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Keywords (ESS)



1. (eductive)
common knowledge

2. (self{enforcing agreement)
3. (evolutive) naive
(learning)
2 (ESS)
2.1 (ESS)
2.1 el =11;2g
eS; = f1;2; AB&Amig( i=1;2): i
eA: 1 AL 2

G =(S1;S2;AA)  bimatrix
(s1;82)2 S S1 =Sz ; A(s1;82) = Al(s2; 1)
(symmetric bimatrix game) ~

1 [19].
2 common knowledge
common knowledge

common knowledge

(learning)

bimatrix



bimatrix B S: =S, = K = f1;2; A&kg
A=fm2RK: xi =1g

c=A2 y2A x2 A
P
xAay = i xiaijy; = u(xy) 2 R y2 A
BR(y) = fx 2 Aju(x;y) Tu(X’;y) ; 8X'2 Ago A 3
Xy
y "2(0;1) y
X incumbent
" 1A||
incumbent w="y+(1A")x 2
A incumbent u(x; w)
u(y; w)
2.2 y =X % 2 (0;1) 8" 2 (0;13) 4
up; "y + (L A"X] > uly; "y + (LA™)X] 1)
x2 A (ESS) AESS (5 A)
ESS (1) incumbent
X
y 5
2.1 ESS x 2 AESS ux;x]
uly;x] 8y 2A) °
1)
(L A™)Fulx; x] Auly; x]g + “fulx;y] Auly;ylg > 0
x2A 2 O
ulx; x] 1 uly; x]; 8y 2
upx; x] = uly; x] =) ulx;y] > uly;yl; 8y =X (3)
) (3)  ESS
6
2.2 (Bishop{Cannings(1978)) *
ESS X s1;5; AR 0
u[st; X] = u[sz; X] = u[ss; X] = A= u[x; x]
3xE2BR(Y) ; YE2BR(X) %) xE = yE (< y5)
(symmetric Nash equilibrium)
4 "
5 @
5(2) ESS ESS ®3) ESS
ESS q q ESS
7 J.M.Smith [31]



2.1 matrix { 8

H D
H| 3(vAC),i(vAC) | V0
D (Y} vy
D ESS u[H; D] > u[D; D] 2
ev>c H ESS
ev<c H D ESS 2.2 ESS
u[H; x] = u[D; x] X = (x1;1Axq) ( H X1

u[H; x] = xau[H; H] + (1 A x1)u[H; D] = u[D; X] = x1u[D; H] + (1 A x1)u[D; D]

X, =% x= (& 1A %) ESS
2.1
ESS
H| D R
H|-1| 2 -1
D| O 1 10.9
R|-1]11| 1
R ESS 9
ESS
2.3
I,a a N
A= 11 12
dp1  azz
a1l = azy ; ap = ax ESS 10 <

2.4 x2A ESS

up;y] > uly;yl

A x y =X un e
8 J.M.Smith [31]
9J.M.Smith [31] x=1iH+1D ESS
10 J.M.Smith [31].p199 van Damme [35].p219
1 Hofbauer and Sigmund [17]p141{142



2.2 x2intA ESS 12 ESS

ESS ESS bdA ESS
2.5 ESS B <
ESS
ESS ESS
incumbent
incumbent | (D) > T
1
2.3 y 2 A fj 2 (0;1)
8" 2 (0;1y)
up; "ty + (LA™X T uly; "y + (LA™)X] 4
x 2 A neutrally stable strategy(NSS) neutrally stable strategy
ANSS —_
AESS g ANSS (¢ ANE) 14 ESS x2A NSS
ulx;x] W ufy;x]; 8y (%)
ulx; x] = uly; X] => upx;y] T uly;yl; 8y=x 6
ESS
15 Swinkels [32]
equilibrium entrants
2.4 incumbent x2A y2A "
w="y+1A"Xx2A y w
y 2 BR("y + (1A™Xx) equilibrium entrant ~
2.5 fi2 (0;1) y =X "20:1 Q)
x 2 A robust against equilibrium entrants(REE)
y 2 BR("y + (1 A")x): @)
2.6 AESS GAREE C-)ANE o

