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Effect of Multi-agents According to Behavioral Finance to
Market Dealings

YUSUKE NAMIKAWA,t FEI ZHAI " KAN SHEN't and EISUKE KITAtt

In this paper, the effect of the human psychology to the fluctuation of the stock price is dis-
cussed in the artificial market defined as the multi-agent system. The rational investor agents
are defined as them who buy and sell the stock according to the corporate fundamentals. The
prospect investor agents are defined as them who do according to the prospect theory. The
stock price fluctuations are evaluated in several artificial markets in which the ratio of the
rational and the prospect investor agents is different. The results indicate that the 70%-PIA

Mar. 2007

artificial market is the most similar to the actual market.

1. O O

000000000000000D00000000
000000000000000000000000
000000000000000000000000
0000000000000 0oOooooo®»?0000
000000000000000000000000
000000000000000000000000
0o0oo0oooo0®000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000

t 0000 NTTOODO
NTT Data Co.
1000000000000 000
Graduate School of Information Sciences, Nagoya Uni-

versity

51

0000000000O00O00
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000%0
000000000000000000000000
000000000000000000000000
0000000000000000Y0000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0oD00D0O0o0o®Y oooo0o0000000n
000000000000000000000000



52 goooooooooooooooooo

000000000000070000000000
0O00o0Oo0ooooooo®iiog
00000000D000D000000000000
000000000000000000000000
000000000000000000000000
00000000000 D0000000000000n
00000000000 D000000000000Dn
0000000000000000 20000000
000000000000000000000000
ooooooog
00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000
000000000000000000000000
00000000D0000000000000000
00000000000 000000000D000Dn
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 D0000000000D
0000000000 0D0000000o0o™Yooo
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000000000000002000
0000000000003000000000000
000000000000000000000000
0000000000D0000D400000000
00000000000 00D0000000DO00D
00000000000 005000000000

2. 00000

21 O00OO0OO0OO0OOO0OOO

gooooooocooooboooocoOooooo
goooboooooooooooobooooooo
gooooooooooooooooooboonoooo
gobooboooooooobooobooooooooboon
gooobooooooooooboooooobooo
goooboboooooboooooooo3ooon

Mar. 2007

oooo%o
(1)000000D0 0000000000000
00000000000 D00000000000
ooooo
(2)00000000000 0000000000
0000000000000 O00000ooonDn
0000000000000 D00000D0000
(3000000000 0ODO0ODOODOOO0OO0O0
0000000000000000000000
00000000 0000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000 00000000000000
000000000000000000000000
0000000000 6000000000
(1) 0DO0DOO0DOOO
ooo
oooooooo
ooo
ooo
) OO0
00000000000000000000000
000000000000000000000000
000000000000 0000000g 1/200
0000000000000 0000000D0000
000000000000 D000000000000
000000000000000000000000
000000000000000000000000
ooo
2.2 0000000000
00000000000000000000000
0000000 o0000000000000000
000000000000000000000000
000000000000 000000DoooOo
000000000000 D00D000D000D00D
000000000000 D00D0000000000n
000000000000000000000000
0000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 0000000000000000
000000000000000000000000
000000000000 100000000000
000000000000 000000000000



Vol. 48 No. SIG 6(TOM 17)

ooooo

0000000000000 0000000000
00000000000 JDM: Judgement and De-
cision MakingD 0000000000 100000
0oooo®OoJpMOOO0O0OO000O0O00O00000
0000000000000 00000000000
0000000000000 00000000000
O0000000000000000000000 14)
000000000000000D000000000
0000000 15 000000000000000
0DO0O00O00o0O0on

2.3 000DO0OO0DOO

000000000000000mMO00000
000000000000000D000000000
000000000000000000000000
000000000000000000000000
0000000000000 000 Kahneman 07
000000000000000000000

Kahneman 00 0p 0000 2z0¢0=1—-p000
00 y0ODOOODOOO0DOOO0DOO0ODO
00 (z,p;y,¢) 000000000

V(z,piy,q) = m(p)v(z) + m(q)v(y) (1)
0000000000000000000000000
00000000000O0v 000000 Value func-
tiondM 7~ 0000000 D000 Weighting function
000000000 100 200000000000
0000000 10000000 ValueDODOODODO
OGains(DO0OO0OO0OLosses00O00O0D0ODOOOO
00000000D0000000000000000
000D0000000000000000000Ref-
erence PointO 0 00000000 OOODOOODOO
0000000000000 ProbabilityD 0O 00O
000000000000 00000000000
00000000000000000000000 ™
00000000000 0000000000000
00000000000 200000000 Weightd
000000000 ProbabilityDO0O0O0O0O0O00OO
000000000000000000000000
0000000000 00000000000000
000000000000000000000000
00000000000 000000000D0O000
000000000000 00000000

24 000000000

00000000000000000000000
000000000000000000ooOo®eiYg
00000 Takehashi 0000 0OO0OOODO

goooooooooooooooooobobooOoooooooooo 53

Value

Losses

Reference]Point Gains

01 0D00000b0Oo0oO0oooon
Fig.1 Value function in Prospect Theory.

