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Abstract

Lookback options are exotic options, which have strong path
dependence and are difficult and complex to price. How to reasonably
price the option has been the focus of the financial industry and scholars,
and is currently the forefront of theoretical research in the financial sector.
At present, most of the research on the pricing of lookback options is
based on the classical Black-Scholes option pricing model. However, the
assumptions in this model are too stringent, such as the assumption that
the price change of the underlying asset follows geometric Brownian
motion and the market is frictionless, which does not characterize the
fractal characteristics of financial asset prices and does not reflect the
actual trading situation of the financial market. Therefore, this thesis uses
the mixed sub-fractional Brownian motion to drive changes in the price of
the underlying asset and combines the Poisson process to build a mixed
sub-fractional jump diffusion model with three main research
components.

(1) The pricing model for perpetual American lookback options of
stock paying continuous dividend is constructed under the mixed
sub-fractional Brownian motion. Firstly, the partial differential equation
satisfying the option and its boundary conditions are obtained by using
the Delta hedging principle. Then, a closed form solution to the perpetual

American lookback options as well as its optional exercise boundary are
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respectively obtained by using variable substitution method. Finally,
numerical simulations are carried out to verify that the closed solution has
the linear scaling property and it is discussed that the effects of Hurst
index and volatility on the value of options.

(2) The pricing model of European lookback options with
transaction costs is established based on the mixed sub-fractional
Brownian motion and the Poisson process. Firstly, the nonlinear partial
differential equation satisfying the option and its boundary conditions are
obtained by using the Delta hedging principle. Then, the partial
differential equation is reduced by variable substitution method, and its
numerical solution is obtained by constructing a Crank-Nicolson format.
Finally, the validity of the numerical method is verified, and the effects of
transaction costs, volatility and risk-free interest rate on the value of the
option are discussed.

(3) We select real stock data for statistical simulation analysis.
Firstly, the required stock data are obtained from major stock trading
platforms. Then, simple descriptive statistical analysis is performed on
the data and the parameters in the pricing model are estimated. Finally,
the simulated values of stock prices under different pricing models are
obtained based on Monte Carlo simulations and compared with the real
values to verify the validity of the mixed sub-fractional jump diffusion

model.
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The study result shows that the mixed sub-fractional jump diffusion
model can better characterize the fractal characteristics and discontinuous
fluctuations of financial asset prices than other models and that it is

reasonable and effective to price lookback options on the model.

Key words: Lookback options; Mixed sub-fractional Brownian motion;

Jump diffusion model; Transaction costs; Difference format
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BT R IR AR O, BEAE T D E s . R 5 (2011) [ FH A TR %
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W& IEUEME . Zhang(2021) % FEVRENFIZ, JHET A e MEEG, 1930 7 2
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1.2.2 B BAE THRE MR RER
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WA AL, BRI 5 3 42t FH 20 5 B3 Sh ARSI AR #5870 A AR 4K
Peters(1989) 15 ¥k #1& i >k FH 43 Hi A B IZ Zh SR Sl bR 1 98 7= A A A2 Ak, (HLZ B 4y
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TERCEERE b, 23 TR 1) REREAT T KT XA IR S5 (2004) 2 T4 4%
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BT, 1SR (2013) 3 T XU A Wiz 3, W78 1 HALE M A DS I . 45 51
Hb, 0T R RS A AU T, a0 SRME 55 (2010) 52 T4 HAi (IS 3,
AL R AU E AL . #7558 (2012) 2 TR & 7 B Bis s, 1453
TRBIGER . Chen 5(2019)13 2 1 V& 4 HUAi WIS 20 1 [ 22 BB A% 10 BB -
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AIABEAN 1) . Gukhal (2001) 2 T-Bkd™ B AY, R A8 L AR e v S 1
SRR E MR . Xu £5(2003). Kim 25(2007)3E T B3 oA, 73 55006 Wik,
SSURI T A ) 3 A I REEEAT 1A 9. Clift Z5(2008) 32 H T —Fh bR & 10 IR 22
Y7, AEBRYHUSE AR, 2ol 8 T ERAIAUR 56 I E f inl . Zhang
£5(2009) WAL 1Bk HOSE AL R SEAUPAL I el R, SR F B RO I 7 v SR A5
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HHM . Yang(2019)2 TR & 7 Busky BUs Y, i Ft 7 3 2 m B IIRLE i AR OC
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A B3l 153 1 5758 S B FH 0 B ] B A 4 i 2 R B o) 77 7, JF i
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A LABREANTE, (ESRIEBEH N 7O rh AR, 5 EEREAT IR AL By SR A A Y B
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2.1 HXENX

AR SCER T B IAAL R S e A B, AEHE R R R A BA- R, R
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ToJABSE ), IXFR A AN i

FERERIME PIT R, SRS, I AEREARFAEERNLS, Tl
25 AR IR E S
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eI
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fEL € [0,T], H{Vi(TD) = 0B, ERVE(T) >0, FFHP{VZ(II) > 0} > 0,
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(2) To RS e g i K
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/\EFI’
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2004 4 Bojdeckia 5 1E 73 # AT Wiz sh LAl b, WFFT 7 — 285 — it
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FE, JER XA AR IR B Wizl . 2l e B 70 B Bl sh 1 — 21,
BN E MO KA, B5BA RS AFKRZ, 78 BIash g 2T
Fany, me AR E

B 2,681 YR BT WS B Hurst 5507 € (0, D)IES: g i, it

(¢t >0}, HBMENEET) =0, hHEN
B(EE!) = 1 4+ M — g (|t + s + |t = s|*).

o BT I B AT G PR -

(1) EMPE: Ha > obF, IRt >0V 5{aEH ¢ > 0} A M0

(2) KA 24 Hurst $8%0H € (0.5, 1), 4

y(n) = Cov(&" &y — &),
JIUES] f:-y(n-)=oo, Bp g/t A KARKE
1
(3) HWEMIEFERM: M TVo<s<t, H
E(gl —gly? = _92H-1(p2H 4 2Hy 4 (4 4 5 4 (+ — )M,

(4) XtFvi>0fMH € (0,1), A&

E(E)? = (2= 2217 1)eH.

24 BERSHHHER)

TER S BARBRIZ B s b, S5O BRIz sh, BE AT &S, whar bl
BRNRE RS EAIEs), FHgHEE .

EX 2.7 B, F, Py — A e R A 18], YR A R MU BB B M A
B2 shw, 5 K B BRiE s e i — AN, D

MI = M (a,b) = aW, + b vt > 0,

Hr, a0 e REAFRN 05 HA Hurst 15850 w5 EM. MPEALLT
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(1) MO S R
(2) MH = aWy + belt = 0;
(3) Yu.v >0, MIEMHENIH T ZRECHN
Cov(M,(a,b), M (a,b)) = a®(u Av) + b* (W +0*1 — %((w )+ Ju— o))
Heh,  wAv=min{u,v};
(4) vt >0, MIFITEIERECH
B((M[(a,0))") = a®t + 0% (2 — 227-1)21),

(5) Ha=0HHH € [0.75, )i, RERDEARIES)MHZ—A 8.

2.5 Bk AREY

N T ZIEARE) B P A ARG B ANIE SR, 1976 4F Merton B KR H Bk HiURE
U, BIAE LT AR IS S RO SR L, 45 4 Poisson e %1 AR ) B P2 A0 22 54,

dS; = (p — \k)S,dt + oS, dW,; + JS,dQ;, (2.1)
Horlr, QRS HUIAN Poisson i AR, 74 FR BRI 52 A ST [7) 43 A ML AL

HE() = k.
W Q)RR I EE A AR, WIRR B I e s AL
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3 RARITHUMEAERI TR A SN BIEERAE N

ARAT FE TR A R IAR @A o TR G R B Wiz s), BT
LI (07K A S5 2K B SR e RS . 2, RIS T 2SR RS BT A2 A I ik
GITRE RN T EAT . S5, B ARG SR A Z R AR, 153 TIREIX
SEATIZEN T, Ak AR R IR b 1 P U 5 e R Sl 5 . ), S8
RIEE . MATLAB S50 A7 B R .

3.1 EMTHIANERRLFA

BB Rl T I HAAAE B R AT H LA Z B, TR %™ B, (WfiiF)
RGBT =S, CInIEES) , IR LU %4
(1) Ao A
(2) FREIZEPEA E . A S, TS PR
(3) IR L SATALR], ARIZ N HEE, id g
(4) DA BE 7= S, (A A 09 2 VR IR o HiAi B2 3
dS; = (u — q)Sdt + 01S,dW, + 52S,d] (3.1)
Horf, pRoRREE PRI FRER, 005 ot AR UE S0 R oA s 3 5
R BATBIZ B 3%, Hurst $840H € [0.75, 1);
(5) JC XU B 7™ B B M6 Tk /2 T T B Al 23T A
dB; = rBydt, (3.2)
Horf, »FRR TR 2RI BN HE AL

3.2 KAXRA B RN B WMN S

WRIAR KA, FIFHA-X PR, B3 TIRAERSBAAWIEN T, KAE
R E B HABUAN A% BT 2 Ry 7T RS, 3 R R PR A H .