12Hofbauer and Sigmund [17]p142
13yan Damme [35]
14ANE

15 [2]



2.2

2.6 X 6 ANE x 2 X U
y 2U\BR(x) ulx;yl 1 uly;yl y2Xx
X 6 ANE  evolutionary stable(ES) ~
x2A ES 16
ES ES
ES (doubly symmetric two{player
game)” ES 18
REE set{valued 19
2.7 X 6 A equilibrium evolutionarily stable(EES)
1. X ANE
2. fi2 (0; 1) 8x2X 8y2A 8207 y2BR("y+(1LA")X)

"+ (LA"X 2 X ~

EES X 20 equilibrium entrants
X
2.3 ESS
1. X ESS (X; X)  perfect
2. x ESS (X; X)  proper
21
2.3
22
A= (K;P;U; C;p; hy; hy)
eK Z X e
X=KnZ
eP = (Pg;P1;P2): 0;1;2 1
2
16 3.5
17 A AT =A (doubly symmetric two{player
game)

18\Weibull [37].p53
19swinkels [32]
20x EES REE
2lyan{Damme [35]

22Cressman [7] Selten [29]



eu U u2U Pi Ui
ecC: u2U X2u Cu Pi
Cu Ci
ep:
eh; (i=1;2):
23 24
Cressman [7] Selten [29]
2.8 f:cA¥Fc f symmetry A )
(symmetric extensive two{person game)
1. ¢2Co =) (c) 2Co; p(f(c)) =p(0).
2.¢2C, :) f(C) 2 C,.
3.c2C f(f(c)) =c.
4. u2U 62U u c f(c) o« f(u)
0
5. 2227 2’27 f(C@)=C(@) C(2)
z f(C(z)) c2C(z) f(c) f(2) ya
6. h1(f(2)) = h2(2) h2(f(2)) = h1(2) -
f 4 2.2
.1 " $H
2.2 12 owner
intruder matrix
e d
e|-4,-4 | 8,0
d| 08 | 44
owner owner
matrix
25
23 Eichberger [10]
24 Eichberger [10]
25 ouner{intruder matrix
1 1 owner

2 owner



.1 insert about here

Uop; Ug; U2 1 2
intruder ej; di i e d
1 owner Ny 2 Ny
f

f(ny) =ny; F(n2) =ny;
f(e1) =e2; T(e2) =eu;
f(d1) =dz; F(d2) = dy;
fe) =eh F(eh) =eh;
f(d) = dy; F(dh) = o

2.8 fF 26

ur Buy;, Uy U]
(1 )
symmetry f
f(ny) =ng; F(n2) =ny;
fle) =ehi Tez) =ei;
f(dy) =d); F(dp) =di;
f(e)) =ey F(e)) =ey;
f(d) =dy; F(d%) =ds:
up Ul u Bul
1 S uz2U;
u2U; c f(s) f(u)2U; f(c)
2.2 owner e1 intruder dj
e1d°1 2 f(eldol) = e2d°2
S 1 m
(s; f(s)) p 1 E(s; (s)
2.2 E(e1d}; F(e1d))) = 2ha(z2) + Lhi(ze) =4
(AT) mCm 2.2
1 e1€);e.dd;dsel; did AC4
26 114 5 C(zz) = fng;es;d%g T(C(z2)) = ez dlg = 26

h1(f(z2)) = h1(ze) = 0 = h2(z2); h2(f(z2)) = h2(zs) = 8 = h1(z2)



