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Abstract: This research constructs the financial market model and analyzes the real market

with evolutionary game theory. Especially, this research focuses on the order book in the financial

market. This research is based on Kikkawa [7], extends that each player has a risk attitude and

analyzes the order book with Micro-Econometrics’s methods. We derive Nash equilibrium from

this regression method and we present the method to forecast the next step.

1 O8aK

\FOTl, CKb;Tlr2<`}@rQ$F, F

gNNT0+i}@r=[7h&H9kbNG"k. #

^GPQXGO, ?/NTlKX9k&f,5lF-

?. c(PlLQU}@dt}U!$Js9Khk&

f,s2ilk. ^?GaGO2<`}@rQ$?T

lr&f7?bNb8_9k. 7+73liN?/O

G,JuVr4Yk,O*J&f,?$. =3G\&

fGOJ=2<`}@rQ$F, TlNDpsKe\

7, Tlr-R9k.

\FGOHn [7]rpCH7F, FgNKj9/KP
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mWLPQXNj!rQ$k3HKhj, FgNOIN

h&Ko,rs(7F$kN+rM!9k.
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bGkrj0=7, o,Nt, 2DNlgrhje2

k. ^?33Gj0=7?bGkrB]NTlN,O

KHQ7, F|NTlNuVr,O9k. h 3aGO,

p\bGkrH%7, gN,j9/KP9kVY,"k
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k@H#eN]jyrRYk.
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2 bGk

3NaGOHn [7]rpCH7F, TlNbGkr=

[9k. 33GOx_*K, gMtNgN,*j, 2D

N0k<W,"kH9k1) . 33GOdjjHc$j

r[j7F$k. "k|K=l>lN0k<W+ii

s@`K 1MED*Pl, *Pl?gN1N,2<`,

dcrT&H9k. ^?FgNO n(< ∞)DNo,r

}CF$kH9k.

\FGOZtTlr[j7F$kNG, c(P= 1N

h&JDpsN<G, 1DNbNdcrTCF$kHM

(k. hCF33GFgNNo,HO,"kb (tJI)

r$/iG, c&, dkN+H$&AJr=7F$k.

3Nh&JDpsKpE$F, hzj,sjMJrh

a, dc@sryk5;k. ?@73NbGkGO 11

LNbNdcN_rM!7F*j, @Vk*</7gs

Nh&JtL^GM!9k3HOG-J$. =N?a

tLO?/NM,=NAJGdc9kH$&3HG=

=7F$k.

33GNFgNNx@Oyk7?dc@srbHK,

FgNNx@,j^k. CK3N2<`O<m=5`

?Nx@=$r7F$k. tA&XtO~VHHbK

Q=7F$k.2) =N?a t|NFgNNx@O=l>

l S(t) − K, K − S(t) HJk. ?@733GK OT

HAJr=7F$k.

3N3HOgKJ=2<`}@GHQ5lk!Nh

&J Replicator}x0rQ$F, ==9k3H,G-

k. x@ giNM,tA&XtNT,'JQ0KhCF,

1)J=2<`}@N8.GOsPN 2 M2<`N3Hr(7F$
k.

2)tA&Xtrv? Brown?07F$kH>j9kH,t}U!
$Js9G&f5lF$k_jHQoiJ$. =Nlgt}U!$
Js9N&fK_/m*pCU1r}?;?lgH7FLVU1k
3H,D=HJk. [5]
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= 1: DpsNc (l~ZthzjN[<`Z<8hj)
(m) 1. "kU!YCHOhz2CT-fNeQ. 2. "kU!
YCHNeNtzOttG, 15O 1 15Nt0t 1000 t
H9k. 3. ©uOFMNhz2CT-fZSttrJ,. 4.
OM,hj9k^GNFMKD$FO, 9YF1~KTol
?bNH_J9.

=N?QM ḡ Na5G~V*Kis@`JQ=r9k

bNH9k. D^j!N}x0OrM(k3HKJk.

