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This Talk (A< Ex &)

ANALYSIS the financial market with
Evolutionary game theory.(E BT iZIZH LN
T. &7 —LERZAWNT, 29 %)
PREDICT the next market state with Stability
Analysis.(Z B 7AW EIZKD T,
READHIBDIREE T BT B)

EXAMINE the Real Market (Future Market) to

apply this model. (8 L1=ETILZH &I,
EEDOHIZZ DT 5)
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OUTLINE

. Introduction (Motivation)
. Related Literatures and Review
N \VileYe[=]

. Apply this model to the Future
market (Nikkei 225)

5. Option Market (Black-Sholes Eq.)
6. Summary (Future works) \/
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1. INTRODUCTION




Motivation (Z1)

* For Practical Use (5'%3’%’\0)%»

1%

5L T)

More Detail (&Y E{KBIT), More Useful (&Y

ZI[Z3LD)

%We construct the market from the market

depth. (TR[5ERIZEB)
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Motivation (Z1)

* For Practical Use (5'%3’%’\0)%» 1%

5L T)

More Detail (&Y E{KBIT), More Useful (&Y

ZI[Z3LD)

%We construct the market from the market

depth. (TR[5ERIZEB)

e Econophysics (fX/F¥IIEE)

e Use the “Real Data” (EEDT—2ZHY 1k

D)
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Market Micro Structure

(BN ITAHIARNSHFv—)

* Roughly Speaking, We analysis the agents’
behavior from the financial data.(7—43H\5

e Method:
B L3

MIZSINEDITEIZIES)

Evolutionary Game Theory (1t

— Esaley a

_nFFH)
nd O’hara (1992) [HP]
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Market Micro Structure

(BN ITAHIARNSHFv—)

* Roughly Speaking, We analysis the agents’
behavior from the financial data.(7—43H\5

MiESINEDITENZTEES)

e Method: Evolutionary Game Theory (1t
4 — LIRER)

— Esaley and O’hara (1992) [HP]

 + In this talk,

we use the “Real Data.” (EEDT—2%%D)
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2. RELATED LITERATURES
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Related Literatures(5t{THZ%)

Micro Structure

Applied Evolutionary Game Theory
JIIF (2008)

PUCK (Econophysics)
Takayasu, et al. (2006) [HP], Yamada, et al.
(2008) [HP], Yamada, et al. (2009) [HP] \/
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3. MODEL




Model (BT /L)
* Players... large population : seller and buyer,
potentially (R AZDBERGTTYFEEL
¥)

* Goods (87) ... 181
o Strategy (EXHR)... n (<o) {E&
Here, the price : how much do you buy or sell a

goods. (CCTIXEEA . oA
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Model (BT /L)
* Payoff (F1%) ... Buyer : S(t)-K, Seller : K-S(t)
where S(t) : Brownian Motion.
* Replicator Equation

20 X 00, 0-90) 6,0 = 9,+£0

dy; (t)

2y ©hO-ho)ho=h+¢'©

where x,, y; : the probability of choosing the
strategy 1 for each player. g, h. : the payoff

when each player chooses the strategy 1. /




Two Strategies Case
(B ES DEHY2D) :

* Replicator equation

X = x(1— X){-b(t) + (a(t) + b(t) )y},

y = y(i— y){o(t) - (a(t) + b(t) X},

where X, y is the probability of choosing the

strategy 1, 2 for each player.
Player 2

S1 S2
S1 |a(t),-a(t) 0,0
S2 10,0 b(t),-b(t)

playerl




Prediction (% 8I)

* Replicator equation divided by xy(1-x)(1-y) :

b(t) a(t) *© _b() a()

).(:———|——,y:___

1—-vy X 1-x

 Discrete the above equations:

X(t+ &) = x(t) —(
y

y(t+¢) = y(t)+(
X



Digression (FR&X): Physics
e Canonical Equation (IEZE A FEZ() :

e We obtain the Hamiltoninan:

H = —b(t)(log x +log y)

—a(t)(log(1-x) + log(1- y))

* We can discuss the Nearly Integrability
(Hamiltonian + Noise). See & J11(2005,2006) /

for detail. \
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Payoff Matrix (F]15 )

i) T~ (UP) S1 |S2

N.E. (s1,s2),(s2,s2) S1 14+ - 10,0

D& 0,0 (0,0

i) { (Down) ST s>

N.E. (s1,s1),(s1,s2) ST 00 |00

2. 10,0 |-+

iii) = (No change) — T
N.E. (s1,s2) ST |+

S2 0,0

i),ii),iii) = (s1,52) (x>1, y=>0)




Payoff Matrix (F]153&)

i) T (UP)
N.E. (s1,s2),(s2,s2)

i) 4 (Down)

N.E. (q1 s1).(s1,¢

i) — (No change)
N.E. (s1,s2)

i),ii),iii) = (s1,52) (x>1, y=>0)

This K2

S1 S 2
>L1+,- 0,0
>2 10,0 |0,0

S1 S 2

),0
+

S S 2
>L o 1+- {00
°2 100 |-+




4. Application:

NIKKEI 225 FUTURE MARKET
(B #2255 i5)
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EX: 20090826

| [
"20090826-1 txt" 1
"20090826-1-ave.dat" =
"20090826-4-ave.dat"




Payoff Matrix (F]1§3%)

) ah (UP) S 1 S 2

N.E. (s2,s2) S |+ - 10,0
S2 O’O

i) { (Down) S1 |s2

N.E. (s1,s1) S1 0,0

S2 O’O -+

iii) — (No change) S1 |S2

N.E. Mixed Strategy. S1 0,0

S2 O’O




EX: 20090826

T |
"20090826-rep.dat"
"20090826-pred.dat"




5. Application:

OPTION MARKET
. EVLE: )
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6. SUMMARY AND FUTURE WORKS
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Summary and Future Works

Summary

* MODELING the Financial Market.