BIFE 3.1 WV = V(t, S Jer ek, anBEENL RS 2 X (3.1), N
H
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ov av- 1 o*V

W = (G + (= 08 + 505 5t -
+ H(2-22"Yg ﬁﬂlfg;: &ggdﬂ+@&avﬁ o
iFBA: H Taylor BT, 5
dv%¥dv+g£d&. ;g?gusg +o(d). (3.4)
MR VR A K 43 $iAis B 32 3 (1 1 i (3) i
Cov(MH (01, 09), M* (01, 03))
= 03w A0) + 3 P (k0P o)),
JIlES)
E(MP(01,09))* = oft + 03(2 — 2287 1)2H
R, AT AN Ay
(dM (01,02))* = Var(dM[ (01,02)) = E(dMF (01, 04))?
= (o 4+ 03(2 — 22N 2H* " Y)dt.
M
(dS;)* = o7 Sidt + o5(2 — 2212 H*H 1 S2dt + o(dt). (3.5)
#B.1). @B5RARKBY), FRBEMILT /DN, Bl EH K (3.3). iE
K,

SEH 3.1 FEAARA M EE GBI, HARHE =g S 2 :0(3.1), idix
HH*XE’JE?@:%E@ qujb X??Vt 0, T = 5,'1 Y = max S L2 I)_”J{l:hl:l{j_’\ \éﬁﬁ

0<u<t

B 5 T KA SRR EE BBV = V (2, y)i 2 o 75 e

2

1. - of1 v 20V aV
(50f+(2—2m DHEP  od)at—— + (r — )J:——zrV*O (3.6)

dx
TS SN
v _0. oV
ﬁywy O
UEB: MEBRA AT K AR EH BIIR LA AR AR5 2
K, WAL ZNZIEHE N EN

V(STay)zy_STa =—1L

=5~

M=V_-SA=V—zA. (3.7)
MRPEAR B (3) T 401, ¥ % 2H A 7E e 18] N AN (B AR AL A
dll, = dV — Adx — Aqadt. (3.8)
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W51 ¥ 3.1, &

[ 2
S LA PULAHE ¥ 5128—V+(2—22H—1)
ot or 2 D> (3.9
Ht*1 152 ZZ)dt—FamgvdHH—aﬂd def! +?9—Vd

19y — masocucs B G RSB, My 2 TR T . L, B3 T )
Sty ATignA, 4
1 t
Yn = (—f deu)%,
tJo

WA lim y,, = maxpeue Sy = y» I HZn — ool

S Styn—1 _ N
ay = 2w)" g,
nt
ZE.l
Siyn—1 __
lim St(y”) o =V,
n—00 nt
FrLhdy = 0.
Sk A R AR E S TS, BI2Y = 0, FTLLR(3.9) S A
av 1 9?V 0*V
dV = ((p— q)uba— + —Jfﬂw + (2 =22 gl — 92 )dt
K R(3.1) - (3.10)4&)\53(3.8), 3
oV NV 1, OV O*V
dIl; = ((8—$ — A)px — 9o T 01 Eri (2 - 22H*1)Ht2H*10§.’r2W)dt
+ ((;_V — A)oyzdW; + (g—v — A)ogwde!.
fE L, A =08, WEERBENLIUN R B S MBI, I 2
ov 1 % _ oH— , OV
dIl, = (—q 45—+ 50 o} 2@ s+ (222 HP ol W)dt. (3.11)
AR TE KR B8 7 BB, $e Bt A HIHE AR AT R R
dlly = rllydt = r(V — azg—v)dt (3.12)
Bz #0(3.11)5(3.12), N
2 2
(r— q):xav + 101 C?)Z + (2 = 22N HePH 162y (;—V =rV. (3.13)

#I5(3.13), FEHH3(3.6)-
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AHMEEH, S, <x <y, Yo =SB, KAFERFEE BB S8 L BT .
Rk, AN
ov
dy

ov
=0, —

, = —1.
r=y O

=5,

V(Sfﬂy) =Yy - STa

—‘LIEE'I_:“O

AU, wJ 3 K A SRS BT R AL U A T A2 B R A2 T RE T T AHE
s

W 3.1 B REKA R BEF BRI, HAri 58 i S, 2 30(3.1), idi
AR B RSy RTVE 20, Br =S8, w= min S,, WEERIE

0<u<t

A IEEN N AR A SRR BB TR AR U = U (2, )i 2 R T3 /e
1. - - . o O%U ou
(iaf +(2— QZH”)HtZH’IJé)xZ@ + (r — q)xg —rU =0, (3.14)

URS SN
au

w

U(S,,w)=5,—w,

?
Tr=w a:r I:Sn

3.3 KAEA B EHRHEN AR

WRYEEH 3.1, BHBERIE, REBFHEIImES TR, K5 T KA
A EE BN AR GRMED TR, FHLUEEMEALS H.

BB 3.2 Wk > 1, ko< 0, HIBAWE, KT 217

Fo(1 — kp) 2P Rt k2P ™% — B (1 — ko)z — kyky = 0. (3.15)

TE(0, 1)5(1, -+oo) N 43 HIAELEME— i .

EBH: SR FEE(L, +oo) NAFIEME— R, 1%

G(2) = ko(1 — k) 2" %2 ko2 — (1 — k)2 — Eyko,
e, 220, EIIER R,
G(1)=ky —k <0, G(+o0) = lim G(z) > 0.

z—+0oC

G'(1)=(1—ko)(ks — k) <0, G'(+o0) = lim G'(2) > 0.

z—=+oc
G"(2) = ko(1 — ky) (k1 — ko + 1) (ky — kg)zk‘_k2—1
+hiko(ky — ko) (ky — ko — 1)2‘““’“2_2.

15
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AG"(a) = 0,

ky(ky — ko — 1)
a= > (.
(ky — 1)(ky — k2 +1)

BHEL, ") <0, z€(0,a); G"(z) >0, z€ (a,+00).

Wka <1, MVz e (1,+00), A

G"(z) >0

MG (2 (L, +o0) NAFFEME—F 5, 1040, BIG/(b) = 0.

Fi&, G'(2) <0,z€ (1,b), BIG)TE(Lb)N & HBIREB N G'(2) >0,
€ (b, 4+00), BIG(2)1E(b, +oo) W™ A& i . K AGH) <G(1) <0, H
G(+oo) > 0, FTLAG(2)E(b, +oo) NAFEME—F . [Rlith, H1x0(3.15)#5E K7 1%
FE(1, +o0) WA TEME—fi .

e > 1, FTRRIEH. ARIESTERO]FIEIEE 1, AIAHZTFEAE(0, 1)NAF
TEME—fif. EEE,

EH 3.2 fEIRE IR B AT MIZ ST, K AKX 0 B F BRI k%
V() SRS, 535 H

Vie,y) = pa' N 4t ey 8 = 2
>N EI:[’
T*(]ﬂL:"‘W ) 1 _ _ r—g+M
Auz—jﬁr—iﬁ,M=§ﬁ+Q—?HHm%lﬁ,ﬂzw&ﬁ%V+ﬁ,
(1= Az 4 A =Mz + N
pr= 202 P2 —20z72

2R FEA (L — M) 220+ - XNhoz® — A(1— M)z — Mo = OFE(L, +-o0) N [ ME—
fitt o

UER: fEREAHR, &

z = E.F(Z) — V(‘Ty)’
xT xT

n=X(3.6) "] 5K

1 . ,O*F oF

(7O-f + (2 QZH I)thH 1 2) e — (7' . Q)Za o qF =0, (316)
Hof, 1< s < 22 = 2 HIFHL, AR Z SR

oF oF
F(ZT)_ _1:5 , Oaazz:z—l-
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5y 3 (3.16) (FIRFAE 7 FE N
(;af + (2 =22 HPPH6 (N2 — ) — (r — @)\ — g = 0. (3.17)
NTTAEREIL, Agrid

1. : , ‘
M = igf + (2 _ 22H71)Ht2H710_§’

M=(3.17)71 5 Ky
MM —(r—qg+M)A—q=0. (3.18)
KABZFHETTIE, 15
r—q+M T M r—q+ M Pt M
)\1: 2N +\/( 2(1:1; )\QZT—\/(%)Z-‘F%

Bk, R (3.16)E M AN
F(z) = p12 + ppz™?, (3.19)
Heb, po pERHE L
WAED S, HITRA

Pz + paa)? =z — 1,
PiAL + p2A2 =0,
p-l)\lz;\ + pa Alz)‘z ! =1.

00 = () + o RS

. (1—/\2)ZT+)\2 Py = (1—)\1)ZT+/\1
202 2 20272 '

.20 _ AL (1= A)2r + Ao
T Ag (1* AI)ZT+A1.

IR R i 20(3.20) 5 4 -1 7 2

Aa(1— M) 22T Az — A (1= M)z — A g = 0. (3.21)
BHIAUEN > 1A <0, 20 =X — No», FHHz > 1 HRAESIEE 3.2, WAz 2R
(3.21)E(1, +oo) N IME—fiF . 1IEEE.

(3.20)

FeAelth, FIA5 27Kk A SE 3Rl BB A KA B O ks AT B (0 S 320 5, T T DA g B
HIE G H .

SEE 3.3 {EIRG X AT IS sh ML, 7k A S8 3 nl B2 7 Tk B A
Uz, w) 5B EL S, 70 5 A
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Ulz,w) = g M + ol 5, = 2,
“n
/\E!:]’
- M 1 :
Al = i 2(1}; +0, M= 50% + (2 -2 hH g 0= \/(’"_2‘?;1”)2 + L
- (1 *AQ)ZT]‘F}\Q o (1 */\I)ZT',‘I’)\l
1 = N , Cg = e ,
- 2269;3?] :2 E)AZ7?

2T REA (1 — M) 22070 4 M daz?? — A (1 — Aa)z — Mo = OFE(0, 1) FIME—
WL FE 5 e B 3.2 2K ful.

3.4 KAZRHEERAMEBERY

PR AL B E BB, Y5 EH 3.2, sl R 5 MATLAB #ff,
BEATHUER . B, BEHaHySFHAARN, e ai R e, ik, ¥
o SN

P =05, g=005, H=075, 0, =02, 0y =03, t=15.
WA = ke = 5, PRSI IR Ky = 6, ¥Ha5y AR, EH
RAEHV (o, ) IBLEE, WK 3.1 Fis.