(2.1a)
dxi(t)

dt
= xi(t)

(

gi(t) − ḡ(t)
)

,

(2.1b)
dyi(t)

dt
= yi(t)

(

hi(t) − h̄(t)
)

,

?@733G xi HO o, irNQ9kN(H9k.

3N}x0O (2.1)Nj-*J-AOlLKO,+i

J$.3)

2.1 c'o,Nt, 2D

=3G33GOc$jHdjjN=l>lNo,O

THAJH7, {bear, bull}JIN 2DN {o, 1, o

, 2},"kH7, h|H)Ko,r*r9kH9k.4)

CK33GO0|NTlr2MK, #|No,, THA

Jrhj9k. c(P0|,sjMJ,e:7?lg

O, #|bsjMJ,e:9k (c$jNlg, bear),

"k$O<n9k (c$jNlg, bull)JIhj9k

H9k.

3N2<`O!Nx@=Nh&K, <ma5`?N

2<`=$r7F$k. ?@733GNx@ gi(t) =

3)PN 2 M2<`Nlg, gNNo,N,[OPt5,-K>
&.(Kikkawa [6] N?j 3)

4)B]NTlGO, FgNNo,NtO<$<$ 5 DxYG"k.
^? 1 ,dt=CxYN6;|*JTlNlgGM(kH, 3 Dx
Y (bear *, bull *, QUAJH18o,)G=oJ$.

a(t), b(t) H9k.

I@ II o, 1 o, 2

o, 1 a(t),−a(t) 0, 0

o, 2 0, 0 b(t),−b(t)

x@= 1

3NH-N Replicator}x0O!Nh&G"k.

(2.2a) ẋ = x(1 − x)
{

− b(t) +
(

a(t) + b(t)
)

y
}

,

(2.2b) ẏ = y(1 − y)
{

b(t) −
(

a(t) + b(t)
)

x
}

,

?@7 xrgN I,o, 1rNQ9kN(H7, yrg

N II,o, 1rNQ9kN(H9k. ^? (2.2)N>

Ur xy(1−x)(1− y) Gdj,%6=9kH,!r@k.

(2.3a) x(t + ε) = x(t) −
( b(t)

y(t)
+

a(t)

1 − y(t)

)

ε,

(2.3b) y(t + ε) = y(t) +
( b(t)

x(t)
−

a(t)

1 − x(t)

)

ε.

3N0rQ$k3HKhCF, 1 |hNo,N7'"

x, yNMrNk3H,G-k.

!aGB]NTlr,O9k0K,TlNbGkNx

@=rjA9kH, !N 3DK,`9k3H,G-k.

33GOTlN0V, Q=rgcK4YF$kNG, t

|NsjMJ, t − 1|NbNKfYF, (i) QoiJ

$, (ii) e,k, (iii) <,klgN 3DNlg7+J$.

33Gx@=fNx@OdfG=7F$k. ^?c

$j,o, 1rNQ9klgO, bull(/$)GB$AJ

rs(, o, 2NlgO bear(e$)Gb$AJrs(

9kHra9k. djjNlgb1MKo, 1rNQ

9klgO, bear(e$)GB$AJrs(, o, 2Nl

gO bull(/$)Gb$AJrs(9kHra9k.

(i) sjMJ, t − 1|+i t|GQ=7J$lg:

I@ II o, 1 o, 2

o, 1 +,− 0,0

o, 2 0,0 −, +

x@= 2-1

3NH-Nx@=OsjMJ,Q=7J$~K*$

F, c$jHdjj,&Ko, 1rNQ7?lgO, s

jMJhjbB$AJGhz,G-?NG, c$jK

-xJx@HJk. UKdjjNlgOTxJhzH

JC??a, iNx@r@k3HKJk. ^?c$jH

djjNAJ,gW7J$lg, c(Pc$j,o, 1

rNQ7, djj,o, 2rNQ7?lgO, sj,.

