MEE Seminar Oct 13. 2009 14:

Option Market

40~16:10 (Meiji Univ. (Ikuta) A207)

Analysis with

Evolutionary Game Theory

(LT — LE

_ﬂﬁﬂél L\T_

A3t

3553 #1)

Mitsuru KIKKAWA (5 J1li#)

(Department o

f Science and

Technology, Meiji University)

THIS FILE IS AVAILABLE AT
http://kikkawa.cyber-ninja. |p/\



http://kikkawa.cyber-ninja.jp/
http://kikkawa.cyber-ninja.jp/
http://kikkawa.cyber-ninja.jp/
http://gcoe.mims.meiji.ac.jp/jpn/event/MEE/index.html

This Talk (AR

ANALYZES the financial market with
Evolutionary game theory.(E BT IZIZH LY
T. &7 —LERZAWVT,. 2T %)
PREDICTS the next market state with Stability
Analysis.(Z B 7AW EIZKD T,
READ IS DIREEE T 1T B)

EXAMINES the Real Market (Future Market) to

apply this model. (fBEL-ETIILZL &I,
EFEDHIZZER T D)

MOVIE (avi) \/
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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




umil

Motivation (

* For Practical Use (EF5 D Iits,

2 %)

&

FELT)

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

ZIZ3LD)

—>We construct the market from the order book.

(RIFHRIZFB)
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Motivation (Z1)

* For Practical Use (5'%&’%’\0))&»

1%

5L 7T)

I\/Iore Detail (&Y E{KBJT), More Useful (&Y

Z[Z3LD)

%We construct the market from the order book.

(RIFHRIZFB)

e +Use the “Real Data” (ZEfEDT—42%ZHY

7549)
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Research Fields (this study)

Invisible Hand (
DRAZTS
F) ?

Arrow and
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Debreu (1959) ...

General

Equilibrium
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2. RELATED LITERATURES AND
PRELIMINARIES
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Related Literatures(5t{THZ%)

e Micro Structure

Roughly speaking, we analysis the a\gents’
behavior from the financial data.(7T—4h b5
ZNMEDITHZERD)

* Method: Evolutionary Game Theory (£1E4 — L

IE_nHH)

— Esaley and O’hara (1992) [HP]

* Applied Evolutionary Game Theory

. JII 7§ (2008) [amazon] \ /



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

PUCK (Econophysics)

* PUCK == =Potential Unbalanced Complex
Kinetics PUCK BJ[#| (real player)

* USE: Discrete Langevin Equation

—>Derive the potential energy in the market and
Predict the next states from Potential
Function’s Form .

e Takayasu, et al. (2006) [HP], Yamada, et al.
(2008) [HP], Yamada, et al. (2009) [HP] \ /


PUCK-Tools Demo.flv
PUCK-Tools Demo.flv
PUCK-Tools Demo.flv
PUCK-Tools Demo.flv
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

How are stock prices determined ?

e Stock prices are determined by two methods, the

Itayose(#k & ") and Zaraba( ¥/ %) methods.
The ltayose method is mainly used to decide

opening and closing prices; the Zaraba method is
used during continuous auction trading for the
rest of the trading session.

[Nikkei 225 Future Market( B #£2255c¥1)] [1day]

Morning Afternoon
Session Break Session Break Evening Session \/
9:00 11:00 12:30 15:10 16:30 20:00



How are stock prices determined ?

e Stock prices are determined by two methods, the

Itayose(#k & ") and Zaraba( ¥/ %) methods.
The ltayose method is mainly used to decide

opening and closing prices; the Zaraba method is
used during continuous auction trading for the
rest of the trading session.

— The stock price are determined by Rule.
[Nikkei 225 Future Market( B $£2255%¥)] [1day]

Morning Afternoon
Session Break Session Break Evening Session \/
9:00 11:00 12:30 15:10 16:30 20:00



Two Principles (22D & 8l])
1) Price Priority (ffi#& {25t R 8l)

means that the lowest sell and highest buy
orders take precedence over other orders.