25 >

v
10 20 30 40 50 60 70

& 3.1 KASRIEIEE B #E (1 28 1855 B A T 48 1 I3
H ] 3.1 7T LA H e 5y S L 28 K, 7k A S R 2 BB A% V CAAH
[ L BIAR K o JX R M TER AR 9 B WIE Sh 3R B8 R, 7k A 35 2101 B 7 IR i)
A&V B RIS B i R, B TAE A AR e, B
Viax,ay) = aV(z,y),
XIS R A A SR L, ATTERAIE T 1258 2 2 IE b
SRJ5 » %% Hurst FEE06 7k A 3 30 B A BHIRUN BE (540 A, [ &y = 6,
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VLN 1 e AT TR Bkl OB (1 [m] SR IIRUE fr Je GE Bt

BRI R FE A% 2 € [5.75,6), Hurst $880H € [0.75, 1) KA S HRFAL ., B
MATLAB fEE], W 3.2 Fiir.

3.2 AARAEEEBHIBNHEFE Hurst TEECRILE
BI3.2 5 T 24 Hurst 48 50 H € [0.75, 1), 7k A 2 3[R 3 & BR AL A 4 V i
% Hurst JRERIEOL. ZEERM, fERE IR BT Z s A5 T, B Hurst
TRBIIE R, KA SR R BRI A V AN o IR AR 4 5 5 bn
0L, DOV Hurst S8BT, B B34 is BB ie 2 S, RIS s 42
/Ny BRI, BRI IR 2 AR, I SUWBUI RS T B
)i, ERENFR o SR REREILT, BERPBE MG, KA
F A EH BRI . Ak, BEy =6, 2z e[5,6), 2RlBA
FIIB R, HRSHARAE, i2H MATLAB 1EE, WK 3.3 fin. 54k, %31
e T Ha = 5, SRS IBURS 1 BARE

Bl 3.3 K AR EEE PSP # BE B 302 B2 K il 2%
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& 3.1 ARABBIER T AARKEEE B A

o = 0.20 op = 0.25 o1 = 0.30 op =0.35 o1 = 0.40

Ve Yo}
oo = 0.30 oo = 0.35 oo = 0.40 oo = 0.45 oo = 0.50

FARU SV 16.6103 17.3645 18.2875 19.4170 20.8054

3% 3.1 5K 33 alLAEH, Hbsi B s, 7k A 323 n 82 Bk A
BRI VBOREER s RIS, BE AR BRI VAR, 5
KB O A o
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4 RERTEHHT BIRE T B B E AR A E M

AR BB U AL R A . SRR 2 Yo MO BREE SN Poisson i
FRSE RN ERA P (R A, DI 508 P 22 5 SRR O T, 3 T
SR SE B, I H Crank-Nicolson s 5% th T 1% B8 (0 5Ol R, 3z
MATLAB HCHEEATHUEREN, SRR SHUE T A — A, SFH
ZHH . A TR SR U B

4.1 HXHBRHEXBRZFHF

1B 4 Rl T 37 HARAE IR R] B HESEAS 5 1B 7=, B R 557 By (Anfii )
AR T2 72S, (IS FEil 2 LA %A
(1) bR =R H . ALY, ToSas PR
(2) SKEARKIBE I, SIATHIZE G R N (v, S, Ferbredyht AL AZ 5y BN SC
MHIZZE 5 %%, v Rt ZIFR 5577 S Gy B, v, > 0RO K, v, < 0FROR L
H
(3) BTG EFRR At [A A — Uk, Forhon [ 58 I B2 88 /ISR ] 18] B ;
(4) FRIBEELL AR, LRI NERL 1L g
(5) TC I B 7™ By A A I8 A2 IR0y 7 AR
dB, — rB,dt, (4.1)
Forb, rFRORTE A2 TF BN L
(6) R BE ™ 5, I %0 A2 20 T BT 7 18
dSy = (p—q — Apy) Spdt + 015, dW, + O'QStdftH + J;.5,dQy, (4.2)
Forp, G R B 7= I ER R4 2, 005 00 WA BUR B, Hurst $840H € [0.75,1);
QUESECNNINIRALFE, Jp = (¢ — D)FRIRNE =M IBRERIEIE, j & —F13hor

FAAMEENAL R, H(et — 1) ~ N(py,0%); M, QAJAHEIAT.

4.2 R H BRI B BHABE MRS

MRYE BB AT, R AR, w] DAAS BR & 00 By SR A R, 4 sg
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5y 9 BRI R E AR, 2 Rk DLE B SA .
I 41 WV = V(¢S = url ek E, an AL RS 2 (4.2), N

. 2
dV = (d—v + (u—q— ,\MJ)Sta—V - l(o%’ +o3(2 — 2202 - 1)538 Z)clt
ot as, 2 hh (4.3)
1 5 2V oV v v '
+ EAJt S? 757 dt+01S;— 75, AWy + 025, td,gf + JtSta—Stth.
iEBH: M Taylor &7, 1§
vV oV 10°V
dV = —dt + = 3 S5 1S+ 55 95 (dS))? + o(dt). (4.4)
MRV 5 Uk 70 AT BAE 30 14 )i (3) 0
Cov(MH (01, 09), M¥ (01, 03))
= ol (uAv) + o5(u o — ((u + ) 4 |u — v]*)),

JIUES)
E(M/(01,09))* = ojt +03(2 — 227127,
RIBE, AT
(dM[ (01,02))* = Var(dM (01, 03)) = E(dM (01, 03))?
= (o7 + 03(2 — 22121 )t
Kol ARAHIAA TR, PIAI(dQ,)? = Adt, Mifij
(dS;)* = o1 Sidt + 03(2 — 2272 HEPH =1 SRdt + A\JESHdt + o(dt).  (4.5)
¥R (4.2). 45)RAK(4.4), HBMEMTT N, HATLFR(4.3). IEHE.
R 4.1 FEEATESATRANHE B E AL, bR BB 7= (4% S, 1
a(4.2). XFV0 <t <T, BM, — max S,, WERARDEBT HAR T, KK

0<u<t

BB E BB MGV = V (£, S, M, )T 2 RS 7 TR N

2
31/ + 1( (2 221—1 1)2Hf2H 1+)\]{‘ )5}2332

/2 L2V v (4.6)
_ oo +U2\[(5t H1 4 \ky)S? 75 + =g = M)Sige

‘f’AE tSf1+]f ﬂvft (t St Ut)]f?V—O
FEN

oV

- = 0.
OM, Sp=M;

V(T ST, J'UTT) = JT'LQTT — ST’

ER: HEHR A AT, — B B R BB SR A bR 577233k, A
FELIN ZNZ AR H A AN
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I, =V — AS,, (4.7)
RiEo# 41, F
. 2
AV = {d_—v +(n—q- /\w)sta—v +=(of +03(2 - 22H_1)2Ht2H_1)Sfa—Z]dt
ot S, 2 dS; 48)
1, 5.20%V v v '
+ 5/\J St 6’5‘2 df+0'15f dS (HVJ + O'QS[ tdf + J;S; de d]'bft dﬂf,

EE?:M,E = Hld,XogugtSuiEﬁﬁ’f%W%ﬁ/}EE’ E&ﬂ‘ff?éﬂ:tTTﬁﬂo .JH:, *@l‘ﬂi;%
T (AT B R B { M, (1) Vi MGSATIEIT, 5785 3.0 0 P AL, s

1
St — M (t)

lim S*(Mn(t)) -0
n—0o0 nt ’
M =(4.8) Fl 5 Ny
T LA PR W LA Yo S YO Ol
ot a8, 2 0S; 4.9)
2 .
%/\JQS? ZSZ dt+o15; g;/ AW, + 025} —df + J,,S,,g—gdcg,,.
AR R) (3) (4)FT4%n, ﬁ?’”ﬁéﬂé&ﬁﬂmﬁx[t, t+ SUN I EE R
5Ht =0V — A(S,S't - C|@g|St - Q'ASfét (4 10)

AT XA, A = 2, 3 B 7B AL A PR R )
B R TRR A

yo VOV OV 88, + oV 5t + o(5t)
" 0S.s 0S,  0S? AP TY
82

~ (015,0W; + O'QStCSE + J,5:0Q) — 957"

E(sWil) = \/2V8T. B(661)) = /260", E(3Qu) = Adt.
Rk, TE[t, ¢+ st lRIBR N, 225 PRI HAEE N

) O
E(c|v,|S,) = E(c|(01S:0W, + 025,66H + J,,S,,o@t)a—@&)

BSQ \f\/_Jrag\f(at) + k1 0t) + o(5t),

H, k= E(L) = ps F=%‘§Wa%@%, T EBRZ LTS, H
T >0, Mifi EXATEHN

fSQ

E(c|v|Sy) = csf 052 \[ Vit +azf (6) 4+ k1 6t) + o(8t).  (4.11)
HI T AR B 7= ks A AR BRER R AL S, DRI A% B3 20 & B (B AR A 75 293 A
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TS B 18
) ILFFw TR BRIVEEMAEAEE, ¢ + SN RAEBRER” » Mo KAER, A
OV = A8Sy)|,, = V(E,Su(1+ Jy), My) = V (£, Sy, M) — J,S,gg (4.12)

i) ICH W RaR AR B B IT RS LE(L, ¢ + SN AR EBRER”, Zwa KA,
R (4.9)\F

oV o*V

(OV = 808),,, = (55 + ;( +o2(2 = 2o - ‘+)\J2)Sf882)6t. (4.13)
HVAM I R R AT, P(w,) = Aot, Plw) =1 — Adt, HRIER(4.10)4
E(6I1,) = At [(6V — ASS,)[,, ]+ (1=Adt) [(5V — ASS,)|,,]— E(clvi|Sp)— qgg S,6t.
4 304.11). (4.12)M0(4.13), FHAE ERPs TR, w5

E(0IL) = AE[V (¢, S, (L + J;), M;) — V(t, Sy, M,)]0t — Mk, Sy 2;5
+ (d(;;r + l( +02(2 — 22H 02 [t 4 \ky)S? ?}SZ) ot (4.14)

(33 5 ( \[fwz\[(at)ﬂﬂk 5t) — qsta—vfsz:
85’ S,

Hrh, ke = BE(J?) = pj + 03,
A7, RER(4.1)AT1S,

av

B(§TL) = 1Lt = r(V = Sy )i,

Feor(4.14) 5 (4.15), ATER(4.6).
AL, ARG A AR B H U e, W AMZ T R I — AN 5T

(4.15)

*
V(T, Sy, My) = My — St

SRR R 58 7 A A 38 B e KA, R[] B2 R AL (R A A X i R AL R AR A

AU, TR 5 — AN R A

oV B
a‘lft Si=M;

.