)5lJ$?aKFgNNx@O 0HJk. ^?3N

2<`NNashQUO (c$jNo,, djjNo,)=
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(o, 1, o, 2)G"k.

(ii) sjMJ, t − 1|+i t|Ge:9klg:

I@ II o, 1 o, 2

o, 1 +,− 0,0

o, 2 0,0 0,0

x@= 2-2

3NH-Nx@=Oc$j,o, 1NB$AJrs

(7, djjbo, 1NB$AJrs(9kH, sj,

.)7, c$j,5Nx@r@, djj,iNx@r@

k. c$j, djj&Ko, 2rs(Nlgsj,.)

9k,, |TH18AJHJCF*j, &Kx@r@J

$?aK, 0H7?. ^?o,,lW7J$lgOeR

H18G"k. ^?3N2<`NNashQUO, (c$j

No,, djjNo,)= (o, 1,o, 2), (o, 2,o,

2)G"j, CK (o, 2, o, 2)O04QU@(perfect

equilibrium)G"k.

(iii) sjMJ, t − 1|+i t|G<n9klg:

I@ II o, 1 o, 2

o, 1 0,0 0,0

o, 2 0,0 −, +

x@= 2-3

3NH-Nx@=Ox@= 2-2No, 1ro, 2, o

, 2ro, 1KV-9(lP, 18@}G"k. ^?

3N2<`NNashQUO, (c$jNo,,djjNo

,)= (o, 1,o, 1), (o, 1, o, 2)G"j, CK (o

, 1, o, 1)O04QU@G"k.

JeNkL, x@= 2-1,2,3K&L9kNO, NashQ

UH7F, (c$jNo,,djjNo,)=(o, 1,o,

2) ,8_9k3HG"k. D^jc$jOB$AJr

s( (bear)7, djjOb$AJ (bull)rs(9kH

$&o,,sjMJ,INh&KQ=7h&Hb, oK

3No,,s(5lkH$&3H,,+k. B] (2.3)

+ib, Brown?0*Ko9Hx@,Q=9klgr

M(Fb, oK x → 1, y → 0 (c$jOo, 1(bear),

djjOo, 2(bear)) HJk3H,,+k. D^jc

$jddjjO+,K-xJT0rNQ9k9~,"

kH$&3H,,+k. 3NkLr=N^^,Q9k

H, sj,.);:,tA&XtNQ0OJ$H$&3

H,d,5lk. 7+7B]KOtA&XtOe<7

FQ07F$kNG, 3Nx@=GOTlr-R9kK

OT=,G"j, $5,,W@H,+k.

2.2 ~Q : |P 225h*Tl

e-NbGkGOXtOv?Brown?07F$kH

>j7F$?,, B]NXtOv? Brown?07F$

J$H$&3H,Q!5lk. =3G3NaGO"k

|K*1k 1,-N|P 225h*TlK*1kXtN

*MG<?rQ$F, TlNuVr,O9k. D^jB

]NTlG<?NM+i2<`Nu7r,`9k.

c(P 2009/ 8n 26|, 1|N|P 225h* 1Bn

K*1k 1,-NXtNd\O^ 1Nh&KJk.

^ 1: 2009/ 8n 26|, |P 225h* 1BnK*1k

1,-NXtNd\.

eR7?x@= 2Osj.)K*$FNx@G"j,

=NB=N7d95^GOM8K~lF$J$. c(

PhzK*$F, sjr.)5;k@1G"kJiP,

=_NMJK*$F, m8rT(P, 3NlgOxWO

/J$,sj9k. 7+7o,*KAJE1?lg=

,,v?kH, x@,/7?/@k3H,G-k3H,

"k. eR7?x@= 2O3Nh&J3HrM8K~

l:, x@Ng-5N_Ke\7?. =N?a=BHO

[Jkh&Jk@,@il?. =3G!Nh&Kx@

=rQ99k.5)

