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This Talk (A< Ex &)

A This talk constructs the financial market model
with Evolutionary Game Theory. \(Z—@ﬁ%liﬁﬂ:
b—LEHmEZANTHEDETILEZ{EoT=,)

1.RISK ATTITUDE () ROIZ%t9 HHEE).

2. ANALYZE the Order Book with Micro-
Econometric Method(Multi-Logit Model) (2%

STEREDODFEZRALT, RIFHZ 7 )
3. IMPLEMENT this method to the real time

financial market with EXCEL. \/



matsui20090826-2.avi

OUTLINE

1. Introduction (Motivation)
2. Review

3. Model

4. Extension (Risk Attitude)

5. Empirical Evidence (Multi-Norminal
Logit Model) + Implementation

6. Summary (Future works)
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1. INTRODUCTION




Motivation (Z1)

A For Practical Use (ZEFFAND I,

1%

5L T)

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

ZI[Z3LD)

I'IjNe construct the market from the order book.

(RIFHRIZF B )
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2 %)

A For Practical Use (EF~D A% BHIEL T)

I\/Iore Detail (&Y E{KRIT), More Useful (&Y
&I1Z3LD)
I'IjNe construct the market from the order book.
(HRIEERI<E H)

Motivation (

A+l 4aS 0KS UYBEOT-H+28Ya I ¢

7549) \/



EX: 20090826

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




2. RELATED LITERATURES AND
PRELIMINARIES

\V4



WHATISC I 9 aD! a9ce

(Non-cooperative Game)
There are two interacting players (Player 1, Player 2).

If player 1 chooses strategy 1 and player 2 chooses
strategy 1, player m Wa LJla eLdf 7 T& Haaffas [ a

In this situation, which strategy does each player
choose ?

(The game is played only once.)

Mt KA & 31 YS Nash Egdilbrden.A 2y A &
player2
S1 |[S2

S1 a.b 0,0 Nash equilibrium
Payert depends on the \
S2 0,0 c,d signs: a,b,c,d




How are stock prices determined ?

A Stock prices are determined by two methods, the

ltayosd #k 2 ) and Zarabd 7=/ V) methods.
The Itayosemethod is mainly used to decide

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

[Nikkei 225 Future Market( B #£2255c¥)] [1day]
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Session Break Session Break Evening Session \
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How are stock prices determined ?

A Stock prices are determined by two methods, the

ltayosd #k 2 ) and Zarabd 7=/ V) methods.
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opening and closing prices; the Zarabamethod is
used during continuous auction trading for the
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Two Principles (22D & 8l])
1) Price Priority ({fif& &5k D& 8l)

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

2) Time Priority (EBsfE &5k D EAl)

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) \
latelr Dearly 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

3000 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
2000 i 30000 In this case, opening

price is 500 or 501.

Source : Tokyo Stock Exchange: Guide \
to TSE Trading Methodology 1 MOVI E]_ '
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Assume: opening price is 500.

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

............................................... A The market
Market Orders orders of 4000
A E— 1000 shares to buy and
---------------------------------------------- 6000 shares to
20000 501 7000
_______________________________________________ sell are matched,
4000 500 10000 leaving sell
000 499 2000 orders of 2000
---------------------------------------------- shares.
4000 498 30000

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

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

3000 502
000 so1 \ooo)
"""""""""" s00| 10000

0\ a9  so00
Naoo/ 05 30000

Source : Tokyo Stock Exchange: Guide
to TSE Trading Methodology

A 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. \
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Third Step

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

A Finally, the sell

Market orders orders of 4000
"""""""""""""""""""""""""""""" shares at a limit
8000 502 price of 500 are

matched with the

---------------------------- buy orders of
>00 10000 shares at a

--------------------------------------------- limit price of 500.
499 8000 Although this still

498 30000 leaves buy orders

of 6000 shares at
Source : Tokyo Stock Exchange: Guide 500. \
to TSE Trading Methodology
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Fourth Step

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

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

The stock price and the trade depend on the
order book. (fli#& x> EX 5| D Bl & XM IFERIZ L - \
TRET B



3. MODEL




Model (BT L)
LJ2 LJdzf | G A 2y

APlayersX € | NB S

F)

potentially (R AZ D BERI/E5TY 3

Seller and Buyer trade an asset.