2) Time Priority (BfE{E £ DR El)

means that among orders at the same price, the

order placed earliest takes precedence.
Offer(sell) Price Bid (buy)

500 H 80000(1), B 1000(2), J 4000(3) \
late<- — early 499 H 1000(4), B 150000(5)



The Order Book (#x & k)

(Offer(sell)) Price  (Bid (buy))
_______________________________________________ The center column

6000 Market orders 4000 gives the prices, the
----------------------------------------------- second column from

8000 502 1000 the left shows the
______________________________________________ volume of individual
20000 501 7000 offers (sell). The right
----------------------------------------------- hand side of the
4000 500 10000 table represents the
--------------------------------------------- bid side (buy).
2000 499 8000
o0 e 30000 In this case, opening

price is 500 or 501.

Source : Tokyo Stock Exchange: Guide \
to TSE Trading Methodology ‘



http://www.tse.or.jp/about/books/trading_method.html
http://www.tse.or.jp/about/books/trading_method.html

Assume: opening price is 500.

(Offer(sell)) Price  (Bid (buy))
............................................... * The market

Market Orders orders of 4000
8000 502 1000 shares to buy and
'''''''''''''''''''''''''''''''''' 6000 shares to
20000 501 7000
_______________________________________________ sell are matched,
1010]0) 500 10000 |eaving Se”
2000 499 2000 orders of 2000
---------------------------------------------- shares.
4000 498 30000

Source : Tokyo Stock Exchange: Guide \
to TSE Trading Methodology



http://www.tse.or.jp/about/books/trading_method.html
http://www.tse.or.jp/about/books/trading_method.html

Second Step

(Offer(sell)) Price  (Bid (buy))

3000 502
000 s \7000/
"""""""""" s00| 10000

o\ 49 8000
Naooo/ 405 30000

Source : Tokyo Stock Exchange: Guide
to TSE Trading Methodology

e The market sell

orders of 2000
shares and sell
orders 6000 shares
at limit prices of 499
or less are matched
with the buy orders
of 8000 shares at
limit prices of 501 or
more. Thus far,
12000 shares have
been matched in

total. \



http://www.tse.or.jp/about/books/trading_method.html
http://www.tse.or.jp/about/books/trading_method.html

Third Step

(Offer(sell)) Price  (Bid (buy))

Source : Tokyo Stock Exchange: Guide
to TSE Trading Methodology

* Finally, the sell

orders of 4000
shares at a limit
price of 500 are
matched with the
buy orders of
10000 shares at a
limit price of 500.
Although this still
leaves buy orders

of 6000 shares at
500. \


http://www.tse.or.jp/about/books/trading_method.html
http://www.tse.or.jp/about/books/trading_method.html

Fourth Step

(Offer(sell)) Price  (Bid (buy))

----------------------------------------------- * Thus the opening
_______________ Marketorders — price is determined
8000 502 at 500 and
e e T transactions of
............................................... 16000 shares are
___________________ 21 % completed at 500.
499 8000
498 30000

The stock price and the trade depends on the
order book. ({fi#& [EIRIGERICL > TRET 5, ) \



3. MODEL




Model (BT /L)
* Players... large population : seller and buyer,
potentially (KR ANZDBERGETY FEELY
¥)

Seller and Buyer trade an asset.
* Goods (87) ... 181
e Strategy (EiHR)... n (<o) {E&
Here, the price : how much do you buy or sell an

asset. (C_TIXEA . STAEMIR)




Situation (raditional Evolutionary Game Theory)

) '5
(,(((
€) & .9-9 <
-9-3 o

D8 ra




Situation (Traditional Evolutionary Game Theory)
At Random (infinitely)
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Another players look at the game.
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Situation (Traditional Evolutionary Game Theory)
At Random (infinitely)

Another players look at the game.

