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Simulation of futures market and spot market by using a coupled multi-agent model
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An agent-based model is a useful method to investigate the mechanism of financial markets, including the interaction
between participants, a market impact of trades and an influence of market conditions on traders’ behavior. However, in
order to understand the dynamics, it is necessary to examine not only the relationship between the market and traders but also
the inter-market. We propose a multi-agent model of two different markets with much different assets - a spot market and a
futures market. These markets consist of four types of traders, namely arbitrageurs, hedgers, speculators and noise traders. In
this study, we compare the simulation results of our two-market model with that of traditional single-market model.

1. ([FC®HIZ

1.1 &=

FESETS DA =X BT R ELE
fbUTz. BRIZ, TUNTAT BB D1OTHAIEMEEIL, k%
OECIB &, T OREMEIC K& P EE X QDL
Shihd. EBRIC, et LS Mg L s 2 RS,
litzSiAndn mff‘ﬁ% T ERY TSI B EE 52 T
WA EM D) TWA[HTES 05].

ZOEINT, FEETHOAD =X AOFEIFITIL, BEFHS
BB ZFZ TG, BapsEEEms HiEm oM A EA
ICbHERTHETHHEERD.

1.2 FTHE

TV Ral—var VRS A BT
B D53 % <HD LI, TR T AL < Dh
1FET 5.

ARSE T 2L —2THD U-Mart[U-Mart] i, #Alife
#5330 ZEMIEIEL L CHW, Z0REEM ARG+ 5HiEE
TFLLIZ AN THiIS THD. ZNET, HEFITBE O
AT OHl R EH e E O T I BT A I B <RI S
AUTETZ. U-Mart i J30 DEFSy D E Ok IR R 57—
ZHMMISE L L CTRHWTEMTS O TEREBIZITH2D, By
R X SE D A B B 2 D3, S‘E%fﬂﬂ%li?ﬁ%ﬁﬂ% ¥
RN N s AN A

Duke H[Duke 07]i%, =—V =l bhial—iady, #
B Se TS (FTSEL00 RLHHAZL) OAfits )& —2 D43 4R
DFEBRBIL, ~y Vv —I|ZL A R~y VFFEO JREE R
FELTZ. ZOETITH, Bl EL T LY+ — 210D
RERSYNT — X MR T D2 L THM T T WLl T,

Tan S[Tan O07)1, MikgV 4 —2 @ fat-tail 345, R7T4VT
A DTAREV T, RTT AV T4 DEHFTIEEE = — 2 b3
2= a IS XVFEHL. £, Wik ORI TAVT 47
FGARV TN, BABATENC IR S, KERBEHIIEIC

TUNT 4T DEAIZLY,

WG ST KT, B KRR, B SCR XA 7-
3-1, 03-5841-6991, ohi@crimson.q.t.u—tokyo.ac.jp

SRS B LR LT, ZOET LTI, BUIHE LA
2= —{ZLo THMNBIE R E L TOMVERMIZ B2 6, e
B2 THG 21T > TV,

1.3 KHEDILLY

1.2 THRAR7ZIIE, BED=— = b 32— a0l k
e OWFSETIE, ik T — 2 &G4 DL BT
BET VL, EEFOMEFERICL THET VLT
TGO REL 32l —a O RELTWNDIENL .

ZIUTKIUARRRIETIX, TGO A3 BT T
BTV, = hOEEITEN B L TR OGN A
WL B2 550 T bz, 20 2 o 121
—aiidoT, WSRO T MR oG OF BAE
FA%BIEH I ZEN A REL 2D,

2. kYhis

FEB EFTVANTATEE D 1 2T, FEDRE KL
TR OB DSBS TR RO 7k TR E &21TH
BlOZETHA. Feti I OEE, BBk D LH7 B
STV,

2.1 KYMIHOEHE

S i, BB PEMAKIZBE D fTIRIEL L Tt
HRo0, VAT~ P DOF B it § 270 L O 2720

>

Bl i ks & O ENERLY — R Z 7 BRR E DR A Ff > TD.