AGoods (Bf0 B w
A Strategy (B8O X (<k ) {

]

= A

Here, the strike price : how much do you buy or

sell an asset. (CC CIXEEA . STHEIE)
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S|tuati0n (Traditional Evolutionary Game Theory)

) '5
(,(((
€) & .9-9 <
-9-3 o

D8 ra




SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)




SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)

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

Another players look at the game.




SituatiOn (Traditional Evolutionary Game Theory)
At Random (infinitely)

Another players look at the game.

Replicator Equation\/



Situation (two types players)

@




(

€))

At Random

Situation




. . No Trade
Situation

At Random

@ i




Situation




Situation

Stock Exchange which take account

2F 0UKS 2NRSNJ 0221
contract. (BRI A R IEHZEE &I,

Tt R ERERTET D)




Situation

Another players look at the order

book (D TL AV —IItR1FEHZ R
TLY3).




Situation

Which strategy is Nash

P e o Equilibrium,
nother players look at the order if this game is played at
book (1 DTL AT —ZIRERER | - Ea P

\
TLD). (DY —LERBEREBMISTIE, &
DEBEAEELDZDMN?) P2



Model (BT /L)
APayoff (F|f§0 X . dz&KSéller YK-SE) o U
where S(t) : current stock price, Brownian
Motion, K: strike price ({T{5E{4&)
A Replicator Equation

20— x (o, ®- )

dy (1)
dt

=y, ® - he)
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) :

A Replicator equation (see next slide)

X = x(L- X){- b(t) +(a(t) +b(t))y},

y=y@- yfb(t)- (act) +b)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




Prediction (% 8I)

A Replicator equation divided by xy(1-x)(1-y) :
1 _ bt)_at) ! _b(t) aft)

X=- —-—>4+ 2 y=—2- 7
y 1-yy X 1-X

A Discrete the above equations:

ab(t) | alt) g

c Y 1')/@6’

X(t + €) = x(t) -

y(t+e) = y(t) +§§Q- fﬂge.

(;X




Payoff Matrix (F]153&)

i) 5 (UP)
N.E. (s2,s2)

13]|9S

i) @ (Down)
N.E. (s1,s1)

iii) 'b(No change)
N.E. Mixed Strategy.

Buyer

S 1(BEAR)| S 2(BULL)
S1(BULL) | + . 0.0
S 2(BEAR) [ 0 ++

S 1(BEAR)|S 2(BULL)
S1(BULL) |+ + 0.0
S 2(BEAR) | 0. -+

S 1(BEAR)|S 2(BULL)
S1(BULL) |_ 4 0.0
S 2(BEAR) |0 0 -+




Payoff Matrix (¥

) M (UP)
N.E. (s2,52)

13]|9S

i) @ (Down)
N.E. (s1,s1)

iii) H(No change)
N.E. Mixed Strategy.

LL)

S 1(BULL)

S 2(BEAR)

0,0

S 1(

S 1(BULL)

+ ok

S 2(BEAR)

0,0

S 1(E

S 1(BULL)

S 2(BEAR)

0,0




EX: 20090826

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




4. EXTENSION:
RISK ATTITUDE




RISK ATTITUDE

A We assume that the own uti ity is linear
function. (S E TEMRDVAITIER THLHE
RELTET=,)

A Each player has the non-linear utility.(%Z T3JE
R DIGEEZLBEICAND, )

\V4



A Utility function : g(x) , z : payoff
A Taylor Expansion:
Agix+z-30EUOT Q0 B3 n ®Pp X QC

Def. Given a (twice-differentiable) Bernoulli
utility function u(.) for money, the Arrow-Pratt

coefficient of absolute risk aversiost x is
defined as r (x)=-dzZQ Q0 E 0 K dzQ 0 E U

A(*)  g(x+z)-g(x) = 28Q 0 EDI5z0, (M)
ALY SO2y2YAOacsz éS\




Payoff Matrix (F]153&)

i) My (UP)
N.E. (s2,s2)

i) @ (Down)
N.E. (s1,s1)

iii) TH(No change)

N.E. Mixed Strategy.

S1 S 2
S1 - 0,0
S2 10,0 |+,+

S1 S 2
>t |++ 10,0
S2 0,0

S1 S 2
st .- |0,0
S2 0,0
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"20090826-rep-r9.dat" - -

"20090826-rep-ri0dat" —

~M20090826-rep-r11.dat"

The strategy to get a tiny

LJI
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.8 A a
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P e i s

% T - =

/ o =
b i
| | | | | | I
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5. Empirical Evidence:
MICRO ECONOMETRICS
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Kikkawa (2009) (related : Logit model)

A Many players play the game simultaneously.

