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Abstract: This paper constructs the option market model and analyzes the real market with

evolutionary game theory. This model can predict the next market states with the equilibrium

stability condition. In addition, this paper compares this model and Black and Sholes [1]. We can

interpret that this model gives a player’s micro-foundation with Black and Sholes [1].
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\FOt}U!$Js9N&fr2<`}@rQ$

F, FgNNT0+i}@r=[7h&H9kbNG"

k. Black-Sholes [1] rO8aH9kt}U!$Js9

N,nK*$FO, m1q:, tAOv? Brown?0

9kH$&0sN<GD@5lF$k. =N?a3N

PQK$kPQgNNx@O>[*Kis@`KQ=

7F$kHM(k3H,G-k. 3Nh&Jx@,i

s@`KQ=9k2<`r-R7?&fKHarsanyi [3]
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7?=,, 5iKOB]NG<? (|P 225h* 1Bn

1,-, 2009/ 7n, 8n)rHQ7, Q09kG<?+

i,+kTlN=$dG,JT0WmU!$kr3P

9k.

3N@8O!Nh&K=.5lF$k. h 2aGO,

bGkrj0=7, o,Nt, 2DNlgrhje2

k. h 3aGO, h 2aGj0=7?bGkrB]N

TlN,OKHQ7, F|NTlNuVr,O9k. h

4aGO, *W7gsTlHNX"rRYk. h 5aG

O, k@H#eN]jyrRYk.

2 bGk

3NaGOJ=2<`}@rQ$F,TlNbGkr

=[9k.4) 33GOx_*K, gMtNgN,*j, 2

DN0k<W,"kH9k5) . 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
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Jj, ps=$JIg}KJ,=7F$k. ,O7F$kh&J;|
TlK*$F, B]I$psNM@!?KhjAJ,Q09k3HO
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= 1: DpsNc (l~ZthzjN[<`Z<8hj)
(m) 1. "kU!YCHOhz2CT-fNeQ#2. "kU!
YCHNeNtzOttG"15O 115Nt0t 1000t
H9k#3. ©uOFMNhz2CT-fZSttrJ,#4.
OM,hj9k^GNFMKD$FO"9YF1~KTol
?bNH_J9#

33GNFgNNx@Oyk7?dc@srbHK,

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

?Nx@=$r7F$k.

33GBlack-Sholes [1]JINt}U!$Js9N,

nN&fHNX"-rEk9k?aK,tA&XtOv

? Brown?07F$kH9k. =N?a t|NFgN

Nx@O=l>l S(t)− K, K − S(t) HJk. =N?

ax@Ois@`KQ=7F$kH,+k. ?@73

3GK OTHAJr=7, B]Kx@,@ilkNO,

|vG"k.

3N3HO!Nh&JReplicator}x0rQ$F,=

=9k3H,G-k. x@ giNM,tA&XtNT,

'JQ0KhCF, =N?QM ḡ Na5G~V*Ki

s@`JQ=r9kbNH9k. D^j!N}x0O

rM(k3HKJk.

(2.1a)
dxi(t)

dt
= xi(t)

(

gi(t)− ḡ(t)
)

, gi(t) = gi + ζ(t)

(2.1b)
dyi(t)

dt
= yi(t)

(

hi(t)−h̄(t)
)

, hi(t) = hi+ζ′(t)

?@733G xi HO o, i rNQ9kN(H9k.

ζ(t), ζ′(t)O?QM gi, hiNa5GNis@`J~V*

Q=r(9XtH9k.

?@73N}x0O (2.1)NlL*J-AOrO*K

O,+iJ$.6)

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.7)

CK33GO0|NTlr2MK, #|No,, THA

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

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

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

H9k.

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

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

gi + ζ(t), gi(t) = 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.

3NH-N?U@ (x∗, y∗)O (0, 0), (1, 1), (1, 0), (0, 1),
( b(t∗)

a(t∗) + b(t∗)
,

b(t∗)

a(t∗) + b(t∗)

)

G"j,3NH-NESS

Ob@ (.go,)G"k. ^?Bj-KD$FO, Ja-

cobiTsraak3HKhCF, =l>lN?U@N

Bj-r3P9k3H,G-k.

#^G, Replicator}x0rQ$F, TlbGkN

j0=H=N-AG"C?. !K3N Replicator}x

0rQ$F, !|NFgNNT0r=,9k?aN}

x0r3P9k. (2.2)N>Ur xy(1 − x)(1− y) Gd

j, 0}9kH, !r@k.