SRAUH, R ST W m] R R IR B 2 B P B T R, T AR
A&
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R 4.1 8 B AT A& R R BB TR, HAR BT =0 % S, i
;—Et(4 2)o MFvo<t<T, Rmf = min Sy’ VRS IR By B, BR

0<u<ft

B H BRI IS U = U (2, Sy, my I 2 BImT T FE N

aU 1 2 2H-1 2H-1 ) 282
5 13 ( +05(2 — 27" )2Ht +)\/L)Stasf

[2 LOPU oU  (4.16)
*60'1 (5t+02\/7 5tH 1+/\k1 fasg ( /\kl)stast

jﬂgli/d:’ﬁ:j‘j

ou

U(T,Sr,mr) = Sr —mr, - = 0.

My Se=my
AL R AL MR 4L F, MRASH =1/2, A=c=q=0, NK(4.6)
av.o1 ., 2021/ oV B
B +7018, 957 75}85} —rV =0. (4.17)
B2 di i) B-S B8 Wil B2 BRI A& Bt 2 F R 20 7 1 . SeAelst, =X
(4.16)%% N

OU 1,0 aU
oY U —o. 4.18
o 2015 gg Troigg — U (4.18)

B2 i) B-S KA R RR = 5] 2 Tk R 2 1 i 43 7 F

4.3 EMRBERNBER

1 BRI YA TSR, BRI B AN RS B 2 B R 2 T R R, RBUZRARL
YER I HA SRRSO A Z BHGR AR #8ok, DARRE R 2 2
BN, 8 #)3E Crank-Nicolson #aX, 45 HH A (B AR

e, FIH Taylor @5t (4.6) A 4 DU AT I UL B, BT

NE[V(E, Su(1 4+ ), M) — Vﬁst%ﬂ

ov , O°V
~ A [ (f St, ﬂft)+StJt85'f (S{Jt) 35}2 *V(f St, l‘z[t)}
oV 1 o2V
= Ak St@S + )\kgSfaSQ.

AT K 20 (4.6) I LA Dy
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oV

1 2
2 t3 501 Ppoy(2 -2 ot 4 2/\k2)826

L aS?

2 2 5pH-1 , OV o
o1 mwz\/;(cst) NS S+ (1= @SV =0,

Hk, sHAZEASE, WA (419317 4, &

(4.19)

M V(t, S, M,
T =In F:, u(x, ) = %, T=T-—t
N (4.19) 715 Ky
du ?u . ou
9 (01+02+/\k)aL + (014+02+ Ak +r — q)8—I +qu=0. (4.20)
7N EI:I’

k=Fky—ck 0 ——1 2_ ——
v — K¢ ‘K1, O a co \
2 CR1, 1 21 1 St

Gy = 0_3(2 o 221171)H(T . 7_)21171 . CO’Q\/%((%)HI.
FREHh, BT

u(z,0) =" — 1. (4.21)
ou
i = 0. 4.22
S =0 (4.22)

SRJE, XT3 (4.20)#)i& Crank-Nicolson &3, S FATHZ&Er = im, 7 = jn
SHKIRO = [0, ] x [0, TIHEATHE TR V8L, A BIM RS £IE (. 7)o

H,
ri=1m, 1=0,1,2,--- M.

Ti=gn, j=0,12--- N

m = ““ﬁﬁ @*ﬁ,n——ﬂﬁﬁﬁﬁﬁo
TR, X2 S RO 1) s S 55000 SR B0 R FE 400, A (A A,
TR A5 40 10 B A ! = (. 1),

, i1
ou wl ™t —
— (@i, 75) =
or n
J j+1 j+1
8u (J T ) ~ 1 (’u’?ﬁ+l ur 1 u7+l - u?ﬁfl )
r'.; ~~ T
Ax " 2 2m 2m ’
. ) . - ) )
0*u 1wl — 2w+l uwll) —2ulT ]
(4, 75) = = (— : — + , ).
ox? 2 m2 mz
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a“"’u“;’_tl + ol 4 dult = QJ“2+1 + B! + Al (4.23)
/\EFI’
; h b P 1 2h h b
Tl — 4 W=, d=———,1<i<M-1,
@ m?2 o 2m’ ' n m?’ “ m2  2m’ ‘
af:i+b Bl = L2 qf-?':ifi 0<j<N—1,
m om’ n  m2’ m2  2m’

1 1
h = —5(&1—&-&2—%/\]{:) b= (01 +G9+ Ak + 1 — q).

weles 5 a(4.23) R NI 205 (EEE T

Ay = Biud + p/, (4.24)
/\EI:I’
w! = (u,uh, o uy ) p = (ug — upT 0, 701@?»1-1“1\1 QM 1“"}; )"
b a0 0 - 0]
v od 0 - 0
A 0 ¢ b af - 0
00 -+ cyy by s ayy
J i
L 00 0 ey by | (M—1)x(M-1),
Bal 0 0 .. 0 ]
v B a0 e 0
B 0 ~ B o 0
T «Bﬂ-f—z a?_\-f—2
L0 0 - 0 Vhir Pt (M—=1)x(M~1),
SRART(4.24) I8 T EANE D T A, wl Ml MME, o, o TARYE L A1

(4.21)3515, HI

TN G R SCER[27] TR,

|
Uy = ————, Uy = €
0 3 ’ M

R ix sl AN T(4.24), 18 B AEIR R0 R H2EAT K AR -

—rT;
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B2 B BRI Y B E R

PARR R B BB, 12 MATLAB #iF, #HTHUER. &k, %
SRUETHERA R AEARFRZ KD, RAZEUE T RS R % S
B B-S BT HEN S RBEATRIEL . Dk, MRIEE 4.1, KIS

H=1/2T=025r=01,00 =04,5 =50,A =c=¢q=0.

WRAE SR [42]H R 230, B 5 B2 i) B-S AR R I [l 525 BRI

RIS

s
A
=

Vigs = 7.7902.
ia FHEUE DT ISR H AU A% LR 4.1
R 4.1 NFAPKRG T EEE B A%

GAS JARU S X R 2
M = N =500 6.6000 15.28%
M = N =800 7.3050 6.23%
M = N = 1000 7.5450 3.15%
M = N = 1200 7.7050 1.09%
M = N = 1500 7.8650 0.09%

I 4.1 ATA1, BEE DK AR, izl 7 i 315 (R AU B i i
3 B-S HAU NI, T ZIRENRERER N M = N > 12000, —HH
FAXTR ZTEL 1% LA, X R BUE J7 72— A 2k

IRIG, FEEAE 5y T LAl X BR 2 51 B R R AN A% V IR SE M . Dk, 405
SN

H=0.75T=057=01,g=0.050 = 04,0, = 0.5,5; = 30,
A =23, 1y = 0.00065, 0, = 0.001, M = N = 1000.

12 FHBUME 715 R AN [RIAE 5 2 LA T FRTBARAN A%, A H IR 4% BE2E 5 2 LL A3
HARALIE, il 4.1 B
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4.38 T T
e
e
4.36 - el B
o
A
= L SIS |
=434 S~
=3 Tl
e
432 . B
4.3 | | | |
0 0.002 0.004 0.006 0.008 0.01

285 9 el

B 41 RRsEEE BRI EER 5 5t Hpil 2R A

K 4.1 vJLLE W, BEESS S SR ELBlciI3E R, BRUE A BRIARUA 4% V AN
Wb, IXFFESEERE DL BN 3L 5 SR LBl 3N, 4 U B AR IR B 1
A2 5 AR AR R, S0 T IR 22 Sk M0 5 K2 B3 B0 o JRURS: FT 85 1) 38 FH 16
It AR AN A% 2 B 2 )N o

B Jii » 55T MR 28 r A B0 2 o0 BR8] B2 7 ST 4 R S . it
WA 5 et e = 0.003, HRSHRFEAZ, fEthr, ot GVII=ZEMTHIA, o
K 4.2 fior.

0.4

06 0.2

10 i

0.8

T PR A 5

B 42 RKUEIEE BN ER SR 5 T R A2 2R L

HIE 4.2 a] LLE Y, BEETCARAI R AR, BB BRI ik vV A
Wi/, IXRF A SERRIE L. RO RE TS JE KBS SR ARG, AR (0 B8 B U 2 %
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wBEZ I, IFHA IR F2AR N, AT AR RO &R 0 DUE U, X9
PN 2 AR BT B IR i o 53— D5, sl R ey, B2
BIARL TR VEEZ AR K, XA S SRPRTE L. T2 B OB A5 A Y sl = ik
BB RS s B T REVE AR, NI S S50 [B] E R AL A% 1 S
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5 iRl th

AR R B LS B R BAE AT Goit B . 5, XSRS (1 g S
BEAT T R RR TR GE T b AR)E, XSRS e R AN S HOE AT A . R, R
Monte Carlo #403%, 73 AT UM RAIES) . 7 8 Bliash . 1R & 7r Ef iz
BN LS IR A IR OBk BOS T SR AT B W B ARADME . )i, W S AT A 40L 5 2K
ST EE b, AT SRR TR A IR 23 Bk B B 1A Ak

5.1 BHEERY

Ay AR B R ARAT (RZEARAD: 600000) 2020 4E 5 H 28 H % 2021 4E 5
J3 28 HE H A . Hedsa) (ie5R40S: 688001) 2020 4 8 [ 3 H & 2021
8 H 27 HME H AN RS (R EEARRS: 300035) 2020 4F 8 H 31 H
%2021 4= 8 H 27 H A H BN B AT G B 047, B RIE T < K=
365”7 “F .