%%L%@%?%K(E’Jfﬂﬂﬁ%”@b%ﬂﬂ%Lt&i%?‘“iiﬂi%(%ﬂiﬁéﬁiél &
B, ~o) b, GBIEITIRELS 3 DIZaBSh, £ E

N7 —ErT—T%—, AXFal—F—, ~yUr— LIRS,

2.2 STHilts SRS

S A I R SR SN A B MRS IS L2 DB 2
b, B HE 2 - OB _ EoMik ol L% (G
D) BUEHMRE SV, Ty ) —aARE T L (cost of carry model)
T, R % o, B S, Wl T &42L8, OB
Wi FILF = SeT L7205,

Sl & B MRS DA 255 R — T R, Jel OB iR
EBMRE D FEE B — L ALIES.



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

3. ETILOHE

AL T, HERDET VLRI T O A THE| %
175 single-market &7 /L &, Blish & Suish & 5 TS |
%175 two-market EF /LD 2 ODET AR L. WER
OFEEECMFE IR E FRUT, FET MIBW A THD.

3.1 T—CxVhDIESE

ARETIVOTHSME L, HEBIEOREVCIY 4 FED
TV MNBIERREND. TN ENORE B B L $ 8 b
OILYEIILL T OEYTHD.
@ F—ErT—Dr—

FEW G N LR ESE B e Lt
MTBT—2 M ChHD. RETNMICBITAT —E T —%

—%, NV REFBR AN AR TR AT, N—
ANBLH R — A% EE[>TWAIEEIZ, elaieh, BHivs
9. LT, N—T AN fimm~°/x%ﬂ<|ﬁloﬂ\éiﬂ/\a
i, eEE W, BlmETEs.

t MBI AR 2 B MR P, ., Jolitk &P, LU, 1%

T, AN ¢ £55. AT Il —iar OREI AL,

2 ANE 0.02 &L 7.

t OB TP L, TP, = Py eT-OTHD. t MO
N — Y ATB X TB, =TP, — P, t Bl — L ANB, I,
NB, = Py, — P, L7025, ==V b i ZZNENOELE AW
Ftq, 2 F55, ql3PIINC 0.001 225 0.005 DFETTLH AT
RETD.

t ST 2T CORBITEIZAr,, FRIFA LP;,, Bl
Wi COREITERA,,, foliA LP, L1, LHIZH WO
1T 1%, 7EVDORHT-1 2R

INBEEEEZ T, 7T—EhT7—Ur— D E & HI
NTD.

ESYSNDRN

{As,t+1 =1, LPs41 =P +ay,

=—1, LPry1 =TP —ay,
Ast+1 -1, LPst+1 P
Afer1 =1, LPg, = TPt+alt
UINB, = TB,| < a; > A, = 0,4, = 0

(NBt—TBt >a -1,
ft+1

— Qi

NB; — TB; < —q; —){

p = a;Pspq

Flo, ToE R Uy —DOELEITEY,
NB./2a;, CHE5.

@ ~AyTr—

~yUr L, BEMEEICRT 2~y Y BRTREMTSIC
ST HT—T =M THD. BIEEM TR =T+ VA2
I, TR DG 2 W R A Ol KALZE FEBLT 57201
—h7 A VA~ VT,

BRICIE, ==Y NI BN EREREE A, SHRYE
FEw; %ﬁ% CARA (H i} e 9% [2] 30% B — 72 ) B %h I B 4%
U(x) = ——exp( AW KDHIRE i Rk E B RIS, B
@E@@iﬁf\//ﬂ‘//a/%ﬁ%/tﬁ“é

T—Vxlbh i OFFOEFEIZRL, t IO D HHLEIEE

Wift » Iﬁ*C’@O)iu/\ffwl,s,t ’ Hﬂ/\gr_t@iu/\%wl,c,t
(Wigr +Wise Wi, =1) L, TR ENDIZ — 1 &
Rige Rist Rt &7 08, R=FT7HVARIEDVZ =Ry 1T
Rine = WieRife + WisiRise + Wi Rice E78%.