(2.3) ẋ = −b(t)

y
+

a(t)

1 − y
, ẏ =

b(t)

x
− a(t)

1 − x
.

BO3NsPN2M2<`OO_kHK"s(Hamiltonian)

HFPlk]8Lr}A [4, 6],!N5`}x0(canonical

equation)r@k.

6)PN 2 M2<`Nlg, gNNo,N,[OPt5,-K>
&.(Kikkawa [7] N?j 3)

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

∂y
, ẏ = −∂H

∂x

3l+i!NO_kHK"sr@k.8)

H = −b(t)
(

log x+log y
)

−a(t)
(

log(1−x)+log(1−y)
)

^?eRN5`}x0 (2.3)ry,Nx0+i%6=9

kH, !r@k.

(2.5a) x(t + ε) = x(t) −
( b(t)

y(t)
− a(t)

1 − y(t)

)

ε,

(2.5b) y(t + ε) = y(t) +
( b(t)

x(t)
− a(t)

1 − x(t)

)

ε.

3N0rQ$k3HKhCF, 1|hN x, yNMrNk

3H,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,)=

(o, 1, o, 2)G"k.

(ii) sjMJ, t − 1|+i t|Ge:9klg:

8)3NO_kHK"sr~VKX7F, 1 ,~Vy,9kH, 0 H
Jk?a, ]8O(conservative system) HFPlk.

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] (2.5)

+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.

3 ~Q : |P225h*Tl

e-NbGkGOXtOv?Brown?07F$kH

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

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

h 2aGja?x@=Osj.)K*$FNx@G

"j, =NB=N7d95^GOM8K~lF$J$.

c(PhzK*$F, sjr.)5;k@1G"kJi

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

WO/J$,sj9k. 7+7o,*KAJE1?l

g=,,v?kH, x@,/7?/@k3H,G-k3

H,"k. h 2aG-7?x@=O3Nh&J3Hr

M8K~l:, x@Ng-5N_Ke\7?. =N?a

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

&Kx@=rQ99k.9)

(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

-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"

9)B]FgN,INh&Jx@=r}A,2<`rTCF$kN+
O,+iJ$. =3Gx@=+i@ilk Nash QU+ij0=9
k.

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.

0aGOXtNQ0Ov?Brown?0Kh^kH7

?,, 3NaGOB]NG<?rxQ9k. !N= 2O

2009/ 7n 17|+i 8n 26|^GN|P 225h* 1

BnN 1,-N t − 1|KfYF t|N*M,e: (<

n), =lHbQ=7J$strt(?bNG"k. 3

N=+ib,+kh&K, 5]*KAJ,Q=7J$u

V,?$.

^ 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 (2.5)N0W (B~ (V))G"k. ^?fLNTge,

G<?JIr(93HOG-J$,, #|Xt,e,k

H, !N|be,k, UK<,kH, !N|b<,kH

$&J"37?XtNQ=O"^j/3iJ$. 3N

3HKe\9kH, !N|NuVK*1kT0,d,7

d9$. D^j#|Xt,e:9kH,!N|OQ=7

J$+, <n9kN(,b$. UK#|Xt,<n9k

H, !N|OQ=7J$+, e:9kN(,b$. 3N
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|U e: <n Q=J7 }:

7/17 79 77 337 +2

7/21 81 70 342 +9

7/22 93 89 311 +4

7/23 93 89 311 +4

7/24 95 85 309 +10

7/27 90 84 319 +6

7/28 84 87 322 −3

7/29 96 80 317 +4

7/30 93 84 316 +9

7/31 90 88 315 +2

8/3 109 97 287 +12

8/4 83 96 314 −7

8/5 71 82 340 −9

8/6 104 94 295 +10

8/7 92 84 317 +8

8/10 78 82 333 −4

8/11 78 73 342 +5

8/12 81 78 334 +3

8/13 80 78 335 +2

8/14 78 76 339 +2

8/17 86 112 295 −16

8/18 107 100 286 +7

8/19 89 100 304 −11

8/20 82 76 335 +6

8/21 102 99 292 +3

8/24 77 70 346 +7

8/25 77 81 315 −4

8/26 90 89 314 +1

8/27 98 101 294 −3

8/28 82 82 329 0

= 2: 7/17∼8/28^GN 1,hN*MG<?r t− 1|

+i t|XNQ=Nstr=7F$k.

M(rQ$kH, FgNrP741k3H,G-k (@

~ (P)).

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

?Kj0=7, FgNNG,JT0WmU!$kr3P

7?.