According to .
Expected Utility Theory/’
.

RAccordi ng to
Prospect Theory

0 5 1.0
Probability

02 0D0oo000O00OO0oo0ooO0Oooooo
Fig.2 Weighting function in Prospect Theory.

goooooooooboooobooooobooooo
gobooooooooboobooooooooooboooo
gbomoooobooooboo 400000000000
goooooooooooboooboooooobooDoboo
goooooooooooooooooooobonoo
gobooooooooobooooooooooood
goboooooooooooooooooooobood
gobooOooooooooooboooouooooboooo
gbobooobooooooooooocoooooboooo
goboooooooooooobocoOooobooobooboo
goooooooooooooooooooooooo
gobooooooooooooboooooooooo
gobooooooooooooboooooobooobo
gooooooooooooobooo
ooooboooboboooooboobooooon
goooooooooooOoOOoOoOobOoOoooooo
goooooooooooooobooooooooa
gobooooooooboobooocoOooooooboooo
goboooooooboobooooobooobobooooo
gooooooooooooboobooooooooooo
gobooOoooooooboooooooooooooo
goboooooooboooooooooooboooo
goooooooooooooboooooooboonoo
gooobooooooobooooooooboDbobo



54 goooooooooooooooooo

gooooobooooooooobooooooooo
goooobobooooooooooooooooooo
goooobooboooooooooooooooboooo
goooboooooooooooooooooooo
goboooooooobooooooooooooon
goobooooooooooboooboooooooo
goooboboooooooboobobooooooo
goooooobooooooooooooooooon
gooobooooooooboooboooooooon
goooobooooooooooooooooooon
gooobooooooooooooboooooooo
gooobooooooooboooobooooobo
gobOoooooboooboooooboobooooboooon
gooooooooooobooooobooonoooon
goooboooooooooooboobooonoooon
oo0ob00000000000000000oooo
goooobooooooooooooooooooo
gooooooooobooooobooooooooon
gobooooboooobobooooooooooon

3. OO0OOO

3.1 0O0O0O0

oooooboooooioooooooooooon
gdoooboooooooboobooo 2000000
goooboooooooooooooocoonoooon
gooooobooooooooobooboobo w000
roo000000000000000DOOOOOOODO
goool1oooooooooboooooobooboobn
goooobooooooooooooooooooon
OU0o0oUoo0oo0o NG oOOoooooooooo
gooooboboooooooooocoooooooobo
O0¢t+ At 00000000 Nt+Ay)DOOOODO
ooboog

N(t+ At) = N(t)(1 + pAt + oeVAt)  (2)

00000000 10 pAt 00000000000
gooobobooooooooooooobboeO0ODO
goooboooooooooooooooooooon
000000000 20 ee/At DOOOOODO
obooooooboooouoobbotoeboooOO
goooooooooooooooboboooooo
gooooooooooooooooobooooooo
O0s00000000000000AtO00O0OO
ooooooood
o3oooooooboboobobOobooooon
(2) 000000000000 0O00UChange Value

Mar. 2007

[Change Value of Company]ﬂi

Stock Bxchanze
Send Startsiznal

L 1 i
‘ Agent ‘ ‘ Azent ‘ ‘ Agant ‘

03 0O0O0oOooo
Fig.3 Flow of stock exchange.

of Company[110 0 00O 00 StockExchange 00 0 0O
000000000 Agent000000O0DOOOO Send
Startsignal [0 0000000000000 O0OOCOO
Jooo00oOoooO0o0Ooooo0oOooooOOOn Ex-
pectationI 000000000 O0OOOODOOOO
Joo0obOoboooooOoOoooooboood Con-
tract D 000000000 10000000000
0O00oo0oO0o0o0o0oOo0 1oboboooboooooo
O0odoOO00dObOO0oOobOO0obOOo0obooOobooooo
Oo0o00o0o0dooooOobOoObOOoOoOooooooooOo
gooobooboboobobobuoooobooboo
pooobbo 200b000bbooooboooo