2 3
Ad 2 2 8
A= E ,?\2 4 0 6
A2 0 4 6
0 2 2 4
sE s2S E(sE s5 T E(s;s5
erd] di€} 2.2
g MA{
C D
Amany = 0= (01:02:8880m)] =1 0
k=1
042 Ama q , q AAg’ A
, - mG m{ q= 92 Aman
05 AAgE T g AAgE 2.2 (0;1;0;0); (0;0;1;0); (0;%;%;0); (55 D)
A ESS ES
2.9 %
1 L do do AAdo = qAAgo q2L
90 AAq > q AAg L (evolutionarily stable set)(ES )
2. do (ESS) fqog ES
3
3.1
(ESS)
(replicator
dynamics)?8
i 2 K ="f1;2; AB&kg t i
pi() TO p) = ik Pi(D) i
xi(t) =28 X(t) = (xa.(); x2(t); BB X (1))
x(t) 2 A
X(t) = (xg(t); x2(t); BB (1)) i
ule'; x] 29
up;x]=  xjule'; ]

i2K

27Cressman [7].
28\\feibull [37] Hofbauer and Sigmund [17]
29 ei i 1

10



i dx_

dt X ule’; x] u[x; x]
&% =x; = ufe'; x] A u[x; x]
% = x;fule'; x] A u[x; X]g (8)
3.1 (8) (replicator dynamics) 0~
®) i
& (8) Xo 2 RX a1
=Y A2RK (8) 32
3.2 & =f(x) xE ">0 é k x(0) AxEk< &
t>0 k x(t) AXE k< " xE (Lyapunov stable)
3.3 & = £(x) xE
1. xE
2. limes 1 X(t) = xE é
xE (asymptotically stable) ~
3.1 xE (XE; XE)
33
perfect
perfect ( )
(8) ESS 34
3.2 ESS )
35 o
30 ulA A =(aij)(kCk
) ufel; x] = el AAx  u[x; x] = x AAx (8)
% = xij(e' Aax A x AAx) 9)
31pjcard{Lindelst Weibull [37],Chapter 6
32 A A

33van{Damme [35]
34Taylor and Jonker [33] Hofbauer and Sigmund [17]
35 3.2

(8) Hines [15] - Zeeman [39]

Weibull [37]
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ESS
x2AESS O x2A

2.2 x 2 AESS  x 2intA
3.3 x2 AESS\intA Xo 2 intA

At;xo) AX x (t ¥ 1)

ESS NSS
3.4 x 2 ANSS (8)
ES
3.5 ES €)) °
3.2
ESS
3.4 A xi(0)>0; (i=1;2;88k) é>0
Iitrr'1 ilnf xi(t) > & (8i = 1;2; AR k)
(permanence)
é xi(0) (i=1;2;A&k)
bd A
©
3.6 (9) unique XE 2 intA x(0) 2 intA
127
; — E
TIl!m1 T, X(t)dt = x
i
( ) X;

12



3.7 (9)

X 2 inté

3.3

3.1

(bounded rationality)

(myopia)

3.1

40

38

yE2 bdA

x AAyE > yE RayE

©))
intA

36Hofbauer and Sigmund [17],
37

38

39

40Mailath [24] van Damme [34]

19

13

36

(inertia) *°7

(mutation hypothesis) 3°

Kandori,Mailath and Rob [21]



|
Gilboa and Matsui [14] Matsui [25]

12
(best response dynamics) |

p(t)
d+;‘t(t) = h(t) A x(t); (10)
h(t) 2 BR(x(1)):
12 BRX() = =, BR(X(1) BRi(x(1)) X(t)
i X(t)
BR(x(t)) BR(x(1))
h(t)
Gilboa and Matsui [14] cyclically stable set(CSS)
3.1 Matsui [25] h(t) step function BR(x(t))
BR(x(t))
%x(t) 2 BR(x(t)) A x(t); x(0) = x°
(di&erential inclusion) BR(A
u.h.c Aubin,J.P and H.Frankowska [4] Aubin,J.P and A.Cullina [3]
3.5 X2 A x (directly accessible) (10) X(0) = x

T xX(T) =X

3.6 X x (accessible)

1. X' x
2. X ~)g X ox
3.x y y X
3.7 C cyclically stable set(CSS)
1. C
2. C C
ot Matsui [25] Gilboa and Matsui [14]

14



CSS better

CSS
42 CSS *“ cyclically’ CSS
cycle CSS ESS NSS
43
3.2 Brown [5] &ctitious play Fudenberg and Levine [12]
3.4
44
( )
( ) ( )
Zeeman [38]
( )
( )
Skyrms [30]
Taylor and Jonker [33]
(a )
S1|S2|S3