DA b3 = S S AE SR P B ) DX ) P, (A 0 H B T B KR Pk 3, R
ETBRERELE, IF HaEE SIS EUE TR AL, X =SB R AR I Hurst
TREH KT 0.75, BLBATEIX —IFIRIBLP, Mg i B AR FE KA E . BHitk, w7 LA
2 HE VR A V03 B0 O 20 20 i JLAN 1 2R )

5.2 BWHGVHFHMEAR EZS R

B, UHREH TR BRSO Bolioas 2, JFE QQ K, A H o A 7 AR
MIEZS A, HARG R 5.1 518 5.2,
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s
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FEA K707 %5
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0
L TSN A
B52 B EERIXTHkaE = oq B
HIF 5.1 Al A1, ASSCTI I IX =52 R, HO Bolloa 58 K 2 #R4E 0 HIT )
g, A AT 18] AL R R BUE RO, XA I B A A 1 BRI
g, BBkiER. Fi4h, X =SB ERoR Sl as R BAT e Bl R, BIR W
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BN R R MERBEE KIIEN, X & RS s A RFIE . K] 5.2 B
A, X =SOSR Bl R AL B HUR E T 45 SR, Hh i
s B R R R, XU AR AR HE IEAS /0 A I, S0 i idk IR 52 PR o B0l 2
R AT RIR eS0T, R 5.1,

K51 PrEBENKEE R R ST

R AR wE EE S WE 35" K-S 1L A

HAREMT  -0.00007 0.01452 0.71703  10.9037 1
HEMYER] -0.00056  0.02510  1.49910  13.3742 1
RS 0.00428  0.04378  0.27007  4.0775 1

H1% 5.1 /A, —J7 M, fWEERT 0, XUHIH AT BA IE WS, R
HR o BUE BRI, AU BB . S—J5m, RT3, Kt
AR LS, FLIEAS A B eI . [FR, Kolmogorov-Smirnow 656 45
RN 1, RXBIE T e RS B Bl o FE I AR IEZS 734

5 BRI, SO e B I = SR R B O R R AN IR IS A, ooy
MR “RIEFER” K, X5 B-S BB RALT B, 5IANRA D AILR
BEATLI AR 20 R B B A A AR Ak, S LA B R AT et

L

5.3 S¥f4it

AR E P AR o (AR AN S HOEAT T 5, XAR B B Rk R 5
WA Fa ATt
RBEEM R P 51E
{So, 51, -+ . Su}.
YU R 57 RS B o 2 e 81 T 3RS

Si \ .
Ri=ln(8i l),z=1,2,---,n.

KA TR RIS B Mo BEAT AT, 15 2BIHASTHE 2508

. R 1 . _
M:Atgaz\J(nl)Atz(Ri_R)'

i=1
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o, R = 121%@1& BRI

i=1

XHF Hurst #6300, RSN E LA ATt 207 ik R P e K
FOIS TR & 1l 0 I ) & 0 RO AT P2, A R/S J7 kit B A I 1a) &
BRI Hurst 4845, AT T H AN (8] BE AN 5 8101 Hurst 4545 6FF A
FITize R B SR 48k, L Hurst $8 50 e 2841545 SR an 18] 5.3 Fros.

’ AR BAT
T |
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2 s‘\ Ry
g Wk AN
Z (A it Il |l
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M 5.3 FTLLF H, AN[EIEE]E H R Hurst 3850358 T 0.5, 3X 3B AR S ik
B AARAT « SEURA L Rk B P SR BAT AR o R AS (R I 1) 2
FN Hurst S8 8 S EBCPSEEy H A5 THE, BARKMETHEIR LR 5.2, X =4
I SR HE 1Y) Hurst Fa il THESW 2 H € [0.75,1). Bk, RAR GR350k i
PRI = SOt P 1) e 4 5 A

#£52 SPETER

FEAL Tk ol i 1k
Ji% S A4 R \
AR Rl % 1 WahFo Hurst 84 H
TR ARAT -0.0173 0.2268 0.7712
LB -0.1465 0.4071 0.7883
TE G2 1.0391 0.6824 0.7816

5.4 BRHUGER

2 i) B-S B A B AR B B BT A AR AL IR A LT AT BE3E 3, (HIX A
REZI i H S AR A0 I 23 TEARRAIE DA S B BRIN %« TR, A SR FH VR & TR 93 Bk K
R, ORBIAR A B A AR AR, 15 B R IR IORMEL, IR 5 LA s
2y B S TR G 7 B BE ST RIARAIE LR B ER RS R SRR AT X
tt, HARLERILIE 5.4-56.
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R
T

35

— A
- LA BIE B
5 KA 3 5
- R S U BIE B
—— RS R B A

25

i

09/01/2020 12/01/2020 03/01/2021 06/01/2021 09/01/2021
(8]

B 56 HRHESEBRMENEE

K 5.4-5.6 2 B2 T A SRR B = S BEEE s O AE B, DAS LA A
BAZ BN o0 B WIS B TR 3 A BHIS S AR A V0 SO BB 8 1 I 52N 4%
RS ER AT . FRLILRRAR AT N, A 0 BUREAE A B8 3 (BSR4 T T LA
A WIIE SN, F HIE T IR A VR - B8k B 75 21 (RO e e 10 5 552 1) B A
Bk ARG RN A B S R, S R ARSI CE i R
BRAT 2020 4E 7 A 1 HFHE. 2405 A) 2021 4 8 A 1 HEfHiL. R 2021 4
7 H 1 HBHED TRAE R Bk SO Y 58 5 4 220w A B ER ISR, AT LA
16 T Ho Aty JUAPASE B A 53X 7 T AN A2 o

55 MEMRSh

AT BT AS RSB (40 A sk R AT iR 22 0. B 5.4-5.6 HIEITE )7 s
H T AR AL AN (AR HME 5 BB 2 TR A A 1 10, AT mT DL
TRE R B BUR AL L LT AR WS 3 . 0 B WIS 5l TR A 90 A B3 5 1
PUBCORTEAR . R, RATFHLEITHRZEMAE), P45 H 45t ik % (MAPE),
DL 381 75 A 15 22 (RMSE) W AN [T AL 300 A RO BEAT 1R 22 40 0T e 31X =AM AR I 8
XU
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TR Bkl OB (1 [m] SR IIRUE fr Je GE Bt

n

AR — X
MAEfHE:

i=1

RMSE =

Si—Si

100% —
,MAPE::) £§:

n

=1

S, — S,

S,

Hoh, SEREMPF=MHEMM, SFFERME, nFoRBdns. BN

5 RSN IR M SL T W3R 5.3.3K8 5.5\ 5.7, IR Z /M I B Ak &5 R LR 5.4,

% 5.6. ¥ 5.8,

R 53 WARBTENEAME R HR S T

SO UTIES  HEEs  RASASEs o A
By it A
B 10.2987 8.7137 10.6291 10.4536 10.5024
Ffz% 10.3000 8.6008 10.9423 10.4918 10.3091
BN 12.2000 10.7012 12.7685 12.0363 12.5782
B/ME  9.2500 7.0821 8.1941 8.7388 8.8173
K54 HRBTEMEUERREDS T

MAE MAPE RMSE

JUAT AR BRIZ 3 1.557 14.96% 1.7828

o3 HUAT BE 5 1.3573 13.44% 1.5137

RE U Wizl 0.6722 6.62% 0.8901

TRA I Bk B A 0.5796 5.62% 0.7421
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R 55 HEMNIRAIBAIEAME IR 28 v

HMi JUTBEs)  aEmREs)  RE2EUh iEs) {Eéé{%iﬁ
By i A
B 39.0374 22.3620 33.0210 36.4261 38.6042
ifis  38.6000 18.6748 31.8251 36.8984 39.3354
AMH  51.0900 48.0589 48.3148 49.813 48.6658
H/ME - 33.4100 12.8946 20.0533 20.8066 28.4547
R 5.6 EXNFELIBMEIERRED T
MAE MAPE RMSE
JUfRI AR BHIZ ) 16.7945 43.41% 18.0740
53 B RRIE 3 7.3677 18.47% 9.2768
RE 0 HUn Wiz s) 5.9757 14.89% 8.5304
TR R Bk B 2 2.6957 6.95% 3.4511
R 57 HRESBEMEER#R ST
R TOOES A ECRONE  WAERAES
M 145377 8.2944 9.3345 11.2243 14.6282
7% 11.8000 8.0336 8.6093 10.7098 11.3011
BA{E 32.0000 11.9668 14.6070 17.8270 31.0469
B/ME  8.6000 5.8537 6.4796 6.7440 7.2566
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58 PRESBMRAMERIRES BT

