooboobooboboobooobooboobooooboooDoooboooo
gooooobooboooboboo, booboobooboboobooooooboooo
goooooboobooobooboobooobooboob0boobooo, ooboooo
gooooobooboooboobo, boooboobooboboobooooooboooo
goooooboobooobobooboo, booboobobooboooboooboooo
gooooobooboooboob, obooobooboobobooboooboooboooo
goooooboobooobobooboooo, ooboobobooboooboooboooo
gooooobooboooboboob, oobooboobobooboooboooboooo

1) k0000000 0000000000 p(k) 0000, 0000000 p(k)~k "000000
goboooooooobooooooooo, yboOOODOOOO, DOOOOOOOObOOOboOoon
0020300000000 0o0UoU0oUool 0D, DOoUDo0oUDooOoUooUoooUoo
gooooooooooboobooooooboobobooooooo, boooboboOoOoooooboOooooo
goooooooooodo

2) DO0oO0OoO0UOoOooOoUOOoOoUO0bOOoUOOoO0OUOo0OUDOODOO0O0ODO0OOOoUOOoODOOoOo
oooOoooooooon



ooo o o

goood, booboobobooboooboobooboboobooooooboooo
gooo
goobooooooboooboooobooboboobooboooboobobooo, oo
goooboooooboboooboboooobobouo oboboobobooooog,
00000 (@oOo0Oo)Y OoooooooOooOooOOobOooDooooDooDooooooon
goooo, oo booobobboooobbo, ooobbooobobbooooobo
gooooobooboobobooboo obboobo, bboobooooooboooo
goooooboobooobobooboooboobooboboobooooooboooo
gooooooboo, boobobooboo, boobooboboobooooooboooo
gooooobooboooboboobogoboo, obboobooooooboooo
goooooboobooobobooboooboo, bobboobooooooboooo
goooooboobooo, booboooboobooboboobooooooboooo
goooooooo, ioooo0 (@oooOo) ooooooooobooboooooog
0000000000000 000000000000000000000 %0
gooodobooooboooboboooboobDbooboobooobooboDboobooOon
gobooobooooobooobooD DoobboooobOooobooobooooo,
Jackson and Wolinsky(1996)0 0 0O O connections model 0 00, DO 000000000
Ooooooood, Albert, Jeong and Barabasi (2000) 00 0000000000000
gooooobgoobo, obb0o obhooobooboobbooboooboobooooao,
000000000 000ooooooo2000000000000000000000A0
0oo0oDooooooooooo ooooooooooooooD o 1000, Jackson and
Wolinsky (1996) O 0 O 0 O connections model 0 D 0000000000000 20000
0o, 0o0dboboooob0bo0 joobbooooboboooobobboooooboboogdao,
000000000000 o00ooD 000 20000000000000000000000
0300000000000000000000O000000000Oo0oDOoOOn

3) 0000 Jackson (2005) O pp.44-450 000 OO, Jackson (2005) DO OO OOCOOOOOO
goodoooooooooooOoo0o0o0o0oooooobooobObOoO0, oooooooooooo
0000000000 0OO0000bObOO0o0OobObOOooOooDbOoOooooaon
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goboboooobooooooooooooooooooooooo

1 000DOoOoOoOoooooo

00000000000O00O0, O0000000000000000000O0O0®o, o
gooooobooboooobooboooboobooboboobooooooboooo
0000000000000 000000000 Jackson and Wolinsky (1996) OO, OO
gooooobooboooboboob, ooboobooboboobooooooboooo
gooooobooobo, ooboobboobooobooboooboooo

1.1 Connections model

Jackson and Wolinsky (1996) 00 0 0O O connections model 0 0000000000000
n00000000O00ODOO, O0ODO000DOO000ODOO0o0Oo0o0obOOooobOoooboooo
gooooobooboooobooboo, bboobooboboobooooooboooo
goo, oobooboobobooboooboobooboboobooooooboooo
goooooboobooobobooboo, booboobobooboooboooboooo
goiodod, oooobboooooooo N:{l,...,n}DD, oooooooNODODO
000200000000 @O0000000O)0000000O0000COOOO (OO0
0000 j(#7) 0000000000000 ¢4000000000000000 G000
0000000, 00000000000000000000000000 g¥o00o0o00
000000, D0000000000D000 GYO0O00D00000000000o0o0n
0000 ¢¥OOOO0O0O0O00D0000D0000D0O0DDO complete 00 OO0 O0OOODO
goo

00, 000000 GOO000000000D 000 U(6) 000000000000

JF jijeg

Z@t"fwijDDDDEIDD ¢O00U0oooooooo, ZcijDDDDDDDDDDDDDD

j7i jiijeg

ooooooooooooo0 000, w; OO0O0DO0OD 000000 7000000000
ooooooo, wy=0000000000, ¢; 000000000000 ;00000
ooooooooooooooooo, ¢=cp> 00000000 000000000000

