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Abstract

Due to the complexity, dynamics and instability of financial markets, the standard asset pricing
model under rational expectations is hard to predict price changes. The expectation beliefs of the
fundamentalists are closely related to the price bias in the traditional financial model, however,
for chartists, the expectation beliefs are attributed to the learning process of historical prices.
Therefore, we set up a simple heterogeneous agent model under the market maker, including two
traders (fundamentalists and chartists). This paper studies from the following aspects: 1) The re-
lationship between returns and volatility in China’s stock market is studied; 2) Forecast market
price dynamics; 3) Taking the index of Shanghai stock market as the object of study. In this paper,
the statistical analysis method is used to compare the simulation results and empirical results of
the simulation data obtained from the model, and do statistical tests. The results show that the
stock market has high correlation and heteroscedasticity, and volatility and market risk. The re-
turns are asymmetric and there is leverage effect in the market as a whole. This causes price
changes. It is found that this model can reflect the real market better.
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1. 518
11 F#FEMEHSERERRER, BRMLZRIREEX

FE 48 ) B AT 77 e M AR AL (CAPM) — MR B3 77 2B R, 4n Sharpe [1], &g L AEAR MRS
N e Rz b, R E S T, IR ERm A, (E R I T 2 TR [R5 1 (R 4% 5
T PRI B 7 R RS AT 2 A A (] P S B2 ) R s 4 % 77 o AN B R T 4 il 71 3 v B 2 B S RIS R 1 1)
RO AEAERR MRS, AE SRR [R] 5 1 1 SEUE B 90 R O 5 X S AN RF AR Z2 4, anad FE Uk sh,
BN VLS KACZ S, U R I v] BE S BUT AR A 28 A 345 . Chiarella 28[2]48 H7E
G Rl SR Fh AR B o A) S T ) B AR B AR RUKC TN T A AN [F 0T B AN A R, G AU R
MR, HEZREEHAR. Zeeman [3]2& 5 H 7R B R T 2. BEE, F25HH
AR FEAT Y R ANZE (S, U1 Fama and French [4], #83 RmtkrI5I N, @ 2 iR AR 200l , 1X
SEARRY 22 1] 1 Eh S AR AR SR SRAN A A AN [ 14 JRUI: 245 FEE AU 51 6 1) e Rk 8 7= I bk sh A8 84k . il
Day and Huang [5], Brock and Hommes [6] [7], Jt3:, Brock and Hommes #2 H 1 4 BRI 28 5% 17 37 () B 3 B
BORGHIA X EERIR OB I — AN TH R AT TR AR I R IR — (RREE A e 2 T AR B Rk
ELA TR0, 1 SEBRE A BT 5 FEPE 1K), 0l O T T SR, G BN [ ) T BRI
fATTI{E & . Yosra, Mefeh and Rekik [8]E AR AR, 32 SRR W] ARHRNIIAFELEA A | 145 & A
Pl T2t Rl T 37 T I M AR A A AR B 1) B