MAE MAPE RMSE

JUT A BIZ 5 6.4628 37.32% 8.8278

o3 B RAIE B 5.2350 31.47% 6.7699

TRA 73 B4 iz 5) 47108 27.53% 6.4542
TRA R B B R 2.1023 15.18% 2.7949

M 5.3-5.8 AILUE tH, RG> Bukd B AL N B SR A AU E R 1R

HR A B30 S8 S N B SO S, e S RN i/ MEL RS AU EL T S A T ey = b
R, B i IR oA RO KBy 32, R =R AL A e K AE R
B 20, iR By BB A R i KON 3L, ARE LA SME. fsh, R
R B OB R (1) = R 22 7 e b IR 20/ T HR =R AR A, X
TRE RO B WO R ) B & ROR S e () o BRI, TR 5 IR 73 Bk 7 bR 7
BE 1% 5 4 1 2 ) L < R 8 7 A0 O 0 TR IR DL AN 2R3 , 7T DA IR LA = Fif
BRARERX T AL, EMEERE B, X REERBGEN —AE . AR,
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6 iR EERE
6.1 IR EL

Z ) B-S BAUAMIBUE N B B T IR SERHEA,  HE M A B I
AR I X — I Fdm . AR, ZBERD G R 7 Rl T, 5
AT w22, BN, B-S MK AHEBL M, I BARGARI %™
Y& IR IR LT AT RIE 3 . RIE, ASCEZEAX LA EXREA L, ETRE
R BATRHIZ BT 7T 77K ASE R IR 2 iy, I 51\ Poisson 1 R @S2I &
AT B B AL, [R5 FE 2 5 S, WRFE T BRI R AL s . R EEAE R
LU

(1) EFIRE R EATMIES), BT R 7k A S 3 E] AL 52 ph A8
B, SRAS T IR A% P 2 R0 73 07 R e FLa Sk A, IRl i sRAR % 35
TR, AR TIRE U B WNE BN N, 7k ASE 3R] AN A 1) T 50 S e e s
T St e JEIEBUEAIL, YO T e A SR 1R AN b I 2 55 L A9 T
PR, I H. Hurst $85505 0% 3% 50BN M A 525 52 o

(2) FETIRE R Hky B8, @57 7 HA 55 3 B R R AR &
AL, JEIL IS Crank-Nicolson #% 3%, 195 iz A R RUE A, FRd i e
W, BOE T A AR A R

(3) MLHU LS B SR AT G v A AT, S5 SRR TRE IR Bk ik
AT £ 0% B B 1t 220 ) S < R B 7 A A ) 0 TR AR AIE LA AN 2238 5y, AT DB IE LA
MAEs) . 8 HIasl . IRE 8 Bie ) SR T T A 2 o X Uk R TR
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r=0.5
g=0.05
sigmal=0.2
sigma2=0.3
h=0.75

t=1.5

M<-function(h,t,sigmal,sigma2){

(0.5*sigmal”2)-+h*(2-2/(2*h-1)*sigma2/2*(t(2*h-1)))

}

M1<-M(0.75,1.5,0.2,0.3)
lamda=(r-g+M1)/2*M1
theta=(lamda”2+g/M1)"0.5
lamdal=lamda+theta

lamda2=lamda-theta

f<-function(x,a,b,c,d){

return(a*x”(b+1)+c*x"b-d*x-c)

root<-uniroot(f,c(1,200),

a=lamda2*(1-lamdal),

b=lamdal-lamda2,

c=lamdal*lamda2,

d=lamdal*(1-lamda2),

tol = 0.0001)
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z_tao<-root$root

v<-function(x,y){

(p1*(x~(1-lamdal))*y~lamdal)+(p2*(x*(1-lamda2))*y*lamda2)

a<-c(5)

i<-2

while (i<=30) {
a[i]=a[i-1]+0.5

i=i+1

b<-6

i<-2

while (i<=30) {

b[i]=b[i-1]+0.6

i=i+1

v<-v(a,b)

#install.packages("scatterplot3d™)

library(scatterplot3d)

scatterplot3d(a,b,v,

xlab =X,

ylab =y,
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zlab ="'V,

pch=186,

#RUI B EKE BRI y AR A T A [
highlight.3d = T,
HISINESE RS KT  2E B 28
Ity.hplot = 2,

#IE H 2 BN IR 2R

type="h",

lwd=2)

scatterplot3d(a,b,v);

xR RESPTERE

%A iR ZE (MAE)
n=length(Prices);
mael = sum( abs(Prices - PRICE) ) ./ n;

mae2 = sum( abs(Prices - JUMP) ) ./ n;

mae3 = sum( abs(Prices - Fbom) ) ./ n;

mae4 = sum( abs(Prices - Mfbm) ) ./ n ;

% V-4 %] 1 7r iR % MAPE

mapel = sum( abs( (Prices - PRICE)./Prices) ) ./ n;

mape2 = sum( abs( (Prices - JUMP)./Prices) ) ./ n;

mape3 = sum( abs( (Prices - Fbm)./Prices) ) ./ n;

mape4 = sum( abs( (Prices - Mfbm)./Prices) ) ./ n ;

%13 TR 1R % (RMSE)
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rmsel = sqrt( sum( (Prices - PRICE)."2) ./ n);

rmse2 = sqrt( sum( (Prices - JUMP)."A2) ./ n);

rmse3 = sqrt( sum( (Prices - Fbom).~2) ./ n);

rmse4 = sqrt( sum( (Prices - Mfbm).~2) ./ n);

M= PHEERESSE
T8 R 4RAT (2020/5/28-2021/5/28)

H 3 Wt | HA ekt | H Wttt | HA Wttt | A At
2020/5/28 | 10.53 2020/8/13 10.51 2020/11/4 | 9.34 2021/1/19 | 10.16 2021/4/12 | 10.73
2020/5/29 | 10.57 2020/8/14 10.59 2020/11/5 | 9.36 2021/1/20 | 9.98 2021/4/13 | 10.76
2020/6/1 10.65 2020/8/17 10.84 2020/11/6 | 9.39 2021/1/21 | 9.97 2021/4/14 | 10.59
2020/6/2 10.68 2020/8/18 10.69 2020/11/9 | 9.43 2021/1/22 | 9.79 2021/4/15 | 10.43
2020/6/3 10.7 2020/8/19 10.58 2020/11/10 | 9.46 2021/1/25 | 9.72 2021/4/16 | 10.54
2020/6/4 10.64 2020/8/20 10.47 2020/11/11 | 9.56 2021/1/26 | 9.68 2021/4/19 | 10.58
2020/6/5 10.67 2020/8/21 10.5 2020/11/12 | 9.43 2021/1/27 | 9.73 2021/4/20 | 10.5
2020/6/8 10.61 2020/8/24 10.46 2020/11/13 | 9.36 2021/1/28 | 9.66 2021/4/21 | 10.58
2020/6/9 10.68 2020/8/25 10.45 2020/11/16 | 9.45 2021/1/29 | 9.96 2021/4/22 | 10.43
2020/6/10 | 10.58 2020/8/26 10.37 2020/11/17 | 9.53 2021/2/1 10.44 2021/4/23 | 10.43
2020/6/11 | 10.48 2020/8/27 10.35 2020/11/18 | 9.7 2021/212 10.22 2021/4/26 | 10.3
2020/6/12 | 10.55 2020/8/28 10.46 2020/11/19 | 9.74 2021/2/13 10.26 2021/4/27 | 10.27
2020/6/15 | 10.35 2020/8/31 10.36 2020/11/20 | 9.67 2021/2/4 10.28 2021/4/28 | 10.25
2020/6/16 | 10.45 2020/9/1 10.29 2020/11/23 | 9.9 2021/2/5 10.72 2021/4/29 | 10.54
2020/6/17 | 10.47 2020/9/2 10.18 2020/11/24 | 9.85 2021/2/8 10.72 2021/4/30 | 10.05
2020/6/18 | 10.5 2020/9/3 10.12 2020/11/25 | 9.81 2021/2/9 10.68 2021/5/6 10.1
2020/6/19 | 10.61 2020/9/4 10.07 2020/11/26 | 9.98 2021/2/10 | 10.69 2021/5/7 10.03
2020/6/22 | 10.55 2020/917 10.01 2020/11/27 | 10.2 2021/2/18 | 10.83 2021/5/10 | 9.95
2020/6/23 | 10.48 2020/9/8 10.05 2020/11/30 | 10.06 2021/2/19 | 10.97 2021/5/11 | 10.05
2020/6/24 | 10.6 2020/9/9 10.01 2020/12/1 | 10.3 2021/2/22 | 10.71 2021/5/12 | 10.12
2020/6/29 | 10.57 2020/9/10 9.96 2020/12/2 | 10.25 2021/2/23 | 10.78 2021/5/13 | 10.09
2020/6/30 | 10.58 2020/9/11 9.92 2020/12/3 | 10.24 2021/2/24 | 10.6 2021/5/14 | 10.19
2020/7/1 10.74 2020/9/14 9.9 2020/12/4 | 10.17 2021/2/25 | 10.8 2021/5/17 | 10.21
2020/7/12 11.05 2020/9/15 9.86 2020/12/7 | 9.99 2021/2/26 | 10.54 2021/5/18 | 10.22
2020/713 11.19 2020/9/16 9.86 2020/12/8 | 9.98 2021/3/1 10.58 2021/5/19 | 10.12
2020/716 12.2 2020/9/17 9.83 2020/12/9 | 9.91 2021/3/2 10.47 2021/5/20 | 10.16
20201717 12.11 2020/9/18 9.94 2020/12/10 | 9.82 2021/3/3 10.92 2021/5/21 | 10.09