* DERIVE the payoff matrix for each player.

* APPLY the Real Market.

 DERIVE the Optimal Behavior for each player.




Summary and Future Works

Summary

* MODELING the Financial Market.

* DERIVE the payoff matrix for each player.
* APPLY the Real Market.

 DERIVE the Optimal Behavior for each player.
Future Works

e GET the Online Financial Data, CALCULATE and
DISPLAY. (>S54 TT—3% AFL. §1EL.
TNZTZRTY D)

« MAKE the software like a PUCK based on the
Evolutionary Game Theory. (PUCKD E LS — L

AR DHEE) N\




Thank You For Your Attention

Mitsuru KIKKAWA (mitsurukikkawa@hotmail.co.jp)

\V4

This File is available at
http://kikkawa.cyber-ninja.jp/



http://kikkawa.cyber-ninja.jp/
http://kikkawa.cyber-ninja.jp/
http://kikkawa.cyber-ninja.jp/

REFERENCE

[1] Black, Fischer and Scholes, Myron: “The Pricing of Options and Corporate
Liabilities,”” The Journal of Political Economy, Vol. 81, pp. 637-654 (1973)

[HP]
[2] Esaley and O’hara : Time and the Process of Security Price Adjustment,
The Journal of Finance, Vol. 47, No.2, pp. 577-605.(1992) [HP]

BUMEﬁu%i@%ééﬂ%%ﬁﬂ@i?»tﬁQ§E§Eﬁﬁ%%
BRDZHRM4EIZ DT, I FFFEDHFT2008, FBAE, pp.105--141
(2008) [amazon]

[4] Kikkawa, Mitsuru: “Co-evolution and Diversity in Evolutionary Game
Theory : Stochastic Environment,” IRE K FRIR R AT IR PR B R 8%,

forthcomming (2009)

[5] &)1l : A 733 DAY Hi4E 45 7 : Black-Sholes AFEX D E A |,
LB ERFHFEIRTER, #140, pp. 142-146 (2009) [HP]

[6] Takayasu, et al., (2006): Potential force observed in market dynamics,
Physica A 370, 91-97.[HP]

[7] Yamada, et al., (2008): The grounds for time dependent market potentials
from dealer’s dynamics, Eur.Phys.). B 63. 529-532.[HP]

[8] Yamada, et al. (2009): Solvable stochastic dealer models for financial
Y

markets, Physical Review E 79, 051120.[HP]



http://www.jstor.org/stable/1831029
http://www.jstor.org/stable/2329116
http://www.amazon.co.jp/gp/product/4492313931?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4492313931
http://www.amazon.co.jp/gp/product/4492313931?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4492313931
http://www.amazon.co.jp/gp/product/4492313931?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4492313931
http://eprints3.math.sci.hokudai.ac.jp/1980/
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TVG-4JXRHWF-3&_user=4351341&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000009759&_version=1&_urlVersion=0&_userid=4351341&md5=8fe74d0dba4131693f3a599200c61a6f
http://www.springerlink.com/content/m3612152601p7n88/
http://link.aps.org/doi/10.1103/PhysRevE.79.051120

EVOLUTIONARY STABLE STRATEGY (ESS)

DEF.: WeibuII(1995): is an evolutionary stable

strategy (ESS) if for every strategy Mthere exists
some such that the following inequality

holds for a

ulx,ey+0—¢&)x]>uly,ey+(1—¢)Xx].

INTERPRETATION: : incumbent payoff (fitness) is higher

than that of the post-entry strategy
(ESS : Mthe solution of the Replicator equation + 2 \/

asymptotic stable.)



Replicator Equation

REPLICATOR EQ. )zi = X ((AX)I —X. Ax)’| =1---,n.

If the player's payoff from the outcome i is greater than the expected
utility x Ax, the probability of the action i is higher than before. And this
equation shows that the probability of the action i chosen by another
players is also higher than before (externality). Furthermore, the
equation is derived uniquely by the monotonic (that is if one type has
increased its share in the population then all types with higher profit
should also have increased their shares).

Two Strategies °
X = X(1—x){b—(a+b)x} s ;

Classification

(1) Non-dilemma:a >0,b <0, ESS: one S1 S 2
(11) Prisoner’s dilemma:a <0, b >0, ESS :one S 1 - 0.0
(1) Coordination : a>0,b>0, ESS two 1 ’ !

(1V) Hawk-Dove : a<0,b < 0, ESS one (mixed strategy) 22 e b,b

Payoff Matrez
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