Michele Berardi [9]% 57 [ — /i F (AR AR B2 77 58 A 28 - SR XU DR 2 B30 I [ A2 A4
7, W Eets = AR AR AL TS . AR B AR A2 XK (R R ARATT 2 5 Ab BE DL R AATT e 6 7 AE 4 fil 77 3% Hh i R
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KB E AR RPTEAL, SRR E P L E RS, BB RS, BT R
B, WA, MR BT . MG AT S &R A AR AR AN IR C & 7R R
SR A BB B TR KM INAE, R, W4T (He and Li) [10]RA S W o Z61 EHAH G I, #65)
KA (Alfarano 55) [11]. LGN THE LT R AUBGE FEAR R J7 22 72 IR R [E € A4, (HA2REAE BB IR
&, 55 RIUX PR AR &, 640, Mandellbrot [12]W0 %2 & BILAR £ 457 25 & 11 5 2 A A2 1k,
T EW A BAE RN, R A I 7 2 TE S iy B BRI B RO, e B AR B RN . B
W& 7R AN 58 A% 7 73 AT 2 W B I R BN T 3 S ASE A o (R 30 07 25 AN A2 5] T 22 iR s, 20 R B
PB T 7 Z Wk T 5 Se B -7 K/ e 72, Engle [13142H 1 H [1H 2% £ 7 J7 2 ARCH 54!,
BIR Z W7 ZEA TR A 1AL T — AN A= AR B s VR [R5 A, R SR iz iE
) —FRRF R AR 2R AR Y, (HR e A R IR, Sehs b ARCH #E 8! HE T 55 07 22 s 30 3 1 B AR oG
T2, WA LERZE A T Z R R A K B A M, o RS b 8, 58S 0 A
s Ja B AR ORAR 2R I DL PAAGE S T AR U Rk E 4SS, Bollerslev [1414 3T R R J5
RIERLHR T ) A E BVA(GARCH)EERY, J5 K sy 17 ALAULFH Tt <6 RS 2 38k 2 M S AT Y, B
2 GARCH(L,1)# 8, GARCH “& ] DAk K & 1) <5 Rl v 1) 5 51 % df o i T GARCH SRBIALUA
S B MR, B RS R R 1 S B SO () 2 EARAE, Qg R R, U B SR AR AT AT RN A
T3 H A e KAASRAG TH DL SR B R AT RE (2 B0 H IR, 8 DU SR LR 7 RSk S, R i i
Zadi 30 MK RE, GARCH 58S 2 —Fp it 2 107 Z F i 25 5 Z W BUAE , SR BT K 5 2 1 3 [l
VA S A S 77 ZE I 1) P B A, G B AR T2 ML, b Ry 22 R U7 ZE BRI (R T AR AL o BN 1t 2 42
RIS 18] 51 08 b d S R R A e 2 —, DA RS 1) 77 22 bR v 22 R FE s sl e, FH SRR s iy )
R SR R o P SR s PR K B AR Dot B A AR SR IR BT S P TR, GARCH 4%
AU 45 2] ] B[R] A0 A B e o @ I AR FR AT R 2R 43 A A R B AR T 3 v i e 0 i SR IR S R RR AL
B, PEBNEEXT T BRI R B LG T3 B I s R RGE, BPRTIE I CATAT RO o I8 e SR AT
SRR B A, R FR S AT SR IN [A] P 21 B4 22 AR I D U7 2 BE I 8] 1) AR AL T AR AL KR S . BM
Blau [15] A [ IR 70 A I, 152 5% 285 50 I i e 5% 250008 ) Ml 007 A 58, 3 S50 2 0 8 0 W 3 B0 % i A A1 B
JERIMAE, XEHETY R R 2 i SR, I R A I R SR R I AN £ A 52 1 B N B
4, BEETE IR E 48 ] Be 2 B B 2 O w4

AR Y AR S FUAE SR T 3 I A B I S e i D& 51 TR RIS, BHIE, KIN
A AY IR FIAE R 0% 35 B RAT T T R R R AT TN A AR R A . — SR AT ) A0 BT S 3L T SRl s R A
St BIWER, Wa T E MM XTU i 2 A CE: IR R EG B, BIRR) R
B FHEEESE . Chen [16]40 4 1 o H I EE T3 52 S RUGEHLIIFE M, 0 B 2 U 2 2RI BN A IE 2 . ik
SRR — B R R REFER KON, BRI 5T E A B VIR, EeT R0
IS PERE S NI B E RSB R R E . TR EM, THEBRAT -IEENHE, &
SRS OB —, SATHE A BAAHCHPI% T e L S s A8k . Adam
SE[LTIHE T 2 5 7= 08 M B2 b BB 0% B 0 B2 ) AT m] DAL= A o B e 3l e DA S A AR R AT Al TR Sk T
BT AT DL A i B 2R A B B, Chiarella and He [18]42 H1 7 — /MBS . 78 FE AT 79 ¥ 3 A1 & % >
AT 25 0 2 1) PR AR, PR S A, I B SR SRR i 28 10 2 ), FF HUR BB 7= 0 A% B 7 52 AN [R5 95 38 1R AH
IR RIS 78 5 PR 52

e BE A L AR T B v [ ISR T A B s AR A i ) M B S, B ) e ) e AR T SR
ARIIEE KBS B2 48 T AT FRATTEE 57—/ a7 SR R AR Y

ASCAEAE S A AN T R R 2R A B, JRAT A AR 2 2 T SR [10] A AR DA L&, i SCik[19] [20]
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EYNCSUT ARGV E =
1.2. AXHEETE