TN, t+l HIOR =t 7+ VA DOMIEW, (41 1%, Wi =
Rip Wi 2780, =—T = b i i3 t BIOBFEITR L CHIM2h A
e K (max,,  E[UW,e1)]) £72% K5 569 85 CRRATIE X%
.

BHYLbiz

® ARFalL—4—

ANF ol —&—, % BT, BT enE
TUIBMTH2—T 2 N ThD. IHIRVERRE, W5RY HlE &£
W32 2 EOT— 2 MR, EHHDOIEO T — =
UG EOMiRE T —Z DR H U7 E 405 O e A i
HEI TR AT,

t HlZkiT2 n HIMOBE FEZMA,,, n WOl DORE
el 7% SD, , L, #iffIin 1 10 205 25 OB co—Tx b

ICRZRVINCT o DR TESND.

IE%ED%W%®I~“/“:/% , BLIE O ¥ 3 Bh -2 0
MA¢p + 5D, % EAISTZ3 AT E Y, MA,, — SDM%TEO
e AIT T ST, otof TV = OREITENE

A1 =1
LPgeyq = Py +&p
Ageyr = —1
LPgeyy = Py — &
otherwise —» Ag; = 0

P¢y > MAy, + SD,, — {

P¢y <MA;, +SDp — {

€.n~N(0,SDZ,)

LA,
THUSHL, MRV D= —Y = ME
@JIi’JJEV)MAtn + SD, , & Elalo72Y;

, BUEDfliks 23
e :TED MA¢, — SD.y,

Z TFEISIEHEICHWEHMT 5. LoT, ==V =0 FORE
1TENT
( { Agpy1 = —1
Pre > MAen + 5Dy = LPfry1 = Py + &y
A1 =1

< MA,, +SD,,, — {
e on LPgeyq = Pry —&p

otherwise - Ay = 0

g
{

€., ~N(0,SDZ,)

L.

ANF 2 —F — BT L Th I E R OB
Wiz175.

@ JAXL—5F—

AR —H —1IT A RITEYVEWEREL, HBEIT

(1+a)P;,q (alF-0.03 725 0.03 TTVH AR ED), HEX
213 305 10 FTOEEIETTZ AR ESND.

3.2 flHEDIRE

ARET NOMikE R E ST RIL, S, Bmisebic, i
FHEHFRXERA L. $IEIC2TORETEMED, P10ICEAT
B30 %, ISR IED EWESLE LW FRIEDTED TSR
ESHDHIEITED, 780 B WO R FHE ST E BT DAk 23R

L, Y3 DESCORG I B3PITIND.
3.3 single-market €7 /)L

single-market &7 /LTI, BAEOET )V LFRERICE TS
THEBBNITOT, TGO HE 2l —TarOGEL
BTN THD. Bk LTRTT 17453 GARCH(1,1)
WZIEORERFT — 2% W, BEFITEM TS CIXRE AT
oYM

3.4 two-market ETJL

single-market &5 /L% LC two-market €5 /L TlE, &E&
FITBU TS, SO m S TIEI ATV, Bk, b
Pk EH iz, FE FRICIV === bOREITENORE
RELTRESNS.



The 24th Annual Conference of the Japanese Society for Artificial Intelligence, 2010

4, 2aL—iavDEE
single-market €7 /L& two-market €7 /L T Ial— gy
AT, ZORERE T 5.
4.1 2aL—LavDHRE
fETLDYIab—2arébic, 1 BORITICBNT
10000 HuB1%475. EFHEKIL, 7T—E 7=V % —, ~o¥
P, AXF oL —H—H 100 N, /A AR —& —73 50 ADF
350 A THD. Jcth, BIELIZBMAMEEIEL 1000 THD. K=
— Tz hOYIHIE L 100000 THD.