S1| 2 1 5

S2 | 5 a

S3| 1 4 3
42Gilboa and Matsui [14] CSS CSS EES
43Gilboa and Matsui [14] Matsui [25]
44 [27] Lorents [23] Hommes [18] Rand [28] Medio [26] Day [8]

Collet and Eckmann [6] Guckenheimer and Holmes [13] [1]

15



1l.a=1 ESS

2.a<3

3.a=3 ( )

4. a>3 spiral

a=3 a5
Hopf 46
Skyrms [30] (Hopf
)
3.1 Skyrms [30]
(a )

S1 | S2 | S3 S4
Sst1| -1 | -1 |-10| 1,000
S2|-15| -1 | -1 | 1,000
S3| a |05 0 |-1,000
S4| 0 0 0 0

a=2 spiral a 2:55
Hopf (
attracting set )
a a = 3:885 2 a=4:00
a=>5 2

.2 insert about here

( )
{
n Xi i ri ( ) aij
| Xi
{ o) 1
dx; X
d_tl =xi @ri+  aj;A
i=1
45 Weibull [37]
46 Zeeman [38]

16



) 48
n=3 ( )
49
A= (aij)
. A - A
o _ x;i e' AAx A x Aax
dt
3.8 (n+1) n {
50
4 ( )
3.5 Diamond,D.and P.Dybvig Q)
Diamond{Dybvig [9]
Diamond{Dybvig
Diamond{Dybvig “ ”
D
P 1Ap
2D
1) 2R
2) 2r
R>D;D>r>1D
47Hofbauer and Sigmund [17]
48 Hofbauer and Sigmund [17],18 .
49 Li and Yorke [22]
Collet and Eckmann [6] [1] Li and Yorke [22]

Li{Yorke
S0Hofbauer [16] Hofbauer and Sigmund [17]

17



M

r
2
D 2rAD
) R
Matrix DD
(h) (n)
(h) r,r D,2r-D
(n) 2r-D,D R,R
(h:h) (h;n)
(n;n)
matrix DD (h;h) (n;n) “ R Féé? L
ESS
(n;n) 2.2 ESS
p
Uy =pr+ (1 ApD
Un =p@2rAD)+ (1Ap)R
.3 insert about here
.3 p < %’% “ n” p > %% " hH
51
x(t) = (p(t); 1 Ap(t)) A “ A 1
C . )
d)((j(tt) =[n]Ax(®) <0 (p()< Fé@'? 1)
"W =[N Ax®) >0 (O0)>F4R) (2
51(10)

18

p(t)




M)

p(t) = p(0)ert (p(0) <

REDY (@ p®) =1A(LAp(0)ert (p(0) > R42
(€)) p(t) AX 0
(n;n)
adverse selection
2 p(t) Ar 1 (h;h)
SRR p(t) = 42
- PO) = TR
(5R2: RAr ,‘ . s0 g 8t
RAD DAr
RATr RATr
Diamond{Dybvig [9] matrix
“ (h, h) ” (h, h)
0<p(0) < F;Q?
) pM =1
RAD <p(0) <1
0<p(0) < TR : ”
pt)  FRP
p) TR
1152
p(0) R>r>D
matrix (n;n) “n”
p(o) “ nH
dx(t "
O = AP <0 8p(0) 2 [0;1]
(n;n)
A4 insert about here
4
4.1
one{shot
52 1927 RAD
P Rar

Kandori et al [21]
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53

(N @ ) 54

55

Matrix KMR
Sy So
s; | a,a| bec
s, |cb|dd
e t=1;2: 84
e t S =(s1;s2)
ezt S1 T=71;2,88 z=10;1;2; BAANg
z TAL Z
Z
e q(z) Si
5(2) = zA1a+ NAzb_
A =N ERI T NAD
. z NAzA1
=_" ¢+ -~
©@) =AY NAL ¢
ez Darwinian (D)