2020/7/8 12.14 2020/9/21 9.84 2020/12/11 | 9.7 2021/3/4 10.88 2021/5/24 | 10.09
2020/719 11.99 2020/9/22 9.7 2020/12/14 | 9.75 2021/3/5 10.86 2021/5/25 | 10.32
2020/7/10 | 11.6 2020/9/23 9.63 2020/12/15 | 9.71 2021/3/8 10.75 2021/5/26 | 10.35
2020/7/13 | 11.66 2020/9/24 9.5 2020/12/16 | 9.65 2021/3/9 10.73 2021/5/27 | 10.29
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(813
H 3 Wit | B et | H Y Wit | B Wit | B e Ry
2020/7/14 | 11.38 2020/9/25 9.47 2020/12/17 | 9.77 2021/3/10 | 10.72 2021/5/28 | 10.35
2020/7/15 | 11.18 2020/9/28 9.46 2020/12/18 | 9.76 2021/3/11 | 10.9
2020/7/16 | 11.2 2020/9/29 9.43 2020/12/21 | 9.75 2021/3/12 | 10.9
2020/7/17 | 11.27 2020/9/30 9.39 2020/12/22 | 9.61 2021/3/15 | 11.12
2020/7/20 | 11.52 2020/10/9 9.42 2020/12/23 | 9.55 2021/3/16 | 11.11
2020/7/21 | 11.54 2020/10/12 | 9.59 2020/12/24 | 9.55 2021/3/17 | 10.92
2020/7/22 | 11.62 2020/10/13 | 9.54 2020/12/25 | 9.58 2021/3/18 | 11.03
2020/7/23 | 10.84 2020/10/14 | 9.53 2020/12/28 | 9.57 2021/3/19 | 10.65
2020/7/124 | 10.42 2020/10/15 | 9.62 2020/12/29 | 9.53 2021/3/22 | 10.75
2020/7/27 | 10.37 2020/10/16 | 9.72 2020/12/30 | 9.5 2021/3/23 | 10.78
2020/7/28 | 10.39 2020/10/19 | 9.65 2020/12/31 | 9.68 2021/3/24 | 10.68
2020/7/29 | 10.51 2020/10/20 | 9.58 2021/1/4 9.69 2021/3/25 | 10.63

>
>

=
=

2020/7/30 | 10.4 2020/10/21 | 9.7 2021/1/5 9.68 2021/3/26 | 10.62
2020/7/31 | 10.36 2020/10/22 | 9.65 2021/1/6 9.82 2021/3/29 | 10.48
2020/8/3 10.41 2020/10/23 | 9.7 2021/117 9.81 2021/3/30 | 11.01
2020/8/4 10.66 2020/10/26 | 9.6 2021/1/8 9.83 2021/3/31 | 10.99
2020/8/5 10.51 2020/10/27 | 9.48 2021/1/11 | 9.69 2021/4/1 10.89
2020/8/6 10.53 2020/10/28 | 9.4 2021/1/12 | 9.78 2021/412 10.76

2020/817 10.43 2020/10/29 | 9.37 2021/1/13 | 9.84 2021/4/6 10.7

2020/8/10 | 10.52 2020/10/30 | 9.26 2021/1/14 | 9.87 2021/417 10.65
2020/8/11 10.47 2020/11/2 9.25 2021/1/15 | 9.92 2021/4/8 10.66
2020/8/12 | 10.56 2020/11/3 9.3 2021/1/18 | 10.08 2021/4/9 10.59

HNLPRA (2020/8/3-2021/8/27)

H ety H ey SE: B ey | Ut Hi | Wit

2020/8/3 45.44 | 2020/10/23 | 41.02 2021/1/7 | 36.95 | 2021/3/30 34 2021/6/18 | 36.68
2020/8/4 44,05 | 2020/10/26 | 41.74 | 2021/1/8 | 37.55 | 2021/3/31 | 33.73 | 2021/6/21 | 38.92
2020/8/5 4486 | 2020/10/27 | 42.2 2021/1/11 | 36.09 | 2021/4/1 | 3455 | 2021/6/22 | 37.17
2020/8/6 4422 | 2020/10/28 | 44.22 | 2021/1/12 | 36.39 | 2021/4/2 | 35.02 | 2021/6/23 | 37.68
2020/8/7 43.05 | 2020/10/29 | 43.22 | 2021/1/13 | 36.17 | 2021/4/6 | 35.08 | 2021/6/24 | 37.27
2020/8/10 | 43.15 | 2020/10/30 | 42.18 | 2021/1/14 | 38.04 | 2021/4/7 | 35.09 | 2021/6/25 | 37.54
2020/8/11 | 41.67 2020/11/2 43.16 | 2021/1/15 | 38.43 | 2021/4/8 | 36.27 | 2021/6/28 | 39.11
2020/8/12 | 41.28 2020/11/3 4456 | 2021/1/18 | 38.48 | 2021/4/9 | 36.22 | 2021/6/29 | 36.88
2020/8/13 | 41.62 2020/11/4 | 43.86 | 2021/1/19 | 39.15 | 2021/4/12 | 36.24 | 2021/6/30 | 37.96
2020/8/14 | 42.54 2020/11/5 | 44.45 | 2021/1/20 | 38.71 | 2021/4/13 | 35.83 2021/7/71 | 37.05
2020/8/17 | 42.96 2020/11/6 457 | 2021/1/21 | 38.54 | 2021/4/14 | 36.38 2021/772 | 36.71
2020/8/18 | 43.14 2020/11/9 47 2021/1/22 | 37.33 | 2021/4/15 | 36.23 2021/7/5 38
2020/8/19 42 2020/11/10 | 44.75 | 2021/1/25 | 37.25 | 2021/4/16 | 36.54 | 2021/7/6 | 38.15
2020/8/20 | 41.48 | 2020/11/11 | 43.47 | 2021/1/26 | 37.68 | 2021/4/19 | 37.71 2021/7/7 38.8
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2020/8/21 | 41.38 | 2020/11/12 | 44.09 | 2021/1/27 | 37.05 | 2021/4/20 | 37.24 | 2021/7/8 | 39.32
2020/8/24 | 41.61 | 2020/11/13 44.7 2021/1/28 | 36.88 | 2021/4/21 | 37.24 | 2021/7/9 | 40.68
2020/8/25 | 40.84 | 2020/11/16 | 45.42 | 2021/1/29 | 35.78 | 2021/4/22 | 37.08 | 2021/7/12 | 40.35
2020/8/26 39.45 | 2020/11/17 | 4552 | 2021/2/1 35.7 | 2021/4/23 | 35.65 | 2021/7/13 | 39.95
2020/8/27 39.89 | 2020/11/18 44.3 2021/2/2 36.1 | 2021/4/26 | 3557 | 2021/7/14 | 38.6
2020/8/28 39.99 | 2020/11/19 44.8 2021/2/3 | 35.46 | 2021/4/27 | 35.82 | 2021/7/15 | 38.17
2020/8/31 | 40.66 | 2020/11/20 43.8 2021/2/4 345 | 2021/4/28 | 36.13 | 2021/7/16 | 38.11
2020/9/1 41.09 | 2020/11/23 | 42.41 | 2021/2/5 | 34.08 | 2021/4/29 353 2021/7/19 | 37.36
2020/9/2 40.4 2020/11/24 | 42.43 | 2021/2/8 | 34.09 | 2021/4/30 | 34.11 | 2021/7/20 | 37.62
2020/9/3 40.23 | 2020/11/25 | 42.41 | 2021/2/9 | 34.52 2021/5/6 34.08 | 2021/7/21 | 38.75
2020/9/4 40.21 | 2020/11/26 425 | 2021/2/10 | 34.78 | 2021/5/7 34.89 | 2021/7/22 | 46.5
2020/9/7 40.13 | 2020/11/27 | 42.76 | 2021/2/18 | 35.52 | 2021/5/10 | 34.97 | 2021/7/23 | 49.93
2020/9/8 39.79 | 2020/11/30 | 43.09 | 2021/2/19 | 36.58 | 2021/5/11 | 35.12 | 2021/7/26 | 51.09
2020/9/9 38.1 2020/12/1 | 43.18 | 2021/2/22 | 36.29 | 2021/5/12 | 34.99 | 2021/7/27 | 47.7
2020/9/10 | 36.82 2020/12/2 | 42.76 | 2021/2/23 | 36.34 | 2021/5/13 | 34.71 | 2021/7/28 | 44.28
2020/9/11 37.66 2020/12/3 | 42.11 | 2021/2/24 | 36.5 | 2021/5/14 | 35.04 | 2021/7/29 | 46.22
2020/9/14 | 38.98 2020/12/4 | 42.02 | 2021/2/25 | 35.92 | 2021/5/17 | 34.68 | 2021/7/30 | 46.43
2020/9/15 | 39.39 2020/12/7 | 40.97 | 2021/2/26 | 35.52 | 2021/5/18 348 2021/8/2 46.2
2020/9/16 | 39.63 2020/12/8 | 40.32 | 2021/3/1 | 36.33 | 2021/5/19 | 34.35 | 2021/8/3 | 44.45
2020/9/17 | 40.76 2020/12/9 | 39.35 | 2021/3/2 | 35.86 | 2021/5/20 | 34.28 | 2021/8/4 | 45.33
2020/9/18 | 40.95 | 2020/12/10 | 39.11 2021/3/3 | 36.11 | 2021/5/21 | 34.02 2021/8/5 45.2
2020/9/21 | 40.54 | 2020/12/11 | 38.21 | 2021/3/4 | 35.84 | 2021/5/24 | 34.45 | 2021/8/6 | 44.48
2020/9/22 | 40.08 | 2020/12/14 | 39.14 | 2021/3/5 | 36.48 | 2021/5/25 | 34.96 | 2021/8/9 | 43.88
2020/9/23 | 41.36 | 2020/12/15 | 39.01 | 2021/3/8 | 36.06 | 2021/5/26 | 35.16 | 2021/8/10 44
2020/9/24 | 40.26 | 2020/12/16 | 38.14 | 2021/3/9 | 34.93 | 2021/5/27 36.7 2021/8/11 | 43.1
2020/9/25 | 39.66 | 2020/12/17 | 38.42 | 2021/3/10 | 33.66 | 2021/5/28 | 35.81 | 2021/8/12 | 43.15
2020/9/28 | 38.63 | 2020/12/18 38.2 2021/3/11 | 34.11 | 2021/5/31 37.2 2021/8/13 | 41.38
2020/9/29 | 40.07 | 2020/12/21 | 38.93 | 2021/3/12 | 33.67 2021/6/1 36.95 | 2021/8/16 | 42.06
2020/9/30 | 40.44 | 2020/12/22 | 38.31 | 2021/3/15 | 33.41 2021/6/2 36.88 | 2021/8/17 41
2020/10/9 | 42.35 | 2020/12/23 | 38.36 | 2021/3/16 | 34.06 | 2021/6/3 36.65 | 2021/8/18 40
2020/10/12 43 2020/12/24 | 37.06 | 2021/3/17 | 34.09 2021/6/4 | 37.24 | 2021/8/19 | 40.2
2020/10/13 | 42.68 | 2020/12/25 | 37.86 | 2021/3/18 | 33.8 2021/6/7 39.4 | 2021/8/20 | 39.33
2020/10/14 | 4252 | 2020/12/28 | 37.61 | 2021/3/19 | 33.7 2021/6/8 37.37 | 2021/8/23 | 40.66
2020/10/15 | 41.68 | 2020/12/29 39.2 2021/3/22 | 342 2021/6/9 37.2 2021/8/24 | 40.25
2020/10/16 | 42.25 | 2020/12/30 | 38.79 | 2021/3/23 | 34.35 | 2021/6/10 | 37.25 | 2021/8/25 | 40.41
2020/10/19 | 41.16 | 2020/12/31 39.4 | 2021/3/24 | 34.27 | 2021/6/11 | 35.81 | 2021/8/26 | 39.02
2020/10/20 | 42.14 2021/1/4 39.46 | 2021/3/25 | 34.27 | 2021/6/15 | 35.81 | 2021/8/27 | 39.27
2020/10/21 | 416 2021/1/5 39.08 | 2021/3/26 | 34.26 | 2021/6/16 | 34.39
2020/10/22 | 415 2021/1/6 38.07 | 2021/3/29 | 33.85 | 2021/6/17 | 36.45
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FRkEA, (2020/8/31-2021/8/27)