42 L2alL—ia DR

1 1% single-market &7 /L TDI 2l —a BB W
&M OB A E L T-b DO THY, K 2 1% two-market £
T TOI 2l —abr POl OREEZ R LIZH O THS.
# 11X 2 DOET IV TOHWIiRE LI liks & o FH B R4k
(FHZH 100 [EOFITOFEHIE) & H #2225 & H % 225 %)
OMFEOFABEIFREL (1996 4F 1 A 4 HA 5 2008 4= 1 H 4 HE
TOHRBRTF—E2E25EILE 98 By hOFEHE) i L=t 0
Thhb.

IR ARSERRD . AW R =R
iitE
1050

10D

B30 |
1 L 1 i+ 1 ! 1 ! 1 @#{
0 L] S0 3000 10000
X 1 fEOHFE (single-market T /L)
W (IR L SEY (ESE
ihte

1020

1000

QRO

- - - @i
2000 400 000 00
2 RO (two-market ETIL)
single-market two-market H % 225
mean 0.989754 0.961834 0.992942
median 0.988838 0.961146 0.994597
max 0.999691 0.991475 0.999191
min 0.976277 0.918485 0.960244
std 0.00478381 0.0151219 0.0067313

x® 1 EEOHEBEREOLE

W GRER . et (HFaiR

20000 |

L3000 |-

L0000 -

1
Ten®7  Jan®2  Jan0l  Jan/03 Jani05 Jamj0T7

3 B#F 225 &£ B 225 £YDIEE

43 HRDER

3121996 4E 1 H 4 H25 20084E 1 H 4 HETOHR
225 L A% 225 et d A koAt Z R LI-H DT, ZOMBIR
HiE 0999913 Th-oTz. MTT NDI 2L —alfiRmns
MLz 2 SOflik OFBIRENE, =l —Tar BNEED
Sey i LB TS O OB ZH B L TWDHI L2 RIET
HHOEE 2 HND.

two-market &7 /L TD 2 SOOIk DARBIGEEUE single-
market &7 /L L0LRR W, ZHUTES TR TOEGICE
WG E DS M EE B LRWESINADLTZD LR
2.

5. F&o

BERDHFFED L TIE 1 SOHBZBOHRTERBIZITHHDEL
TET MELTHDDIZKL, REFETIE 2 DO TR
WZH B 2179 L9 T Mk LT= two-market &5 /L ZREEEL | 2
O 2L —a 21T o7, two-market &5 /LTl
single-market &7 /L LT RIBED 2 DDAk O BHh % FEL
TEEIEND, EHIZET N EILRLLDFEMZR O 2175 T
ETHD. SHOMEEL T, ==V = hOEEREREDHINRC,
EHENRLCL ALy DR EDHRNEEFZ LTSI 5 2 52 8
DIFNTARRFTL TV,

SE XA

BT 051 BB =X, B KAt A g 225 BRfilifa el e - 4
TraAfikg L ORISR | FERIEILFI ) BUE T LD FERED T,
RS KFET —LRUARE Y R AL E 2—6(2), 2005.

[U-Mart] U-Mart Project: http://www.u-mart.org/

[Kitano 05] Kitano, H., T. Nakashima and H. Ishibuchi:
Behavior Analysis of Futures Trading Agents Using Fuzzy
Rule Extraction, Proc. of the 2005 IEEE International
Conference on Systems, Man and Cybernetics , 2005.

[Duke 07] Duke, J. and C.D. Clack: Evolutionary simulation
of hedging pressure in futures markets, GECCO ‘07, ACM,
2007.

[Tan 07] Tan, L., Q. Zhong-ying, S. Xue-shen and L. Ying:
Heterogeneous Agent Beliefs and Clustered Volatility in
Commodity Futures Market, Proc. of the 2007 International
Conference on Intelligent Pervasive Computing, 2007.



	はじめに
	背景
	先行研究
	本研究のねらい

	先物市場
	先物市場の特徴
	先物価格と理論価格

	モデルの概要
	エージェントの種類
	価格の決定
	single-marketモデル
	two-marketモデル

	/シミュレーションの概要
	シミュレーションの設定
	シミュレーションの結果
	結果の考察

	まとめ
	参考文献