Zev1 = b(zt)

(D) sign(b(z) Az) =sign(61(z) A&(z)) z=0;N

6.(0) > &(0) =D b(0) > 0;
G(N) <&(N) => b(N) <N

61(0) T &(0) => b(0) = 0;
Aa(N) T &(N) => b(N) =N

53 Foster and Young [11]
54 Kandori,Mailath and Rob [21] [21] 2
55 (@Ac)(dAb) <o0: (ii)a > c¢;d > b: coordination (iila<c;d<h:

20



NI

56
Zer1 = b(ze) + X Ay (11)
(11) Z =10;1;2; AB&Ng

Pij = Pr(ze+1 = Jjze = 1)

P = (pij) qt) t z
5 g(t+1) =q(P
fi= P
A= (fo; iy A& my) 2 An (stationaly distribution)
58
" > 0 r’:‘(ll)
q(0)
1. limew 2 q(t) = A(Y)
2. i) 59
60
4.1
i = lim 7(")
i (limit distribution) ~
supports?
4.2 C(ﬁé) (long run equilibrium) ~
tree
4.3 Z =10;1; A& Ng z{tree h Z (L)
Znfzg o Znfzg z

56 Xt Yt Xt © B(N Ab(ze);™) ye © B(b(ze); ™) P
7q(t) = (do(D); a1 (t); A& an (D) a@®  N{ An =fa®) 2 RN jgu () T 0; ai(t) = 1g
58 a=2b=c=0d=1 z¢ N O N=3 N=3
59
60
619 = (do; d1; A¥an) 2 A support C(q) = fi 2 Zjgi > 0g ( Z =10;1; A& Ng)

21



z{tree h H, n n q
z{tree tree z{tree
% X Y
0z = Pij (12)
h2H (i ¥ j)2h
4.1 62
4= (qo; Aan) A= (Fo; s AR AY) 2 An
A= Jim 7, = lim B0
T=inh =R Ee
>0 () do Aan , 0
23 23 v; gz 0
4z =0O(") &3 (12) cj " %0 pij 0
pij — O(IIC )
>
Vz = min Cij (13)
" Gr)zn
(i ¥j) Cij 1 J Piby ¥1 (" 10)
Cib(i) = 0 Cij (l | .l)
b(i) i j
jb(i) Ajj
4.2 o4
Cij = jb(i) Ajj (14)
(13) (14)
Vz; = min jo(i) A jj
(i1j)2h
65
. P
F q " 0z = \'>I=o az(v)“V
az(v) 0 vz = minfvja;(v) = 0g 66 vE = min, v,
a= = (ao(vF); ABhan (vF))
4.3 i

62Kandori,Mailath and Rob [21].

63 az(") O vz =0
64Kandori,Mailath and Rob [21]

65 5

6 gz O az(0) =0 v; =0



C(ﬁE) = argmin,ozV;

Kandori,Mailath and Rob [21]

4.4 NT2 (D)
e Sy N 1
e S2 N 0 °
4.5 coordination zE= N=2 67
NT2 (D)
é 7E < N=2 N 1
) 78> N=2 N 0 ©
4.6 coordination zE= N=2 N T 2(aAd)=(aAcAd+h)
4.7 coordination security lebel (b=¢c)
a>d N T2
4.8 coordination zE = N=2 NT4 (D)
Ei1=(s1;81) Ez2=(s2;52)
2
4.2 Diamond,D.and P.Dybvig (1
Diamond,D.and P.Dybvig
(N : ) 5
3.5 t=1;2; ABA
Matrix' DD”  MatriX* KMR’ Matrix
DD coordination 4.5
N RATY
2 T R+rA2D (15)
N 0 RAD<DAr |
r 1 @5
67 ZE=[N(Ab)+aAd=@Ac+dAb) s1 (dAb)=(aAc+dAb)
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