(i) sjMJ, t − 1|+i t|GQ=7J$lg:

I@ II o, 1 o, 2

o, 1 −, + 0,0

o, 2 0,0 −, +

x@= 3-1

3Nx@=OsjMJ,Q=7J$~K*$F, Nash

QU,.go,HJkh&Kx@rQ97?. c$j

Hdjj,&Ko, 1(2)rNQ7?lgO, djjO

sjMJhjbB (b)$AJGhz,G-, dk (c

&)3H,G-?Hra9k3HKhj, 5Nx@r@

k. UKc$jOhj-xJroGX~9k3H,G

5)B]FgN,INh&Jx@=r}A,2<`rTCF$kN+
O,+iJ$. =3Gx@=+i@ilk Nash QU+ij0=9
k.
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-kNG, iNx@r@kHra9k. ^?c$jHd

jjNo,,gW7J$lg, c(Pc$j,o, 1r

NQ7, djj,o, 2rNQ7?lgO, AJ,lW

7J$?a, sj,.)7J$?aK, FgNNx@O

0HJk. ^?3N2<`N NashQUO.go,G"

k.

(ii) sjMJ, t − 1|+i t|Ge:9klg:

I@ II o, 1 o, 2

o, 1 +,− 0,0

o, 2 0,0 +,+

x@= 3-2

3Nx@=Oc$jOo, 1NB$AJrs(7, d

jjbo, 1NB$AJrs(9kH, sjO.)7,

c$jO5Nx@r@, djjOiNx@r@k. c$

j, djj&Ko, 2rs(NlgO, |TLjKsj

,.)7, $/i+Nc$j, djj&K5Nx@r@

k. ^?o,,lW7J$lgOeRH18G"k. ^

?3N2<`NNashQUO, (c$jNo,,djjN

o,)= (o, 2, o, 2)N_G"k. hCF3NH-O

AJOe,jd9$3Hr(7F$k.

(iii) sjMJ, t − 1|+i t|G<n9klg:

I@ II o, 1 o, 2

o, 1 +,+ 0,0

o, 2 0,0 −, +

x@= 3-3

3Nx@=Ox@= 3-2No, 1ro, 2, o, 2r

o, 1KV-9(lP, 18@}G"k. ^?3N2<

`NNashQUO, (c$jNo,, djjNo,)= (o

, 1, o, 1)N_G"k. hCF3NH-OAJO<

,jd9$3Hr(7F$k.

33GO3Nx@=rB]NG<?KvFOa, Repli-

cator}x0N0Wr4Yk. tA&Xt S(t)O 2009

/ 7n 17|+i 8n 26|^GN|P 225h* 1Bn

N 1,-N t − 1|KfYF t|N*M,e: (<n),

=lHbQ=7J$strt(kH, 5]*KAJ,Q

=7J$uV,?$.

^ 2O 2009/ 8n 26|NG<?K*$F, MJ,

e:7? 90s, x@= 3-2rHQ7, UKMJ,<n

7? 89sO, x@= 3-3rHQ7, MJ,QoiJ$

314sOx@= 3-1rHQ7?lgN Replicator}x

0 (2.3)N0W (B~ (V))G"k.

JeNh&K;|TlNC-rxQ7F, x@=r7

?Kj0=7, FgNNG,JT0WmU!$kr3P

7?.

^ 2: 2009/ 8n 26|NG<?rxQ7, B~ (V),

Replicator}x0 (2.3)N0W, @~ (P) OFgNN

T0r=,7?eG, G,JT0N0Wr=7F$k.

(x, yNi|MO&K 0.5H7?.)

3 j9/KP9kVY

#^GOFgNOj9/f)*JgN,$klgr

M(F-?. 33GOFgNKj9/KP9kVY,

"klgrM(k.

J=2<`}@K*$Fx@Xt giOlL*JXt

G"j, ~A, s~AHjaF$J$. =N?aE5*

JJ=2<`}@K*$FO, x@XtO g(x) = xr

>j7FD@7?HM(k. =3G\FGOFgNN

x@Xt, 1,, 2,N Taylor8+7F@ilkbN

rQ$FD@9k.