3.2 JO0O0ODOOO0ODODOOOOObOOO

gobooobobobobooboooboboobooog
gOooo0obOoboooboobooooboobooo
Oooobo0obOoboOobOobDboOo 31000ooo
(20000000000 D0OO0OUDOOUDOOO
go0do00d0doOooDoooooooooooooo
O0Do0000oOobOOoO0oboOo0obooOoboooono
O0D0OO0OOO0o0OO0ObOO00ObOO0oO0bOoDoDbOoOobOo
0000000o00oo0o0oog 0 t+At0000
00 Ez:(t+At) 0000000000

Exi(t + At) = P(t)(1 + pAt + oeVAt)  (3)

O00opP)0¢t000D00U0O0OpOOOOOO
gobooboooooooobooboOooobboenOO
gobooooooobooboooboooooooboooo
gob0o0o0oooOo0o0oboDOb0OeDbbOOOODODO
000A+00000000O0OO0O0OoOoooooo



Vol. 48 No. SIG 6(TOM 17)

Amaount of Ssll

Amount of Buy

Send Decision

04 0O00ODOOOOOODOOOOOOCOOOO
Fig.4 Behavior of FundamentalAgent.

000 vh)DDODOOO0OD Vs () DODO000O0
gooooooooboboooE 01010000000
Vm; OODOOOOOOOOV4; ODODDOODOOODOO

Vmi
Vb (t) - E; x E(Ei(t =+ At) (4)
Vailt) = VEd (5)

040000000000000000O0O0O0O0O
0000 (3)0000000000 Expect Priced O
O0000O0OAction0 000000 M Buydd OO
00MSelldD 00000 NoneOOOOODODODO
00000oooooooomoooooooogg
od0ooUd0oooUopooUoooooooooood
OMoney =00 0000 OO000O0OOOOOCCOO
O00000O000ooooooooonStock = 00
0oooooooooooOOoooomooooo
0000 (4000000000000 0 Amount of
By OOOOOUOUO (5)000DUOoOooO
OO0O0O0OAmount of SelllD OO OO00OO0OOOOOO
00000000000 Send Decision[T]

3.3 000000DODOO00ODODOoOOO

0000o0o0o0o00oooooooooooooo
oo0o0O0o0o0o0oooooooooooooood
ooooOOoOoOooooooOooooooooOoood
o0ooOooooooooooooooooooog
o0o0o0O0o0o0oUooooooooDoOooooooodg
od0ooUdooooooooooooooooodg
O000000000oo0ooooooooooog
0000o0o0oDo0oooooooooooooooog
000000000000 0oooooooooog
00000000000o0o0ooooooooooog

goooooooooooooooooobobooOoooooooooo 55

0000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000
00000000000000000 Av(Pk) O
00000000000000000 {00000
Ez(t+At) 0000000000

Exi(t+At) = Av(P, k) (14 pAt+oeVAt)(6)

0000000 Av(P k) 0000 AO0ODODODO
ooboooooobooooboooo

e
fun

Av(P, k) = P(t + jAL) (7)

1
k 4
J
0000 Av(P k) 000000 AkOOOOOOO
00 k=25000000000 k=1300000
000000000000000000000000
0000000000 00000000000000
0¥0000pbele 00 (3)0000000000
000000000000 00D000000n
00000000000 000000000000
000000000000000000000000
0000000000000 00000000000
0000000000000 0000D00Oonoog
0000000000000 00000000onoog
000000000000000000000000
0O0000oO0o0'YWooo0000000000000
0000000000000000000000000
000000000000000000000000
0000000000000 00000000000
0000000000000 00000000000
0000000000000 00000oooooog
000 Vy#)000000 Vs, (t) 00000000
O00000E; 01010000000Vm, 0000
000000Vd, 000000000
_ Vm; (8)
1.25 X E; x Ex;(t + At)
1.25 x Vd;
Vsi(t) = — 5 (9)
Us5000000000000000000000
(6) 0000000000 Expect Priceld 0000
000000 Av(P k) DO00O0O Calculate Aver-
agell 0000000000000 O0OOOOOOO
00000000 Buy(ID OO0 OO SelllTD O
O000MMNone[ OOOOOO0ODOOO0OOOO

Il
o

Vbi(t)

ooboooooooooooooboobooooooo



56 goooooooooooooooooo

Calculate Averaze

Stock=0

No

Ex(t ADS AP

No

No

Ex(tr A D> Av(P I

No

[ Procpect Model | [ Fundamental Mock |

! !