TEXTC S R P B A AL, SCHR[7] PR TR SR, BRI B F oy 2 BN 30, R ¥E k2]
R AT SO AR B R B, B RE T AN T b an e U7 22 SR FE B KUK, B SCRR[10] AR A B — 1k
FRERT, ASCAESCHR[101BI R JE ik b, F 7 CA Rl ARG AP S 3 048 B8 38 G A TH 7 M 3 #0138
M), BEGREZNE ST IS e, TERRIE —E A EIRHEL, ETAHMN R,
N T SRR G S G — SRR DA K PRI RS S A K AT N, IXRE BT O AR Sk i s v Ak s R
TESZUE AT, S B g A B S B8 72 S & 3 41 AASE AR S FOL SR (1) WAL & 5 1) 1 — S8 S T HARFAE DL S AU DS Be it
56

RVHBI T

P 550 IR R 5, B AN R A S T AR,

B FRRE RS S SR AT,

SR B AR SR AT .

B ZEiRair.
2. RRREBHEMETIERREN

PATAE SCRR[ 1OV () S il IR AN FT, 25 FE— i IXURG: W5 7= R — b UG 5 7, I HABCE Tinh &6
PR G, R # (H f RoR) MR # (H ¢ RoR), AT AS [5] 5 T BRI 7EAS [R] e s
WAL THEAT M, RIS AS (K AT R LR R ss, M iidadTh, WA 53 (8 AN [E i 7
FI: JEASTH 23 BT P2 A A e 26 2 Rl A B AN E o

E(Pua)= P +a(pia—p)
T PR 23 BT B AR B8 73 S A0 A SR HE W R SRAN #%
Ec,t(pt+l): P +7(pt _ut)

ot o e[0,1] Jy 2 AT 20 7 24 A 4 A% VR B8 SR E K R B A,y i B BEH 1AM R B X
faan (B — LB, MR SR [21] 58 SR o 2% 1R 7 22 M B BEH 5 &, A — B B J5 10 5% 22 A
.

Ohen = kZ;lk |:Eh,t—k (Pewa) = ppku]z » h=f.c

He, 2 =a(1-2)

CHAREHIE T RUEREAT T, BRI, ks SEEAMR K%, BTS00 % 2 S A e
%59 (p, - p;)

Pk, FEAT M8 5 BRI W25 Z &0 B8
I:Ef,t—l(pt)_ pt:|2
1+( P — pt:l)z
Gcz,ul = (1_1)012,1 + ﬂ’[Ec,t—l( pt)_ pt:|2

MM, FRATTAT A2 BL R BERLEN 1) R G

O a= (1_/1)0'?1 +1
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1+m X — (pt_ut)_(R_l)(pt_ﬁ)
Pra =B + gw{ (pt+1_pt)_(R_l)(pt_p)+(1_m)7 2,07 (1+q +bv, ) +4

U =6u_, +(1-5)p,
Vv =6V, +5(1-8)(p —ut_l)2

O_Z
- exp[ N

L [P pora(p- p)]
1 + ( pt+l pt+l )

ct+1 (l ﬂ’act—i_ﬂ’[ptl pr+7(pt —)]2

3. IREMRIIG R R SSIES

TX 0 7 FRAT DO A ST S PR R LA 20 147 L 5 BUSE T 3 AR AT L A

NT TR, BATes H— SIS, AR 1A

MY RESE A B B R A T A AR AL ARAE . A SRR AR ST O R v g, B SRIE TS
WEHERE M. BEA 1 A= M 1995.5.17 F 2003.8.18, FEAS 2 I & M 2009.2.10 #1] 2017.4.28, &4+
AR 2000 AN WIAE , Hdf ok H - EUE @B AE. I8 p AU SR, — &SR, THEH BT ke
B, BRI R R AL, S B R R B 2 AT, R ERATE O ES N

r,=log(p(t))-log(p(t-1))

O-f St T (1 j“)

3.1. ARG

% 2 BoRW et R P GETHRAE, W AR AN ABOR, X R IZ ) H W R BN B2 .
FRAUEEHCRT 3, MEA 1 MR A #AET 0, BR800 A JRIEFIEX FRYERFE, HRT
0, RILMBZEIE N, RIS RISt o A AR T hrE RS 0 AR I N A e ), A\ IB GEit E#fica KT
0. AMRMIEZS AT BB A A A i R AR, LIURRERFE, KESCUER TR,
JERAMUR BT R LG, FAt e R 18] 5 51t S 30 HS R R R4