33G g(x)Oh n,^Gy,D=H9kH,x@X

t g(x + z)O!HJk.

(3.1) g(x + z) = g(x)+ g′(x)z +
1

2
g′′(x)z2 +O(z3).

?@733GO z ∈ X (X ObN8g)O2<`K*1

kx@H7, x ∈ X r=_j-7F$kbNLH9k.

hCF xO=_Nq:Lr=7F$k. ^?3N2<

`rL7F@ilkzQO!Nh&KJkH,+k.

(3.2) g(x + z)− g(x) = g′(x)z +
1

2
g′′(x)z2 +O(z3).

3lO!NjArQ$F, 0}9kH, ,+jd9/J

k.

jA(Arrow [1], Pratt [9]): x@Xt u(x)O 2,y,D

=G"kH9k. 3NH-, xKD$FN Arrow-Pratt

NdP*j9/srY(absolute risk aversion)HO!

N3Hr@&.

rA(x) = −
u′′(x)

u′(x)
. ——

3NjArQ$F, Q99kH, z
(

1 −
z

2
rA(x)

)

> 0
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NH-, g(x + z)− g(x) > 0HJj, 5Nx@r@F$

kH,+k.

3Nh&KFgNKj9/KP9kVYr}?;k

H, h[INx@=O!Nh&KQ95lk. 33GO

J1=N?aK, v3Wi9Nx@r@ilklgOJ

/JkH9k.

(i) sjMJ, t − 1|+i t|GQ=7J$lg:

I@ II o, 1 o, 2

o, 1 −,− 0,0

o, 2 0,0 −,−

x@= 4-1

(ii) sjMJ, t − 1|+i t|Ge:9klg:

I@ II o, 1 o, 2

o, 1 −,− 0,0

o, 2 0,0 +,+

x@= 4-2

(iii) sjMJ, t − 1|+i t|G<n9klg:

I@ II o, 1 o, 2

o, 1 +,+ 0,0

o, 2 0,0 −,−

x@= 4-3

3Nh&Jx@=N<G, eRH1MK Replicator

}x0r3P9k.

^ 3: 2009/ 8n 26|NG<?rxQ7, B~ (V),

Replicator}x0 (2.3)N0Wr=7F$k.

3N^+i,+kh&K, FgNKj9/,"kH,

FgNOsj9k?aNo,,*r5lkH$&3H

,,+k. =N?ao,,lW7d9/Jj,AJNe

:, <n,/3jd9$u7G"k3Hr(7F$k.

c(P3lOB]NTlK*$FO, !7\c$Nh&

Jc$,c$r8`h&Jo,KP~9k.

4 ?`m8CHbGk

#^G|Tx@,b/Jkh&Ko,r*r9kH

7F-?. B]NTlNDpsr, _/mWLPQX

Nj!G"k?`m8CHbGk (Multivariate Logit

Model)rQ$k3HKhj,FgNNT0r,O9k.

33GO J(< ∞)DNXMm89ktA/*rh,

"j, tANMr yi G=9. ^?33GFgNO=l

>lN|Tx@rW;7, "k*rhr*VHM(F$

k. ?@733GO|Tx@H"k*rhr*VN(

OfcX8K"kH9k. ^? xiH$&0-r}C?

gN i,*rh j r*VN( πij r!Nh&K=9.6)

P (yi = j|xi) = πij , πij =
exp(x′

iβj)
J

∑

r=i

exp(x′
iβj)

, j = 1, · · · , J .

πij r0QA7, ,J=9kH, !r@k.

πi1 =
1

1 +

J
∑

r=2

exp(x′
iβr)

,

πij =
exp(x′

iβj)

1 +
J

∑

r=2

exp(x′
iβr)

, j = 2, · · · , J .