[ Amount of Sell ] [ Amount of Sell ] [ Amount of Buy ] [ Amount of Buy }

Send Decision

05 O000DOOOOOODDOOOOODOOO
Fig.5 Behavior of ProspectAgent.

[ Furdamertal Mockl | [ Prospect Mokl |

O0000O00OOOMoney =000000000030
goopoOoooooooOoOoOoogooooooood
O00Stock =00000MO0O0OO0OOOOOODOO
00000000 Ex(t+At)y000D0O0OOO
Av(P,k) DO0OO0UOO0O0OOEZ(t+At) > Av(P, k)
O0o0DoDO0ooooooooooooooooooodg
0 Fundamental Model OO0 O0O0OOO00O0O0ODOOO
(4)000000000000 Amount of Buy( O O
000000 (500000000000 0d Amount
of SelllO 0 Exz;i(t+At) < Av(P,k) 000000
000000000000 Prospect ModelDO OO O
oooOoooooooooOoooooooooood
()0 0000000000000 Amount of BuyD
oooUooooOo (9oooooooooooooo
OAmount of SelllD 000000000 OOOOOO
0000000000000 Send Decision[T
3.4 00O0OOOO
0ooooooooooOoOooooooooooo
00000000000o00oooooooogoog
00000000000000oogooooooog
0000000000000 00oooooooog
ooooOoOooooooOoOoOoOogooooooood
ooooOoOoooooOoooooooooooood
O00o0O00ooooooooooooooooog
o0o0o0OoooOooDoDOooUoOoooooooooog
ooooooooooUoooooooooooooo
000000000 0000Oooooooooooo 2
o0oo00o0ooooO0o0o0o0o0oooooooOoooomm
000000oooooooooooooooo
00o0o0oooo0oooOoOoOooOoooooooOoO

Mar. 2007

000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 D0000D000000Dn
00000000000 D0000000000000
0000000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D0000000000000
000000000000000000000000
0oDoo0oooDoo
O00' 000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O0O000Arthw 0'® 0000000000000
0000000000 00000000000000
0000000000000000000000000
000000000000000000000000
0000000000000 0000000000
(1) 0D0D00DO00O00D0O00D000000
(2) 0D000O00OO0O0OO0OO0OO0OO0O00O000
ooo
(3) D0ODOO0DOOOO0DOODOOOOOOO
(4) 0D0O0OODOUODOOODOOOOOOOOOOOOO
00000000o0oon
(5) 0D0O0O0O0OOO0OOOOO0OOOOOOOOO0O0
oooo
3.5 00000000
351 000D
000000000000 00000000000
00000000000 000D000D000000n
000000000000000000000000
000000000000000000000000
0000000000000 00000D0Mantegna
0000000 400000000000000
U000 t0000000 PHOOODOOO D(t)
oooo
(i) DOOD Z@
Z(t)=P(t+ At) — P(t) (10)
(i) OOO0DO0O0O00 Zp(t)



Vol. 48 No. SIG 6(TOM 17)

01 0D0oOooooooooooooo?9
Table 1 Statistics values of stock change-rate.
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Fig.14 Stock price fluctuation: Sankyo Oct. 1, 2004—Jan.
14, 2005.
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Fig.16 Stock price fluctuation: Yokohama rubber Oct. 1,
2004—Jan. 14, 2005.
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Fig.17 Stock price fluctuation: Toyobo Oct. 1, 2004—Jan.
14, 2005.
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Fig. 18 Stock price fluctuation: Nippon flour mills Oct. 1,
2004-Jan. 14, 2005.
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Fig.19 Stock price fluctuation: Fujitsu Oct. 1, 2004—Jan.
14, 2005.

019

600,000
550,000 ff‘%
g 500,000 =
2
3
+ 480,000
<
]
2
& 400,000
350,000 N
" —=— 70%-Prospsct Market
—— Fundamental Market
300,000
0 10 20 30 40 50 60 70
Time (Day)
020 00000000 OONTT Oct. 10 2004—Jan. 140
2005
Fig.20 Stock price fluctuation: NTT Oct. 1, 2004—Jan.
14, 2005.
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Fig.21 Stock price fluctuation: Mitsui Engineering &
Shipbuilding Oct. 1, 2004—-Jan. 14, 2005.
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Fig.22 Stock price fluctuation: Nissan Oct. 1, 2004—Jan.
14, 2005.
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Table 3 Correlation coefficients of stock price
fluctuations.
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