Replicator Equation\/



Situation (two types players)

@E




(

€

At Random

Situation




_ _ No Trade
Situation

At Random

2R e




Situation




Situation

Stock Exchange which take account
of the order book decides the trade’s

contract. (AR5 |IFTA R IEHRZEH &I,
St 2T IRET D)




Situation

Another players look at the order

book (ftDTL AV —IIRIFHZ R
TLV5).




Situation

Which strategy is Nash

— e o Equilibrium,
nother players look at the order if this game is played at
book (5D TLA X —RARKHER | g P

\
TLYD). (CHH—LEEBERBHICTIE, &
DHBENEEELLLDMN?) P



Model (BT /L)
* Payoff (%) ... Buyer : S(t)-K, Seller : K-S(t)
where S(t) : current stock price, Brownian
Motion. K: strike price ({T{E{4&)

* Replicator Equation

2 X 0(0.0-90) 6,0 =9,+£0

0y 0 ©-RO I © =h +£'0

where x,, y; : the probability of choosing the

strategy 1 for each player. g, h. : the payoff
when each player chooses the strategy 1. \/



EVOLUTIONARILY STABLE STRATEGY (ESS)

DEF.: WeibuII(1995): is an evolutionarily 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—¢e)Xx].




EVOLUTIONARILY STABLE STRATEGY (ESS)

DEF.: WeibuII(1995): is an evolutionarily 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—¢e)Xx].

INTERPRETATION : incumbent payoff (fitness) is higher

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

asymptotic stable.)



PROPOSITION

PRO.(Bishop and Cannings (1978)): is
evolutionary stable strategy if and only if it meets

these first-order and second-order best-reply :
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PROPOSITION

PRO.(Bishop and Cannings (1978)): is
evolutionary stable strategy if and only if it meets

these first-order and second-order best-reply :

(2.4) u(y,Xx)<u(x,x), Wy,
u(y, x) =u(x, x)
= u(y,y) <u(xYy),

(2.5)




PROPOSITION

PRO.(Bishop and Cannings (1978)): is
evolutionary stable strategy if and only if it meets

these first-order and second-order best-reply :
~—— Nash Eq

(2.4) u(y,Xx)<u(x,x), Wy,

u(y, x) = u(x, x)

(2.5)
= u(y, y) <u(xy),

VY # X,

Asymptotic Stable

Conditon /



Two Strategies Case
(B ES DEHY2D) :

* Replicator equation (see next slide)

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




Situation




Replicator Equation

REPLICATOR EQ.

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.




Replicator Equation

REPLICATOR EQ.

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).
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REPLICATOR EQ.

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).




Replicator Equation

REPLICATOR EQ.

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} |

Classification 2
(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 ’ !
(IV) Hawk-Dove : a<0,b < 0, ESS one (mixed strategy) 22 e b,

Payoff Matrpt



Replicator Eq. and Payoff Matrix

e Strategy : Two, Player : Two
* Payoff

* Replicator Equation

y= Y(l_ Y){f1_ fz +X(f3_ 1:4 — f1+ fz)}

X=X(1-x){9,-9,+Y(9,-9,—0,+0,)}

X IS the probability of the type 2 player chooses the strategy 2.
y Is the probability of the type 1 player chooses the strategy 1.\



fl_fz =4, 1:4_f3 =C0,—-9; ::d1gl_g3 =D

Derive

y = y(d-y)a-(a+c)x},x = xA-x){d - (b+d)y}

Classification

(1) Non-Dilemma, Prisoner’s Dilemma :
ac <0, bd >0, ESS:1
(11) Coordination :
a>0,b>0,c>0,d>0, ESS :2
(111) Chicken :
a<0,b<0,c<0,d<0, ESS :2
(1VV) Matching Pennie:

S2

Sl

0,0

S2

ab<0,cd<0, ac>0,bd<0, ESS:Mixed

\/



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



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) S1 |[S2
N.E. (s1,s1),(s1,s2) ST 00 |00
2. 10,0 |-+

iii) — (No change) —T
N.E. (s1,s2) st 1+~ 100
2 100 |

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




Payoff Matrix (F]15 )

i) T (UP) s1 [s2
N.E. (s1,s2),(s2,s2) S1 14+ - 10,0
52 0,0 {0,0

i) { (Down) S1 |[S2
N.E. (s1,s1),(s1,s2) ST 00 |00
2. 10,0 |-+

iii) — (No change) —T
N.E. (s1,s2) st |+~ |00
2 100 |

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
>+ - 10,0
52 0,0 (0,0

S1 S 2

),0
+

S S 2
S1 + - 0,0
2100 |-+




4. Application:

NIKKEI 225 FUTURE MARKET
(B #2255 hi5)
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EX: 20090826

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




Payoff Matrix (F]1§3%)

i) /[\ (UP) S1 S 2
N.E. (s2,s2) S |+ - 10,0
S2 0,0 +.+

i) { (Down) S1 |s2
N.E. (s1,s1) SI |++ (0,0
2100 |-+

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
(AT ariis)
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OPTION

* Option gives the buyer the right, but not the
obligation, to buy or sell an asset at a set price on

or before a given date. (1'7 vay ElFFTEZITO
YEF) Callf)ut is the right which the buy(sell) an

asset EL\ [T HH#EF|Zz3— ) (call). E'*)ﬁﬁ'%)
EF ’& Y (put) EELVET)
* Stock Index Options are traded in Japan are Nikkei

225 option. Nikkei 300 option(Osaka Securities
Exchange). TOPIX option(Tokyo Stock Exchange)

[DATA] Osaka Securities Exchange
http://www.nippo.ose.or.jp/pdf.html
* Black-Sholes’s Formula* - =value the price of

European Option \/



http://www.ose.or.jp/
http://www.ose.or.jp/
http://www.tse.or.jp/
http://www.nippo.ose.or.jp/pdf.html

N L ANAWAWES

|<=14o'oo V V Atter inm

* Value the European Call Option under the
following. (RMDIA—AOEF7>-a—ILA T3
Y DfIEZE KD K)

Current Stock Price(3R £ D #k (i) S:=¥14500,
Strike Price(¥EF 1T ffi %) K:=¥14000,
Maturity(;i@HH):=2 month, Volatility o :=38%,

Riskless interest rate (JEfGPRF|F 22 )r:=6%




PROBLEM =@\ WA ¢

|<=14o'oo V V Atter inm

Value the European Call Option under the
following. (RMDIA—AOEF7>-a—ILA T3
> DFEZE K L)

Current Stock Price(3R £ D #k (i) S:=¥14500,
Strike Price (¥ F{TfEffi#%) K:=¥14000,
Maturity(;i@HH):=2 month, Volatility o :=38%,
Riskless interest rate (JEfGPRF|F 22 )r:=6%

— How much do you value this right under the
above conditions ? (B 7= T EEE D FK4H4TLY
BOXILWEATHIEFZT H5DH) \




THEORETICAL ANSWER

Black-Sholes Formula

£(S,1)=S5- N[Lm&j— K -exp (= rx)- N(GL\&}

O\ X

* Maturity (773> D EARE) T-t=2/12=0.1667
e u=log(S/K)+(r-0%/2)(T-t)=0.0331
 u/oVx+oVx=0.3685, u/oVx=0.2133.

e From Standard Normal distribution Table(2#E1

ER

HEMD)
* N(u/oVx+oVx)=0.6437, N(u/oVx)=0.5845.