!Ko, 1rp`Ko,nN*rN(r3P9k. 3

lr*C:fHFV3Hb"k.

P (yi=j|xi)
P (yi=1|xi)

=
πij

πi1
= exp(x′

iβj) ⇒ log
(πij

πi1

)

= x′
iβj .

33GO"ko,r*r9kN( Y r!Nh&KV-,

dj9k.

Y = α + βX + u.

?@7 αOjt, X rPtTHAJ, ur5,,[K

>&N$:`H9k.7) 33G!Nh&JDps (= 2)

Nlgrhje2k.

3NH-lL*Js",ONj!rQ$kH,!Nh

&J{W, !kXtr@k3H,G-k.

{WXt: Y = 583.93 − 146.27X ,

6)Kikkawa [4] GO, J<N( πij ,XtXtNAur7F$k
N+r, }WOXG&f5lF$k Ising bGkrQ$F, Z@, 5
iKO7?J Nash QUNrar?(F$k.

7)0XKH%9klg, |Tx@GM(kY-G"kHM(F$
k. =N?a33GN*rN(O, sjN(&9TAJHsj7?H
-K@ilkx@NQG"k|Tx@Hfc7F$kHM(k3H
,G-kNG, !Nh&KV/3H,G-k.

Y = α + β1X1 + β2X2 + u

X1 rPtTHAJ, X2 rPtsjN(&9TAJH9k.
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(dFM) CA (MJ) (cFM)

0 .TFM 0

492 9840_ –

506 9830_ –

444 9820_ –

530 9810_ –

784 9800_ –

– 9790_ 197

– 9780_ 734

– 9770_ 640

– 9760_ 643

– 9750_ 598

= 2: |P 225h* 1Bn, 2009/ 11n 5| 9:03ND

NuV

!kXt: Y = −237.14 + 59.57X .

^?3N{W, !kXtO2<`}@G@&, G,~

zP~(best-response correspondence) HJCF$k.

hCF3l+iNashQU@,aak3H,G-k. c

(Pe-NDpsNlgN NashQU@Os 9740_G

"k. CK33GO3NDpsK*$FO, NashQU

OXMAJhjb, c$NG, sjAJ,<,k3H,

d,5lk.8) ^?3NH-NNashQUO ParetoG

,Ju7GOJ/, |MN8ls^*J2<`HJCF

$k3H,,+k. 3Nh&KNashQUNM+iDp

sK*$F, AJ,<,jd9$, e,jd9$H$&

3H,d,9k3H,G-k.

5 *ojK

JeNh&KHn [7]Gj0=7?b;TlNbG

krhje2, 3lKFgNKj9/,"klgKH

%7?. 5iKODpsr_/mWLNj!rQ$F,

BZ,O, 3lKpE$?=,rT&7?Jj!rsF

7?.

=3+ij9/,"klgO, FgNOj9/rr

1k?aK, =N>NgNH1MNo,rhjd9$

=$KJCF$k3H,,+C?. ^?BZ,OGO,

Kikkawa [4]N8.GM!9k3H,G-,3lrQ$

F,Dps+i!|NsjAJr=,9k3H,G-k.

#eN]jH7F, ^:_/mWL,ONj!Hp\

bGkHNX8r@i+K9k. c(P, bulld bear

H$&50rINh&KtM=7F$/N+, ^?B]

TlNDV+;DWHFPlk,loNxp*JtLr

s(9k3H,"k. 3lrINh&Khj|/N+

8)^?B], tCesjAJO<n7?.

JI, tMH7F@ilkTlNG<?H}@HN*%

rINh&Khj7&N+H$&3H,s2ilk.

!KDps,~VHHbKQ=7F$/ PanelG<

?rhj7&3HG"k. c(P>, > [8]GO#l

^k3UbGk (Hidden Markov Model)rQ$F, D

psrhj7CF$?,, s~AuVuVbGkH7F

hj7$, }@HBZHNfSrT&.
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