NS RS A (T AR

KL R 1 B EOE A AR R AR 45 2 A A s P 01 o LA 28— FI AR 1, 28 51

Table 1. Initial parameters

=1 VEsH

a e u S A m b a, a, Po ) o, o,

0.858 0.3 0.946 0.85 0.0012 0 1 6.024 0.3 100 100 3.473 1

Table 2. Descriptive statistical characteristics

2. R RITHE

B Mean Median StaDev Kurtosis Skewness Range JB

et 3.6131e-05 —0.0002667 0.029288 7.9017 0.12915 0.32726 1.9954e+03
FEA 1 0.456e-04 0.0004332 0.019493 28.686 0.90716 0.44898 5.4939e+03
FEA 2 1.7432e-04 0.0007364 0.01513 7.8344 —0.88809 0.14809 2.1969e+03
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NFEAS 2, H=FERIEI, I ELR D FIWON I i e 51 K e S AR e, 8T DAL S G Ry
Yy b BlE B AT R AR AL

3.2. HENRFFIESSTES T

T FRAT TR 552 7T 3 R AN LA DA, T I — 2o e A 56 g — 2D AR IE

A SCH ADF K56 R 56 7 71 Rt (W4 3 fs), HARIRSE R 8. WGt & iR 5 E iz iz T 1
FHE, WIRREFH A

Wi 4 iz, 13 F Kolmogorov-Smirnov K6 564656 45 o H = 1 FoRfEBASE 0.05 N AREZ JF K,
P /N R 2 JF R MR B/, HASI G HE K T oS T Ul BT AN 32 SR R .

THEFAEA Ljung-Box-Pierce Q Kt 5741 H AH S HEAT KL I (W42 5)

A REIR BRSO T BT m WP AIE 2 (B BOAH AT . & PR RisE: AEB AN 55 T m
(7 BB 2 (R AFFEAE e

m 2
ittt Q=n(n+2)Y| 2|~ z*(m)
i\ n—k
2500 6000 350
300
4000 200
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3000 150
1000 100
2000 =0
1000
3000560 1000 1500 2000 2500 0 500 1000 1500 2000 2500 % 500 1000 1500 2000
03 0.1 02
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Figure 1. The time series for prices and returns
1. Mg Fn s 5 E

Table 3. ADF Test
%< 3. ADF 1818

B H {& Pl t R IR ST Il SHE
5 1 1.0000e-03 —46.5993 -1.9416
A1 1 1.0000e-03 —45.3614 -1.9416
FEA 2 1 1.0000e-03 —42.8283 -1.9416

Table 4. Kolmogorov-Smirnov Test
5= 4. Kolmogorov-Smirnov 146

A H {& P K36 g iHE I S48
1T 1 0 0.4569 0.0303
FEA 1 1 0 0.4686 0.0303
FEA 2 1 0 0.4788 0.0303
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ot n RS, mONIERIEL, 22 I m kA, Seih R I S O e, W
MHE R T Im S8, p /T 0.05, BEIIELEFR, Ui FRFIAE Sk B

KIG 45 RE B LR 156 e RISt B R T i M, FEA 2 fEEIR 10 B RIe gt 8K T il 5t
B, PAE#AR/NT 0.05, 4RV, VLB FFHIAHRIER] R .

ezt Py 1 53 05 ZZ o0 Mt

GARCH A 2K i1t

TR, AT GARCH(L 1) LA T 1S4

Yo =t + &, & = O, 612 =0 +a15t271 +ﬂat2—1

Forb i 2 R AR KT ERTZ,

o, >0,0020,20

Ty, =2 -0 BN ERNE =y +ael, +Bol,+n, b, KM EN
ol =a,+ayel, + fol,

W 6 fion, 4ith GARCH(L LS HUGTHIR IS R, S8 o 5 g HITHEZ AN 0.999, 1REET
1, BEHIFAIA IR, DA B kT 0, ST HIAAAE 7 07 22 AR B SR M