7D

We derive the European Call Option price from the above.
f(S,t)=14500 X 0.6437-14000 X exp(-0.06 X 0.1667) X 0.5845

=>Stock Price after two month(24 B & 0 #&{i)
> ¥15232 [ GAIN |
< [LOSS |

\V4



Black-Sholes Formula in this setting

* When we derive the Black-Sholes formula, the strike
price is influence by the boundary condition.({T{£

iﬁm%ﬁf‘b\%é@iis BAFHBZERT L)

f(S,t)S-N(GfE rj®e”-|\|(0“ﬁ}

where [[@a the strategy 1’s strike price in equilibrium

(TR DOBIRLIZE T HTHEAHH) o+ the
strategy 2’s the strike price in equilibrium.

a is the probability‘of choosing the mixed
Toen/(REBHERATSBEORE) | /




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.
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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.
Future Works

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

e MAKE the software like a PUCK based on the

Evolutionary Game Theory. (PUCKDE LS — Ls /

5 nﬂﬂﬁﬁa)*ﬁi)




Artificial Market (A LT 1z)

o F1ERJE(2003)1 A”
¢ iE.IR I::I'% *ﬁa

#m[amazon],

¢ 5"9, 7I=7|<, /)N E]’, ﬁEF*,
HiE TCTESAY—YYNAHD=ZX L | TER

[amazon]

"5 1[amazon]
/N, &0, #5728 (2006) 1 A

TITHIETESY Y ANZX L] BEE

/N, FRIT(2009) AT

e BB ZK(2007)#EARZEAS ! |

[amazon]

etc

\V4


http://www.amazon.co.jp/gp/product/4627850115?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4627850115
http://www.amazon.co.jp/gp/product/4627850115?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4627850115
http://www.amazon.co.jp/gp/product/4627850115?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4627850115
http://www.amazon.co.jp/gp/product/4320121600?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320121600
http://www.amazon.co.jp/gp/product/4320121600?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320121600
http://www.amazon.co.jp/gp/product/4320121600?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320121600
http://www.amazon.co.jp/gp/product/4320122305?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320122305
http://www.amazon.co.jp/gp/product/4320122305?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320122305
http://www.amazon.co.jp/gp/product/4320122305?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4320122305
http://www.amazon.co.jp/gp/product/4798017434?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4798017434
http://www.amazon.co.jp/gp/product/4798017434?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4798017434
http://www.amazon.co.jp/gp/product/4798017434?ie=UTF8&tag=kikkawaamazon-22&linkCode=as2&camp=247&creative=1211&creativeASIN=4798017434

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]

[3] JII P8 i //rx‘wﬁééfiﬂ@%ﬂﬁi’ﬁ@iiv‘-“)bl:@H;@?ﬁi%’l%#&ﬁ?%ﬁﬁ
BERDZHMEIZ DL T, I FFFEDHT2008, FBAE, pp.105--141
(2008) [amazon]

[4] Kikkawa, Mitsuru: “Co-evolution and Diversity in Evolutionary Game
Theory : Stochastic Environment,” TR&N K F 2R AR AT ZSFREE 22 6%,

16635 (2009), pp. 147-152.

[5] &)1l : (4733 DB Hi4& 4 7 : Black-Sholes AFEX D E A |,
LB ERFHFEIRNER, #140, pp. 142-146 (2009) [HP]

6151 i ER T —LERE AW =A T arhmignihl, ATHgEER
WL E$, SIG-FIN-003, pp. 23-28 (2009) [HP]

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

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

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

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.kishii.ss.is.nagoya-u.ac.jp/~tori/society/sig-fin/pukiwiki/index.php?SIG-FIN-003-04
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

o RKIATD—ERIE, FR20FEFRIR, XERFL
& 5 A—/\)LCOET 77Aiﬁz£ i
DB EFER RZRHBEEF IO VN A
Fa'ﬂfr#jﬁ‘d)ﬁ%l:j"s‘é%gw%ﬁ“ - EE
—LIERICEKDSD T -1ICE T A RS
TR E DB E =T TITH -



http://gcoe.mims.meiji.ac.jp/
http://gcoe.mims.meiji.ac.jp/