4) Konishi and Furusawa (2005) OO, 0000000000000 OO0OO0O0OOO 2000000
goboooobooooooooooOoooOoOooOooOoOoOoOoOoOobOOoOoOoOoboOoOoDoboOoOoDboo
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ooo o o

000000000 0000000, f00000000OODODOO, 0000000
ooy 0, 000000000000 ;(@O0000O0ODO ;000000040000
gobobobooboooooobobobooooooooobobobobooobooboonDo
oo, bobooobooooooboboobooooooboooobobobobooooobonDo
gooooooooD o000 000000 jOO0O0D0OODODODOUODUOODOUODUOODODOOO
l;3=1000, 00000000000000 (000000 ;00000000000
l;,=2000000, 00000000000 ,;0000000000000000000
00000000000D0000000 ¢;=cc 000000060, OO0, ;000
gbobobobooooooobooboboboobobooooo

00, 000000 O000000DOCO0O0O0, DODODO0DODUDODDODODOOODOD
gboboboboboo

W(G) = ) U(G).

iEN

00o0oU0oO0o0oU0oooU0U, 00 3000U00O0oUUODOoOo

O1:stard00000, complete0 00000, empty00OOOO0O

r—2a r—2b r—2xC

e
°

[ I

a

Star Complete Empty

010000 e«0000, ODODO0ODOOOO0DOOOUOODOOOOOODOOODOOOODOOO
goboooooogo, oboooobooooobooooboobooobobooobboooobobooog
00000 star 000000 (@UOOO0OOU0OOO)0O0O0O0DOOO BODOODUOOOOO
0000000000000 0000000O00000d completeJ 00000 (UOOO
gpoobo)yoooo oo, 000 cODODQODODODOOOOOOOODOODOODOO empty
gooooo@oooooo)oooo
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goboboooobooooooooooooooooooooooo

1.2 0D0O0Oooooooo

00, Jackson and Wolinsky (1996) OO0 D000 00000000000 O0OOOOO
ooooooooooooooooooooooon, G—yO0oooooo cgooooon i
gooooooooooooo, Gy 0000000 Goo00 g ooooooooog
odooooooooo oo, ooDoooooooooooooooog, 02000000
gooooobooboooobooboooboobooboboobooooooboooo
gooooobooooooobooonbooo

0oooooo
(i) 000 ¢e60000, U(G=20(G—i) 00 U(G)=U(G—4) 0000
(i) 000 ¢¢60000, U(GO<UG+i) 000 U(G)>U(G+i) 0000

0000ooooooooo (i)b, D0O0DDO0OD GOOOUOUODODODO ¢yOOOOD
0, 00000¢000000ooonon Z, j000000000000DODODO0ODO0O0O0
oooooooooooo, 0oooo00U0O0UOoO (i)oO, Doobooo Gooooo
00 g¢£6GO00000000, 00000 00000000000, 00000 7000
goboboooooobooboboboooo

goo, oooobooboboboboooobooobooboboboobooboobooooobobob
goboboboboobooooooboboboooooooooboboboboooobOonDo
oooooooo 10, OO0 O0OO0OO0OU0 1000000 0ODODOUODUODUOODUOODUOODOOO
goboboobooobo, bobobobobooooooooobobobobooooobonDo
gooooooooOoooDoD 20, DU00DU00DUODUODOUODUODUODUODUOODUODUODOOO
gobobobooobooooooboboboooo, boooboboboboooobooDo
oo0o000o0oo0ooooO00o000oo0OD0o0D0DU0oooOOO0oDUOoooDDoDOoO 2000,
goboboboboobooooobooboboboooooooooboboboboooooboobDO
gooob, boooooooobobobooooooooobobobob, boboobooDo
gbobobobobooooobooboboboooooooo

oooooog
GcGVoooo Gecdfooo w(e)=>w(6) oooooo, oooooooon

gooooo, ooboboooboooobbooooobooooooooboboooboboooo
gboboboboooooooboobobobooboooooooo
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0 00 Jackson and Wolinsky (1996) 0 0 0000000000000 O0O0OO0OOOOOO
R

00000 (@OO000ooooo)

i.c<6—6°000, 00000000000 complete 100000 GYO0 100000

ii.6—6°<c<6+(n—2)6°/2000, 000000000000 O00OO0 star00000O
06 o00100000

ii. 6+(n—2)8*/2<c000, D0DD0DO0DO00OO00 empty 000000 G°O00 100
ooo

00000 (@O0000000000)

i.00000000000000 100 empty00000000000000

i.c<6—6°000,000000000000000 complete0100000 G¥YOOOD

ii. 6—6°<c<6000, 000000 star 000000 ¢'0000000000000OO0
00, 000000000000000000000000000°90

v.6<cO00, empty 100000000000000000000000O000O0O0
00000000 2000000000000, 000000000000000000
ooooo o

001000200, complete 0 0000000000000 OOOOOOOOOOO
O,star0000000empty0 00000000000 O0DOOOOOOO0OOOODOO
gboboboboboo