57 GARCH(L, )R & FuEFR B s sh P . fEHIE GARCH(L, 1) AU,

p p p
2 2 2 2
Oy =Q +zai5t-i +z7/igt—idt—i +Zﬂj0't—i
i1 i1 i

BB SR A T 220 TE by b5 6 g v (K S B AR IR o (B, BRALRH, SRtz R R i
WAAEAE AR FRBL G, A 2 S E PR T 2 e SRS RIR B R R sl IRESE A A% S A Sc i 2R L R
i R PEOENIRE TR, RRIRAR N AR o BEE T IRAT RO R, SR A7 220 IR by
s e ) S O AN FR . 5T TGARCH A52,  DLSE A il 1 S i 3 B R R (L3 7).

Table 5. Ljung-Box-Pierce Test
%2 5. Ljung-Box-Pierce Q #&1&

JIBISIE H {& PH a4t & Il S

10 1 0.0010 29.5384 18.3070

15 1 0.0024 35.0712 24,9958

isit) 20 1 0.0000 61.3716 31.4104
25 1 0.0000 71.1044 37.6525

30 1 0.0000 82.7067 43.7730

10 0 0.1837 13.7709 18.3070

15 1 0.0172 28.7831 24,9958

FEA 1 20 1 0.0152 36.0373 31.4104
25 1 0.0000 63.3611 37.6525

30 1 0.0000 80.1844 43.7730

10 1 0.0012 29.0951 18.3070

15 1 0.0000 56.4613 24,9958

FEA 2 20 1 0.0000 71.6839 31.4104
25 1 0.0000 95.3881 37.6525

30 1 0.0000 113.9460 43.7730
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0, &,;=0

p p p
2 2 2 2
of =ag+ ) e+ el 2 Ao, di =
i=1 i=1 j=1 1 £,<0

oo,y AT B8 5, > 0 LBORIIFIN B, 5 <O HLHGRIZME, AT FEAOS B0 0 I, FILE
BRI R BRI SATAT AR REOCT 0 B, FUF R B IR — R, P
X i TGARCH I, Bl S i R 1 7E “RTRF AR

ITTRTLLE L, B4 B AR R 40 0.047046, FLAE 119K F F B85 T 0, FILEE 5517
BRI E R R R, bR AR R

W28 K7 B KAAZ 4 b

AL AR SC I 2) T LU, A . 2 S

KOz A g

Hurst 3580 — M B B SR K AR IZ 1 F B4R, JR0 DR H T B B RO 5 EUOTR TR s P 1
Hurst 4650, ST Hurst 650, JRATRIEIERORT 0.5 1, BHF A KUBEIZME, B0, BRI,

4 8 iR, KIbss RSN A KT

Table 6. Parameters estimation for GARCH(1,1) model
7 6. GARCH(L,1)#E&I & &t

S8 it bRifEiR 22 t it E
u 0.000135 0.000394 0.34292
a, 0.000001 0.000001 0.64214
o 0.042745 0.005599 7.63415

0.956255 0.005824 164.20211

Table 7. Parameters estimation for TGARCH(1,1) model
7. 152 TGARCH(L )RR S H kit

S filitHE FrifEiz 2= t Gt =
U -0.000063 0.000367 -0.17267
a, 0.000001 0.000001 1.13706
a 0.000003 0.003363 0.00091
0.975473 0.002102 464.028971
A 0.047046 0.006307 7.459161
12
WL i
0.8 i
0.6 -
0.4 -
0.2 i
ob i
0.2 5 10 15 20 25 30 35

Figure 2. Autocorrelation graph of returns
2. WERFFIHWBEHEXE
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Table 8. R/S analysis

%< 8. RIS 734
A H &
AR 0.84
FEA 1 0.76
FEAR 2 0.81

4, &Eig

ASOIRAE T 37 A A A S IR JE %S, 58 T 305 A 2 i) 2% 105 229 A2 H R BRI O, A

[ AR50 B 38 1 AN (R FR BT RN, et i A7 A SR 2R 5 58 2 OSSR R AT 0, KRB i
Beahth, 575 ZVEARARACAZ LSS, SEBHUERN i 7 i ah P fifid 45 R 5 B s b A7 b, AR
PUTEMGE L RR BRI AR, k2K, MAgiHeRErik. RemeiE FiEN g
IREIE S
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