H 3 et F 3 lhEtxiy F 3 ey H WA H 3 lhErRiy

2020/8/31 8.63 | 2020/11/20 11.18 | 2021/2/4 11.96 | 2021/4/28 11.57 | 2021/7/16 27.85
2020/9/1 9.04 | 2020/11/23 11.8 | 2021/2/5 11.08 | 2021/4/29 11.29 | 2021/7/19 25.8
2020/9/2 9.37 | 2020/11/24 11.69 | 2021/2/8 10.99 | 2021/4/30 11.2 | 2021/7/20 26.05
2020/9/3 9.16 | 2020/11/25 11.75 | 2021/2/9 11.59 | 2021/5/6 10.9 | 2021/7/21 27.36
2020/9/4 9.33 | 2020/11/26 11.27 | 2021/2/10 11.4 | 2021/5/7 10.73 | 2021/7/22 26.54
2020/9/7 9.68 | 2020/11/27 11.13 | 2021/2/18 11.27 | 2021/5/10 10.75 | 2021/7/23 22.8
2020/9/8 9.61 | 2020/11/30 11.04 | 2021/2/19 11.41 | 2021/5/11 10.7 | 2021/7/26 23.78
2020/9/9 9.1 | 2020/12/1 11.2 | 2021/2/22 11.97 | 2021/5/12 10.69 | 2021/7/27 22.65

2020/9/10 8.6 | 2020/12/2 11.24 | 2021/2/23 11.27 | 2021/5/13 10.49 | 2021/7/28 24.2

2020/9/11 8.99 | 2020/12/3 11.14 | 2021/2/24 11.19 | 2021/5/14 10.77 | 2021/7/29 23.75

2020/9/14 9.51 | 2020/12/4 11.67 | 2021/2/25 10.94 | 2021/5/17 11.38 | 2021/7/30 22.49

2020/9/15 9.37 | 2020/12/7 12.06 | 2021/2/26 10.94 | 2021/5/18 11.49 | 2021/8/2 24.17

2020/9/16 10.12 | 2020/12/8 12.36 | 2021/3/1 10.98 | 2021/5/19 12.31 | 2021/8/3 2241

2020/9/17 9.99 | 2020/12/9 11.9 | 2021/3/2 11.05 | 2021/5/20 12.64 | 2021/8/4 25.52

2020/9/18 9.91 | 2020/12/10 11.86 | 2021/3/3 11.12 | 2021/5/21 13.1 | 2021/8/5 25.84

2020/9/21 10.14 | 2020/12/11 11.89 | 2021/3/4 10.68 | 2021/5/24 13.39 | 2021/8/6 26.35

2020/9/22 9.6 | 2020/12/14 12.28 | 2021/3/5 10.44 | 2021/5/25 13.18 | 2021/8/9 24.39

2020/9/23 9.5 | 2020/12/15 12.15 | 2021/3/8 10 | 2021/5/26 13.06 | 2021/8/10 24

2020/9/24 9.03 | 2020/12/16 11.77 | 2021/3/9 9.97 | 2021/5/27 13.79 | 2021/8/11 25.01

2020/9/25 8.79 | 2020/12/17 12.6 | 2021/3/10 10.17 | 2021/5/28 15.65 | 2021/8/12 25.28

2020/9/28 8.7 | 2020/12/18 12.94 | 2021/3/11 10.23 | 2021/5/31 17.1 | 2021/8/13 24.32
2020/9/29 9 | 2020/12/21 13.45 | 2021/3/12 10.62 | 2021/6/1 17.18 | 2021/8/16 22.3
2020/9/30 9.12 | 2020/12/22 13.02 | 2021/3/15 10.3 | 2021/6/2 17.05 | 2021/8/17 20.64
2020/10/9 9.9 | 2020/12/23 13.58 | 2021/3/16 104 | 2021/6/3 17.7 | 2021/8/18 20.59

2020/10/12 11.4 | 2020/12/24 12.87 | 2021/3/17 10.31 | 2021/6/4 18.85 | 2021/8/19 21.18
2020/10/13 11.59 | 2020/12/25 12.9 | 2021/3/18 10.52 | 2021/6/7 17.96 | 2021/8/20 21.35
2020/10/14 11.71 | 2020/12/28 12.51 | 2021/3/19 10.38 | 2021/6/8 18.24 | 2021/8/23 21.85
2020/10/15 11.76 | 2020/12/29 11.48 | 2021/3/22 10.45 | 2021/6/9 19.48 | 2021/8/24 23.2
2020/10/16 11.51 | 2020/12/30 12.14 | 2021/3/23 10.24 | 2021/6/10 19.94 | 2021/8/25 24.49
2020/10/19 11.8 | 2020/12/31 12.25 | 2021/3/24 10.11 | 2021/6/11 21.11 | 2021/8/26 24.18
2020/10/20 12.01 2021/1/4 13.44 | 2021/3/25 10.27 | 2021/6/15 20.39 | 2021/8/27 24.29
2020/10/21 11.53 2021/1/5 13.23 | 2021/3/26 10.6 | 2021/6/16 19.05
2020/10/22 11.42 2021/1/6 12.6 | 2021/3/29 10.58 | 2021/6/17 19.83
2020/10/23 11.56 2021/117 12.14 | 2021/3/30 10.59 | 2021/6/18 22.71
2020/10/26 11.77 2021/1/8 11.87 | 2021/3/31 10.72 | 2021/6/21 22.66
2020/10/27 12.73 | 2021/1/11 11.17 | 2021/4/1 10.84 | 2021/6/22 22.95
2020/10/28 12.26 | 2021/1/12 10.97 | 2021/4/2 10.69 | 2021/6/23 23.44
2020/10/29 1147 | 2021/1/13 11.21 | 2021/4/6 10.58 | 2021/6/24 22.67
2020/10/30 111 | 2021/1/14 10.78 | 2021/417 10.55 | 2021/6/25 22.76
2020/11/2 11.6 | 2021/1/15 10.89 | 2021/4/8 10.41 | 2021/6/28 22.88
2020/11/3 11.82 | 2021/1/18 11.16 | 2021/4/9 10.38 | 2021/6/29 23.3
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2020/11/4 12.08 | 2021/1/19 10.84 | 2021/4/12 10.28 | 2021/6/30 24.45
2020/11/5 13.83 | 2021/1/20 11.25 | 2021/4/13 10.34 | 2021/7/1 23.89
2020/11/6 13.08 | 2021/1/21 12.55 | 2021/4/14 10.83 | 2021/7/2 25.93
2020/11/9 13.54 | 2021/1/22 12.13 | 2021/4/15 10.99 | 2021/7/5 27.8
2020/11/10 13.3 | 2021/1/25 12.03 | 2021/4/16 10.93 | 2021/7/6 27.45
2020/11/11 12,57 | 2021/1/26 12.26 | 2021/4/19 1157 | 2021/7/7 29.32
2020/11/12 12.24 | 2021/1/27 12.5 | 2021/4/20 11.45 | 2021/7/8 29.95
2020/11/13 12,53 | 2021/1/28 12.07 | 2021/4/21 11.29 | 2021/7/9 29.15
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2020/11/16 12.1 | 2021/1/29 12.33 | 2021/4/22 11.49 | 2021/7/12 32
2020/11/17 11.38 2021/2/1 12.94 | 2021/4/23 11.51 | 2021/7/13 30.83
2020/11/18 10.96 20217212 13 | 2021/4/26 11.7 | 2021/7/14 27.76

2020/11/19 10.95 2021/2/3 12.6 | 2021/4/27 11.8 | 2021/7/15 29.94
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