5 000001, 00200, 0000000000, ¢;=¢ w;=1, 000002000000
oooog, 0o 1, 00 20000 Jackson and Wolinsky (1996) O 0 00

6) 0000, n=40, 6-6°<c<6—6*000, circe 000000 (00O g#¢ 000,
g = {iiy iyig ..., iy 16y 4,5,y 000000 {iydp...,43,) CNOODODODODO, 00 gCg¥ O
cirde 000D000000)0star 00000000000 00000000000000, OO
n=4 0, 6-6'<c<é 0OOOO, lned00OOO0OODO (OO0 g#¢ 00O,
g = {iyiy iyis ..., 4, 43,y 000000 {iydp....,4,) CNODODODOODODO, 00 gCg O line
000000000)00000000000000000010

7 o<cOOOempty0OOOOOOOOOODOOOOO, OOOO0O0O0OOODODOOOOOOOO
gooogooo
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goboboooobooooooooooooooooooooooo

2 000000000DOoOo0oO0ooDoOoOoooogo

gooooooooboooboo, bbb booboobooobooboboobooo
goooooogooobo, obboobooobooboobobooboooooo, oooo
goooooboobooobooboob ogoobooboobobooboooooo, oooo
goooooooobobo, obooboboooobobooobobooboobooon, oo
00o000oo0oooDooooD o000 200000000000000000000000
OooooooooooooooDooo, oooOd, Jackson and Wolinsky (1996) O O
00 connections model 0, 00000000 000000000 DO0OOOOOOOOOO
ooooooo, io0oooooDoooooooodoooo 20000000000000
goooooboobooo, booboooboobooboboobooooooboooo
gooo

2.1000

00, 00000000000000000 N={,...,2}00,»>3000000000
00000 NODOODOOD 200000000000000000000000000080
0000000 /#/00000000000004;00000000000000000
0000000 LO0O, 0000000 6=, L) 000000000000000000
0D000O00DO0oDOoooo 6¥oo, 6ecc¥ooonooog, Yoooooooon
000000000 complete 0000000000000000O0000O000O0
000000, 00000 000000000000000000000000000, 000
00000000000000000 20000000000 «=(0,1) 000, 00000
0000 «0000000000000000O0O0O0O00 000, 00000000000
000, 000000000000000, 0000000000000000000000
00000000000 000, 00000000000000000, 000000000
0000000000, 00000000000000000000000000000, 0
0000000000000000000000

00, 6000000, 0000z20000000000000000000000000
0000000, 000000000000 & 00000000000002000000
000000000g!0000 G={g,...,g%} 000000000, GOOOODOOO
000000 |Gl 0200000000 200000000000000000
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ooo o o

|G,|=,C,=n!/z(n—2)!0000 00, 000D0000000000000 2(g%) 00, O
00000000000 2<2000000, 000000000000000 (g 0000
0000000000 GOO00000, 000000000000 2000000000
000, 0000000000 200000000000, 00000000000000
(0000, 10000000000000, 000000000000000000)000
0000000000 GOO00D000, 000000000 HG ={hy, hy ..., hp}, OO
000000 m, 000000000 S(O={s;,....s, »y 000000000 4000
000D0D00000000000000 k<z—1, 000000000000000000
0Ds0000000, 00000000000D0000000000000000O,

n= ) k+b+mO0O0O0

i=1

0000 z00000000, O0DO0O0OO0OOOOO gOOOOO P(gf;)E(O,l)EID
gboboboo

P(gt)=a*(1—a)" ~. @

oo, obgb zobooobooooobooo, bobobooo ybOooooo, oboob
Oz—yOOOOOOOOOOOOOO g/, 00000000000000¢C

P(g2,) =a*(1—a)" *X uCy X nC

-
0oo, »6,0 m0000000000 0000000000000, 4-»Cy 0 n—m
0000000000 :—y0000000000000000000000 g 00, 00
000000000000000000000000000000000000, 00000
000000000000000000000000000000000000000000
000000000000000000, 00000000000000000, 00000
o0o00DoDoDO000000000o0o0o0ooooooooooon L(g)={ili, jI}
00o000o
00000000000000000000

00000 (@0)

000000 GO000000400004,0000000 4,(6) 00, {id, i, ...,
i» 16,y CLOO0O00OD00000 4y, () ={isd....5,) CNOODOD OO0, 00000
000 & 00000004 00004,0000000 L, (g2) 00, {iii isis ..., tn_1in)
cL(g) 00000000000 Ly, (g2)={i ... i,}CI(g?) ODODOD
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goboboooobooooooooooooooooooooooo

00000 (@oOOooooon)
0o, NG ={ieEN|FjEN st. EG} 00000000 OOO00OOO GCGOO000
000 GGOoooO00000 (component) 0000
(i) i#;000000000 4jENG) 0000, 00000000 (G0 G
oooooo
(i) 0004 jeENGE)HDDOD, jeCOO0 60000