4 *W7gsTl

0aGOh*Tlrhje2?,, 3NaGO*W

7gsTlrhje2, Black and Sholes [1]HfSr

T&.

\aGO0aNUl<`o</rxQ7, bGk=[

rT&. 33GOh[IH1MKgNN?$WO*W

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

Replicator}x0 (2.5)N0W, @~ (P) OFgNN

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

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

7gsN/TTHX~TN 2?$W$kH9k. =l

>lNgNNo,OTHAJro,H7, {bear, bull}
JIN 2DN {o, 1, o, 2},"kH7,h|H)K

o,r*r9kH9k. hCF3N~NFgNNx@

O*W7gs/TT, K −S(t), X~TO S(t)−K H

9k. hCF3N2<`O!Nx@=Nh&K, <ma

5`?N2<`=$r7F$k. ?@733GNx@

gi(t) = gi + ζ(t), gi(t) = 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@= 4

eRNgNNo,*JT0rBlack-SholesbGkK

3~9kH, THAJ,Q95lkH$&3HG"k3

H,,+k. Black-SholesNx03PN]KTHAJ

NQ9,FA9kNO,-&rorHQ9kH-G"C

?.10) =N?a=N-&rorK := K̄ H9lP, 3

NlgN Black-SholesNx0,3P5lk.

(4.1) f(S, t) = S · N
( u

σ
√

x
+ σ

√
x
)

− K̄ · e−rx · N
( u

σ
√

x

)

.

?@7 K̄ =o, 1K*1kTHAJ ·x∗+o, 2K*

1kTHAJ ·(1 − x∗), x∗ O.go,rNQ9klg

NN(H9k.

Hn [8]GO"3,%6~VNOK*$F,]<HU)

j*r>Nq:+iFA,"klgKH%7, s~AH

6}x0r3P7, =Ns~A-r2<`}@rQ$F

b@7F$k.

10)U?2H.
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5 *ojK

JeNh&K^:h*Tlrj0=7, TlK*1k

sjMJN0VKe\7, TlNuVr,`7?. !K

J=2<`}@rxQ9k3HKhCF, 1|h=,,

5iKO=lr+[7?FgNK*1kG,JT0W

mU!$kr3P7?.

2<`}@Ox@NhjNE}KhCF, NashQU

,hj9k. =N?al+`bi7$x@=bVcC

F7^&3H,"k. =3GB]Nu7+ix@rj

akH$&j!rQ$?.

3N,O+ib,+kh&K, N(*JWG,Y[F

$k79F`GO, 1|hr=,9k3HOTD=G"

k?a, #^Ghj@+iN:lrN(*JN$:H}

r9kNGOJ/, N(*J&LNfK, hj@*J-

A,"kH}r9k3H,I$h&K68k.

#eN]jH7F, DpsriBK=9 n(∼ 3, 4)o

,Nlg, 5iKODps,hj9lP, sjMJ,h

j9k. =lrhj~l?bGjs0,,W@HM(

k. ^?B3XN~QN?aKO,anNG<?rQ$

?,OGOJ/, #=_NG<?r~j7, =lrC)

9kH$&*si$sj"k?$`N,O,#eEW

HJCF/kHM(F$k.

U?: Black-SholesNx0

33GO Black-Sholes}x0r3P9k. bO 2b

"j, xR( rGQ=7F$/B4q:H,v?Brown

?0K>CFQ09km1q: (tA)S,8_9k. 3

3GO[j!qO8_7J$H9kH, ]<HU)j*

NAMO!r@k.

(A.1) r · f(S, t) =
∂f

∂t
+

1

2

∂2f

∂S2
· σ2S2 + r · ∂f

∂S
· S,

-&ro f(ST , T ) =

{

ST − K, ST ≥ K,

0, ST < K.

3NPy,}x0O Black-SholesNPy,}x0H

FPlk. ^?3N0rQA9kH, !N0r@k.

(A.2) yuu(u, x) =
2

σ2
· yx(u, x),

-&ro y(u, 0) =

{

K · (eu − 1), u ≥ 0,

0, u < 0,

?@7, f(S, t) = e−r(T−t) · y(u, x), u = log
S

K
+

(

r −
σ2

2
(T − t)

)

, x = T − t H9k. 3NPy,}x0O.

}x0(heat equation) G"kH,+k. 3N (A.2)r

r/H!r@k.

(A.3) f(S, t) = S · N
( u

σ
√

x
+ σ

√
x
)

− K · e−rx · N
( u

σ
√

x

)

.

3lOBlack-Sholes(3<k&*W7gs)Nx0H

FPlF$k.
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