A Kikkawa (2009) formulates this situation with
statistical mechanics (#t:t H=).

Prop. We obtain the probability distribution of actions,
{S}l MZIXZIbYR GKS LJX I & S NI a

PUS)=ZLSELI6* F0OX
{S}:a player IQaxtion, ! : non-negative constant, f: the
LS | e SN a LI e 25, £ nodmiliZation 2 dz
parameter.

A Kikkawa (2009) is similar to Quantal Response
Equilibrium. (Mckelvey and Palfrey (1995, 1996) )\
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http://linkinghub.elsevier.com/retrieve/pii/S0899825685710238
http://www3.interscience.wiley.com/journal/119957614/abstract

EXAMPLE: The Order Book (#R'[& k)

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

0 Marketorders 0 This order book is on Nikkei
"""""""""""""""""""""""" . h
197 osi0 Future Market(9:03, 5™,
--------------------------------------------- November, 2009.)
506 9830 @ --—---
444 9820
------------------------------------------- The center column gives
%0 s e the prices, the second
784 9800 - column from the left
_____ 00 197 §hqws the volume of
--------------------------------------------- individual offers (sell).
B B The right hand side of
""" 9770 640 the table represents the

T bid side (buy).
_____ 9750 598 \ |



Multinominal Logit Model

A From Kikkawa (2009), we can know the probability
of choosing the strategy for each player.

_|_

A Data (the probability of choosing the strategy for

each player)

A Regression analysis([E

YI'h 5y

I 53 4IT)

U : logistic distribution.

A We can estimate optimal parameters in this model

with Least Squares Method (/N 23&;%) \/


http://ptp.ipap.jp/link?PTPS/179/216
http://ptp.ipap.jp/link?PTPS/179/216
http://ptp.ipap.jp/link?PTPS/179/216
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How to analyze the order book

Step 1) Logit Model (Derive the probability of
choosing the strategy and transform this into log
function.)

Step 2) Regression analysis.
Step 3) Derive the Demand and Supply function.

Y=583.93-146.27X, Y=-237.14+59.57X

Step 4) In equilibrium, we know that the quantity
demanded is equal to the quantity supplied.

Step 5) Derive the Nash equilibrium.
\V4



Implementation

A Excel

A Realtime Spread Sheet (provided by Rakuten
Securities, Inc. (ZEXRIEZ) )

: B0
A=BEER. U 0 WE
e bewases e SORET 711 TS SRR e
B L w
- Py s Gl Wil 3 =
= g ' T
— . O
. » ™ v v
s

oo wrn

.....

i .
L] L s
lilii................
ahesanpuae
B . e cisnnnnnnnan

e T

-]
11



20100325_1443.mpg

6. SUMMARY AND FUTURE WORKS
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Summary

A MODELING the Financial Market.(E& @15
=TT LT=)

AANALYZINGO KS A Y LI Of

2 T
Attitude. (B FERIZYR VI T HEENH

HiGBaERLT-)

PaS

S

A ANALYZING the Order book with Multi-Logit
Model and DERIVING how to forecast the

Yy SE

L7,

ILNTH L. RDKITE]

BET-EEEE )

a U FRESHEE Z AN OREF O

*%’E%bi/



Future Works

A TIME SERIES ANALYSIS (B % 51))
. Particle Filter (RIF21JL3)

A HARMOIZE Theory and Empirical Analysis
(R EEZELDRLS)

A Auction Theory (AF—2 3> 185H)
. Buyer and Seller choose a strategy (bid, ask)

\V4




PANEL ANALYSIS(/ N\ )L 477):
A TIME SERIES(BF % 5l): PARTICLE FILTER($iF

J4)L3) (Kikkawa
A State Space Mode
A System model:

4] D ENFIZRTF )
(IRREZERETIL)

UTILITY (ex. Y= b i+u)

A Observation model: D, _ o0 b)) j=13 ,J.

A We examine empirical evidence : why the

J
& exp(x, b))

player chooses this strategy. (%t C D L& %

BALE-OM ? 28 RFIZEIL ) \ /



Thank You For Your Attention

Mitsuru KIKKAWA (mitsurukikkawa@hotmail.co.jp)
This File is available at

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

NEXT MY TALK 3/29 @Tokyo \/
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