00000 (minimally connected network)

000000 0O0000D0000000DO00O0ODO0O0, D0DO0Doo0ooOooDoDo0Oo0
000000000 10000000000 ooDo0 c0o0ooooooooooDooooog
0000000, 00000000 GO minimally connected network 0 O O 0

000, »—1000000000000000D000DOO0O0OOOCOODO GOOOOODOO
gooooboboooooboobbuo, odbobobbuooouobb stardgdoob O
line0 00000 ®0 minimally connected network 0 0 00

2.2 J0o00DUOOOOOoODOoOoOooO
00, 000000, 0000000 gf000000ODO 00000 [J}(g?)DDD
gboboboboboo

m(gz)—P(gz)< > wy(g2)— ), ci]-)-

j;ﬁi:jglw(gg) JFIGEL

000, wy(g?) D0ODD 000000000 g 0000000,0000000000
0000000000, w;(e)>00000000 w;(g?) 000000000000 i, j
0000000 44(g) 00DDDD000000000 000, 0004, ;0000000
0000000000, 000, 000000000000000 wy(g?) 00000, O

0000000000000 wy(e?) D0DO00D0D00D000000, . w;(g?) O
j=ijel;(g2)

000000000000 ¢ 000000000000000, 00000000000
¢¢000000D0(000000000000000, 0000000000000000
000000 ) wi(ed)=0000000000, ¢;00004,;000000000

j#iiel;(gf)

8) 000 G#¢ D000, N={iyiy....5,) 000, L= {i\iy bpis.... 5, 14, 000000000
600000000000, 00 GEGV 0 line0 000000000
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ooo o o

000 yeL 00000000000, ¢=c;>00000000 000000000000

ooooooooo ooooo oo, ZcijDDDDiDDDDDDDDDDDDDDD
jEiGeEL

oooooo, 0o 00000 U;(gg)l], O00ooooO0 gf000OoOooooOO

0000000000000 ooooooooooooooo gs000O0OO P(gg)DDEID

gbobobobobo

gooOoOoOooo giopooooooooooo W(g?)DDDDDDDDD

W (et)= 3 Ue2).

0000, 0000000000000 gf0000000oooooa
000, 00000000 g0000020000000000000000000000
000 G O000010000000000000, 0000 2000000000000 ¢
ooooo U(G) 000000000000000
2Ce
U (G)=7), {P(g§>< . wz‘j<g§>f Z Cij>}-
a=l j#iie;(g) JFigEL
o000, 000000 60000000 0000000 U(G 0, 00000000
000000000000 0000000000DODDD, 000000 0000000
oo w(e o, 0000000000000 0000000000000 000000

U= U6
z=0

:nfricz {az(l—a)"z< Z wi; (g?))} - Z Cij- (&)

z2=0a=1 jiel;(gf) jFiGEL

W(6)= ) U(e) ®

1

000, (200000000 GOO00000000D0D00D0D00OD0O0D0ODOOOO 1000
00, 00000000000 »—2000000000000000D0O0OO0, ODOO
n—l00000C0C0O0O0OC0O0OO0OOQOO0OOOOOOODOOOODOODOODOODOD
02030000000000000000000O0000O0DO0OODOOOODODOOOO
0000020000, 000000000000 OO0OO0OODOOOOODOOO0O0
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goboboooobooooooooooooooooooooooo

02:300000000000000000O00ODOOO0OOOO0OUOOOOO

1 2 3

g, g g
1 2 1 g\ 1 )
3 3 3
1 1
&> g5 &3
I 2 ,1.~ 2 2\ L 2
5 5 by

020000, 00000ODOODO0O0D0D0ODD w, OOOOODOOD cOO0, DOODODDOO
gboboboboooooooboobobobooboobooono

W(gh) =1’ x[Qw—20) +Qw—c)+Cw—0)]=10—a) 6w—4c).
W(gl)=a(l—a)*x<[(0—20)+(0—c)+(0—0)]=—4a(l—a)c.

w(g?) =a(l—a’* [(w—20) +(0—o)+ (w—e) | =2a(1—a) (w—20).
W(gl) =a(l—a)*x [ (w—2¢)+w—c)+(0—c) | =2a(1—a)* (w—2¢).
W (gl)=a2(1—a) x [ (0—2¢) + (0— ) + (0—¢) | =—da*(1—a)e.
W(g3)=a(1—a)x[(0—20) + (0~ )+ (0—¢) | = —4a*(1—a)e.
W(gd)=a?(1—a) X [(0—20) +(0—0) + (0—¢) ] = — 4?1 —a)e.
W(gh)=a*x[(0—20) +(0—c)+(0—c) | = —4a’c.

SW(E) =201 —a)* [3(1—a) +2a | —4c.

3 D0ooooooooooo

gooo, oogboobobobobobooobooobooboboboboooboooobobob
goboboboooboooooboobobooooooobooboob, bobobooobooboobDo
goboboboooboooooboobobobooooo oo, obobobobooboobooDo
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ooo o o

0000000000000 000 complete0 00000, star000000, empty 00O
00000oo00o00ooooooooooooo, complete0 0000000 OODODODOO
gboboboboooooooboobobobooboobooooo

3.1 000000000

00000000000000000000000000000000000000000
00000000000000000, 000000000000000000000000
0000000000000, 000000000000, 000000 400000
w;(g8)=w, c;=c 0000000

00, n=4,2=01,¢=20,w=10000000000000000000000, O 30
000 empty 0000000000000

03:0000000000000 empty0 00000

[E1E (noded)
CITY= 4
generation= 100
0.00000
U {
h
e {
Us {

&= 1.000
w=1.000
c= 2000

00, n=4,a=01,¢c=15w=10000000000000000000, 040000
star 0000000000000

9) Bala and Goyal (20002) 00, O000OO00O0OO0O0O0O0O0O0O0OOO0OOOOOOOO, OOOOOO
00000 minimally connected network 000000000000 (Bala and Goyal (2000a) O
00 43000) 00000, minimally connected network 0000 0000000000000
0000000000, 0000 minimally connected network 0000, star 0O 000000
go0o00000o0o0oooooDo
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ocoooooooboboooooOoooOoOoboOoOoOooooOo00

04:0000000000000star000000O

[E&E (noded)
CITY= 4
generation= 200
Wigl=  0.23400
Uo {g)=0.78800
Ur {g)=0.76600
e (g)=-2.07000
Us {g)=0.76600
&= 1.000

W= 1.000

c= 1.500

00, n=4,a=0.1,¢=02,w=1.0000000000000000000, 050000
circle 0DDODOD®OoooooOo

05:0000000000000circle0d0O0O0

[51E (noded)
CITf= 4
generation= 100
Wigl=  B.08740
Uo (g)=2.02190
Us (g)=2.02190
Us (g}=2.021%0
Us {g)=2.02190
&= 1.000
w=1.000

c= 0200

1) 000000, drle00000000, 000000000000000000000 G#¢0
00, N={iy, i ..., i,} 000, L={i1iy, isis, ..., in-1in iy} 000000000 GOODOOD
00000, 00 GEGY 0 cirde0000000000
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ooo o o

Jackson and Wolinsky (1996) O connections model 0 0 circle 0000000000000
0000000 o0o0ooooooooooood arcde00000000O0OO0OOOOO
gooooob, oboobboobooobooboobobooboooboobooboo
0000000 Minimally connected network 000 00000000000 OCO0O 100
gooo, oboobooobooboboobooboooboobobooboobooo,
star 00 0000000000000 0O0O 10000000000, OOoOoOoOooooo
00oo0o0ooooooooooooooooo, 040 arcle0 000000000000
o000 2000000000, DO0DUO0DOUOOUOO 1O0DO0DO0OODOOOUOoOOgo
goooooooobobbboooodooooooooboooo, stard0ooooOO
OO0 circle0 0000000000 ODOODOODOOOOOOOOOOOOOOOODOO,
0000000000000 0000o0o0000O Balaand Goyal (2000b) 00O, OO OO
gooooboboboooo, boboooooobobobobooooooooboboo
gooobooboooboooobooobooboono

00, n=4, a=0.1, ¢c=0.001, w=10000000000000000C000C00O00O0OO, O6
D000 complete0OO0OOOOOOOOOO

06:0000000 complete 00000

[51% (noded)
CITY= 4
generation= 200
Wig) 9.70800
)=2.42700
J=2.42700
1=2.42700
)=

o
U G
Uz
Us (g)=2.42700

J
d
d
d

&= 1.000
w=1.000
c= .00

goo, ooboooboobooooboobboo, bbboobbooboboobboooboobo
complete 1000000 circle00000000D0DOODODOOODOODOOODOOOOOO

— 112 —



goboboooobooooooooooooooooooooooo

00000000 ooOg, complete 0000000 circle00000000O0O00OOOO
goboboboobooobooob, boboooooooooobobobobooboobooDo
00000 00ooooooooo, complete 0000000000 O0ODOODOOOODODOO
Ocircle0000000000O0O0ODODODODODOODODOODOOO, DOODDODODOODOOOOOO
oooooooooooooDooOD, 00D0D0D0O00ooooOoOoOoO0Og, completeD 0000
goboboboboooooooboobooo

000, complete 0000000000 OO0OODODOOOOOODOD OO, ODO3000
0000, 000000000000, w;(gh=1,c;=c0000000

O000Oc<a" *(1—a)* 000, complete 000000 GYO000O0O0O0OOOOOOO
go
00) 00, complete 000000 GYO000000000O000O0O0OO0

c<a" 2(1—a)? @)

complete 0000000000, 000000 400000 gec¥000000000,
0000000, j00000000000 4€6¥00000000000000, 00O
10000 ;000000000000000000 @O0 »—200000000000
000), complete 000000 GYO0O000O00O 4, j00000000000000O0O,
complete 100000 GNOO0OO0D0DOOOOD g€6¥000000000000000O0

WG —W(G"—ij) =2a"*(1—a)*—2c.
00000 4€6¥0000000 () 000000000000 00, 00000 46
00000000000000000000000000, (49000000, 000000
000000000, 00000000000000000000000000000, (4)
00000 complete 00 000000000O000O0
Q.E.D.

070 »=4000000000 cO0e000000DOOO0OODOOOOODODOOOODO
gooboooooobooo

— 113 —



ooo o o

O7:n=4000000000000000

3.2 0O0OoDoooooao

goooo, 0000000000000 oooooooooooooooooog
00000 complete0 00000, starO00000, empty0O0O0OOOOOO0OOOOOO
ooooooooooo

0000040 complete 0000000000000 0OO0OODOOOODN

O0000c<a" *(1—a)’ 000 complete 100000 G¥O000000O000O0
0O0) complete 100000000000 O0OO0O0OOO0OOOOODOO(Ci)ODOOOOO
0000000, complete 000000 G'0000000O000O00OOO0OO0

c<a" 2 (1—a)? ®)

complete 1000000000, OO0 400000 ¢je6'0000000000, OO
00000, ;0000000000000 0D0O0DUO0LOUL, DOODODODODODOOOOOO
oooooooooog, Uod g jODODODDOODODOODODODOOOOD, DOD :OOOO
;0000000000000 000O0DO (@O0 »—2000000000000O0O0O), OO
0o0ooooooooo:00o0O0O /000000000000, DOD ¢,jOD0D0O00O0O0O
0000000000000000 000, complete 000000 GYO0O00, 000 4,5
00000 46" 000000000004, ;0000000000000000000000

— 114 —



goboboooobooooooooooooooooooooooo

U(GN)— U (G"—ip) =a" 2(1—a)—c,

U(GM)—U (G —ip) =a" 2(1—a)*—c.
oo0o, (5)000, 000000 4,;00000000000000

U (GY) — U, (GN—1ij) =0, U, (G) — U(G"—1ij) >0.
0000, 00000000000 (i)000000 complete 0000000000000
000000000000000000 (i)00000000000000, (¢)oooo
O complete 000000 GYO00000000O000O0O0O0O0OO0

Q.E.D.
OO0star 000000000 O0OOOOOODOODOODOO

n—2 n—2
ooooo ), [a2<1—a)"*5xn,scz,l}<c< ) [aZ(l—a)”*an,zczx (n—l—z)} ooo,
z=1 z=0

starOO00O0O0O0O Gr0000oooooo
Oo0) oo, star 000000 G*O000000O0OO0OOOOOOOOOOO0

nif[az(l—a)"fzxnfgcz,l}<c<niz[az(l—a)”fz><n,zcz><(n—l—z)] ©6)

0ooo0o0000000000D 0000, D00 gec*i00000ooooooo
000000000, o000 000000 j0O00000D00D0D0DO00OO0ODOOOO
0, 00000 j0000000000000000000D00D00DO0OD0DO0O0OOOOODOO0
Jooooodooooo gyec* 0000000000000 (0000 Uoooooog,
00000000 000 »—2000000000 z00000000000000000
0do0dDoooOoooO0, dooo0d jO0000OoO0oO0OOoOoOO, bOooOoOooOoo (00
O0»n—2000000000 z000000000000D000D000O0O0O0O0O0OOCOOOO,
00000 ;0000000000000 0 jO0000, D00 gec*0ooooooog

gododdooddodoooooooooo
GG~ UG i)=Y a1 —a) 11 ]
n—2
Uj(G*%Uj(c*fz'j):ZZO[M(ka)"*an,Zczx(nflf@}c.
oo, 000 gyec*U00l000dl000ooU (000000 uoojo00O0oOoQgg

gbobobooobooboboooo

—115—



ooo o o

niz[az(l—a)"fzxnfzcz]<nij[az(1—a)”fz><n,zcz><(n—l—z)]
(6000, 0000 000000000000 0000
U, (G*) = U, (G*—1) >0, U;(G*) — U;Gg* —1j) >0.

gooooo00oDbOOoOooooOoooGi)yooooo

0000000000 ;000000 k#0000, 000 k4G 000000000
000000000 40000000000, ;000000 k0O00ODODODODOOOCODOOO
O, 00000000000, OD0O0O0OO k0000000000 00O0DOOOOOC
o000, o000 k000 n—2000000000, OO0OODO0 00000210
O00oooooooUd0 (»—3000000000 :.-1000000D0D0OC0O0O0O0O)0O
ooooooooOooo, DO0ooo0 jOOOUOOO kODO0ODODODOODODOOOOOO, O
0000000 A0D00D00D070000000000000000000, 000 jkEGH
0000ooooU0ooooU0U0OooCo jO0O00U00 kODO0OD0OCOODOODDOODOOOODOCOO
oo

n—2
UG — UG —jk) = ). [azufa)“xn,gcz,l] —e,

z=1

n—2
UG~ (6" =) = ). [@*(1 =)', o, | .

z=1

(G)Ooo, ooooooooooao
U, (G*) — U(G*—jk) <0, ULG*) — T,(G*—jk) <0.

o000, 000000 (i)oooooooooog, (B)U0D0D0D00000 star00000
0 Gr00000ooooooooooooo
Q.E.D.

n—2
ooooo Z[aZ(l—a)"*zxn,zcz]qDDD, empty 000000 0000000000
z=0

O0) empty 000000 G°0000000000O00O0O0DO0O0 (i)00000
gbobooobo, empty00000000O0O0O0O0O0OO0O0OOO0ODODODO

n—2

Y. [aZ(l—a)"*an,chkc. ©)

z2=0

000000 4,500 4¢6° 0000000, 000 4,,;000000000000000,

0000000 7000000000000 O00DOO0OLOUO, DODODOO 47000

— 116 —



goboboooobooooooooooooooooooooooo

n—200000000, 200000000000000OQ00C0O0DO0, ODODOOOOODO
ooooooooo ,j000000 1000000000 DO0O0, DO0D0DDO0O0 4,500
FEGE 000000000004 /j000000000000000000000

n—2
UG~ U (G +ip=—) [a*1—a) "%, .C. ] +e,
z=0

n—2
UG5~ U(C +ip=— ) [a*1-a)" "%, oC, ] +e.
z=0
(Hhooo, O00O0ooD +,;j00000000D0000000
U, (G*)— U (G*+1ij) >0, U (GP) — U(G*+1j) >0.

0000, 0000004/00000000000000000000000000000
(i)J00000000000000, (DO0O000empty 000000 500000
oooo0O0O0O0O0O0O0Ox
Q.E.D.
080 #=4000000000 ¢0¢0000000000000000000000
ooo0O0O0O0O0O0000000

08:n=40000000000000OOO

C
0.8 \\ \
‘\\ \ t
0.5 em
N pty
N N\
o.a star \
\\ \ T
oe | N Ve N
//\xm ‘\\
\ N
/</\2 \\\% \\c\zlrcle \\\
L NN
" P~ S
e complEte TrsER S

oooo 70, complete 00000000000 DOO0O0O0O0OOOOOOOOOOOO
goo

— 17—



ooo o o

O00000c<a"*(1—a)*000 complete 100000 G¥0000000000O0O0OO
goo
00) 00, complete 00O OO0 GNoooo, oo3000400, complete 0 0 0O
goooooboobooobooobooobooooo

(G"oDoooooon) (GYoooooo)

c<a" *(1—a) c<a" (1—a)

0000, complete 0000000000000 00000000000, c<a" *(1—a)
00000 complete0 0000000000 ODOODOODOODOOOOOON
Q.E.D.

0070000000, 0000 complete0 00000000000 O0OO0OODOOOOO
0000000, 000000000000 00o0oo0o00o000OU Bala and Goyal (2000
boo, 00000000o0oooo0o0o0o0o0oooooooooooooooooooon
ooooooooooooooooooo, o0 70000 Bala and Goyal (2000b) O O O
goooooobogo

090 »=4000000000 ¢c0O «aOd0O0OO, complete, circle, star, empty OO0
ggboobooobdoobbooobuoobbooboobbooobuoobbooo

09:n=400000000000000D00O0DO0OO

— 118 —



goboboooobooooooooooooooooooooooo

3.3 00O0UooOooUoOoOoUooOoOn
gooboooooooboboboboooooooobooboboboobobooooooog,
ooooo 80, o000 O0UO0U0UODUUDUUDUODUDUDOUDDUODUOOOOOo

00000000 «(0,) 0000, 000000000 complete 01000000000
00000000000000000000

00) 00, 000000 »>300000, n000000000 complete 00000
0G),0,n+1000000000000 complete 000000 Gy, 00000000
0ooooo

00400, 000000 G), 0000000 GY,,0000000000000000
000O000c

(Gl,yoooooon) (G4.,0000000)

c<a" *(1—a)’ c<a {(1—a)’

G¢Y¥o GY,,000000000000000¢), ¢Y00, 00000000000000
oooOoo
eN—N  =a" t(1—a)*—a" {(1—a)

=" 2(1—a)®*>0.

000o000Oo0Oo#=30000000000, ¢¥>e),>e),>-- 000000, 000
n>30000, GH 0 Gh.yO0OOOOoooooooooood, &,oooa, cY=c',,=0
0000000, D00 =0, D 0000000000000 completeJ10000000
0000000000000 00000000000000000000

Q.E.D.

000, 00700 complete 0000000000000 00000000O000DO0
0000000000000 000, 0080000000000 0000 complete 100
0000000000000 000000000, 0000000000000000000
00, complete 10 0000000000000 00O0DO000ODOO00OOOOO0 OO
0000, 0080000000000 D0000DO0000O0 complete 00000000
000000000000000000000000Y™Wo 00000, 000000000

11) Bala and Goyal (2000b) DO 0000000 OO0OOO0OOOO0ODOOOOOOOOODOOOODO
gobooobooooooo, boooooboooooooooobooobooooobooooboo, booboooo
gbooboooobooobOooooobooooOoOoOoOoOoobooOobOOoOoOoOobOoOobOoOoOoOobooon

—119—



ooo o o

o000, complete 0000000000000 OOOODOOOOOOODODOOOOOOOO
gooboooooooobooobooo, obboooboooooboboooboooobo, oo
goboboboobooooobooboboboobooooooobobobobooboobonDo
goobobobo

goon

0000, Jackson and Wolinsky (1996) O 0 O O connections model 0, OO0 000
jooobooooobooooobboooooboboon, (obbbooobooboboooo
00000 20000000000000000000O0O00000O0O0O0OOOO0O, OO0
0000oo0oooooooooooooooD 00000000 oooogn, complete
0ooooooooooooooooooo, 0000000000000 oo0, complete
opoooo, cdrcde000000, star000000, empty 000000000000
00000Do00o00oDoooooDoo ooooooooooooog, complete000O00O
O, star000000, empty000O0O00O0OO0OO0O0OOOOOOOODOODOO0D OO,
complete 0000000000, O00O00D0OO0ODO0O0ODOODOO0OOODOOOOOOODOO
0000000000 complete 0000000000, OOOOOOOOOOODOODOOO
0oooooooooooooooooooooD, 0oooooooooogo, complete
goooooboobooobobooboooboobooboboobooooooboooo
goooooogooo

000000o0oooo00ooooogd, 0000000000000 complete 00O
0ooooooooooooooooooooooooooo0, Dooooo 400000
gooooobooboooobooboooboobooobooboooboooboooo
gooooboboboboboooooooobo, tbooooooooboobobo oo, Ooo

000000000000 00, n0000000000000000, c00000000, p0
00000000000000000000000 0000, Balaand Goyal (2000b) 0000, O
00000000000000000000000000000, p(1—p*?)>c0000000 (O
0330 00, 000DD0D0DO00ODO0O0OOD0ODOODODODOODOOODO,
2p(1-p"*)>c 0000000 (004.3)0 0000000000000000000 200000
000000000000, D000D0000000000000000000000000000
0000000000000000000, 0000000000000000000000000
000000000, 00000000000000000000000000000000000
00000000000000

— 120 —



goboboooobooooooooooooooooooooooo

0ooooooooooo, cdrle000000000DOOOOOOOOOOODO, OOO

goboboboboo oo, bobobobooooooooobobobobooboooboonDo

gooo, oobooobbooobbooooboooboboooobbooooboo, obooo

gobobooooogoo, boboboooooooobobobobooboooboooboo

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[91

Ooo00ao0o

Bala, V., Goyal, S., (2000a) “A Non-cooperative Model of Network Formation”,
Econometrica, vol.68, pp.1181-1229.

Bala, V., Goyal, S., (2000b) “A Strategic Analysis of Network Reliability”, Review of
Economic Design, vol.5, pp.205-228.

Galeotti, A., Goyal, S., Kamphorst, J., (2006) “Network Formation with Heterogeneous
Players”, Games and Economic Behavior, vol.54, pp.353—372.

Jackson, M. O., (2005) “The Economics of Social Networks”, Social Science Working Paper,
1237.

Jackson, M.O., Wolinsky, A., (1996) “A Strategic Model of Social and Economic
Networks”, Journal of Economic Theory, vol.71, pp.44-T4.

Konishi, H., Furusawa, T., (2005) “Free Trade Networks with Transfers”, Japanese
Economic Review, vol. 56, pp.144-164.

R. Albert, H.Jeong, A.-L.Barabasi (2000) “Error and Attack Tolerance of Complex
Networks,” Nature, vol.406, pp.378—382.

000 OO0 0000000000000 00000D0O00O0O0D0OO00 20700000000
goooooooo.

000 00 D00ooooo000oooooooooooooooo 20000000000
gooooboooooo.

— 121 —



ooo o o

Summary

Network efficiency and stability
in network division risk

This paper expands on the connections model in Jackson and
Wolinsky (1996) to the model that each node independently loses two
functions both “the transmission of payoff to other nodes through
the link” and “the reception of payoff through the network”
simultaneously at a constant probability. Under this model, we
analyze network efficiency and stability by first, computing the
strongly efficient network such as complete network, circle network,
star network and empty network. Following this we show pairwise
stability conditions of a complete network, a star network and an
empty network. Moreover, we analyze the relationship between the
network stability and the network scale. As a result of the analysis,
the range of the link formation cost in which the complete network is
pairwise stable is reduced by increasing the number of nodes that
exist in the network.

Keywords: Network division risk, Loss of node function, Network
stability, Network efficiency.
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