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Abstract

As a typical path-dependent singular option, the pricing method of
Asian option has always been one of the hot issues in the field of finance.
At present, few literatures have considered randomness, fractal
characteristics and fuzziness of financial markets at the same time.
However, in practice, the financial market has not only randomness and
fractal characteristics, but also fuzziness. Therefore, in this thesis, we
consider using mixed sub-fractional process with jump to study the
geometric Asian option pricing problem in fuzzy state, so as to describe the
price change law of financial assets more comprehensively. The main
research contents of this thesis are as follows:

Firstly, considering the long memory and jump phenomenon of
financial asset prices, a geometric Asian option pricing model is

constructed based on mixed sub-fractional Brownian motion and Poisson
process. Firstly, by using the mixed sub-fractional [td6 formula, the
analytical solution of the stochastic differential equation satisfying the
mixed sub-fractional jump process Itd formula and its stock price is

obtained. Secondly, the pricing formula of geometric Asian call option is
given based on the risk-neutral principle. Finally, the relationship between
stock price, risk-free interest rate and volatility and option price is
discussed by numerical experiments with different Hurst index H and
Poisson intensity A.

Secondly, Monte Carlo simulation and empirical analysis are carried
out. This part mainly gives the derivation of expression for estimating the
volatility parameter of the underlying asset. under the mixed fractional
jump process. Then, the estimated values of each parameter are obtained

according to actual data of the underlying asset., and the Monte Carlo
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simulation and fitting effect analysis are carried out to verify the rationality
and practicability of the model.

Thirdly, considering the fuzziness of financial market further, the
geometric Asian fuzzy option pricing model is constructed by introducing
fuzzy theory. Firstly, based on the established geometric Asian option
pricing model, the range end points of the geometric Asian call fuzzy
option price are obtained through the triangular fuzzy number and the
multiple expansion principle, and the fuzzy pricing formula is given.
Secondly, the influence of confidence and Hurst index on fuzzy price is
analyzed by numerical simulation. Finally, the model established in this
thesis is compared with the classical BS model.

The results show that the simulated path under the mixed fractional
jump process model is closer to the real path. And under this model, the
fuzzy price interval obtained by combining the fuzzy theory is more

reasonable and more helpful to the decision of financial investors.

Keywords: Mixed sub-fractional process with jump; Geometric Asian

options; Fuzzy theory; Risk-neutral principle; Monte Carlo simulation
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3,15 REMET FEIRTE 7 S BRI R 3,16 REME T FEIMETE) 7St B AR E A

BEAh, M EIRETAT B R

By AHABSHUE ERITEOLR, B Hurst 1640 H IR, B kIR A%
AE BRI A% 2002 H IR . BEAk, H K, SRLIT Ry, A F 5 Sk bt
OLHY, XN H R, DR il i 7 A& S S, Fr i B 1 %
PO Y AR BRI , AT BEARAR R 58 77217 SR AR (BT 3, 5 SUWRUO S T B

B, AHMSHEERNE T, BEAN, BB % A 2
MRS IR Wt 2 Ud, TSR A S B IKE BRI RS X ROE R . e g
FERRR, BB B 7 R Sl gl ] 2, RH5 5% 2 I ) JRUBSEABBORS, - AT o v WA 2
e, FEURBUT % BT
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4 Monte Carlo &3\ FISEHE S 47

BT UL BB G R B R R, AR HET H VIR G R B RE T, Ar
HIBE = AR S TR RIE I AR5, I SR TR AR UE BV E bR i 5277,
47 7 Monte Carlo FRAUAISEUE M, AT 36k IR & V% 70 Bl bt A 72 20 i
M BN 1) SRR OLBR T .

4.1 BHEIEEL

ASCERE FUFZETE(000001.SH) FRIERLFE(399001.SZ)E A 5 X 5, 43 il itk
0L 2022 49 A 30 H% 2023 4 9 A 30 H3L 243 ANHEWREANMENRNIE, 1%
BRI T Wind . B 4.1, 42 BT FUFSEE . TRIESUER ISRt
I 7 . NI R] DU BB R0 557 A 22 7 T 20 IRIBRER, 1% 3R IR Al A B iR
(RITR B 43 BT WA B R AR bR 1K U5 7= (I8 B 2 A& 1

Ll ¢=en)
3200 3300 3400
1 1 1

3100
1

3000
1

2900
1

B%
4.1 BIEZTRiica i 1A

24



VRPN 2 = DA I TR 5 O3 Bk A F) ) LART 7 AU € i e ¢ AR A

12000
1

11500
1

@ 3
¥ 97
‘9' [ [ [ [ [ [
117 1R 38 58 78 9A
BH#
Kl 4.2 TRUEECR B I 1A
4.2 &¥hit

AHR >R ) — LRI ST T, 53] 7 ST L.
T/ 4E T Hrust JREHAE SRS HAb

(1) Hrust &bt

ARSCAE F ERRAR 22 53 TV (R/S A Wi oH B Hurst 4850 25 & — AN [ 7 31

{x;, 1<i<n}, WHIHEFIIHN

fn=,1l f=1Xi
JES)
xk,n=Z{-‘=1xi—fn, 1<k<n.
X
Rn = max (i) = min (xin).
HbrHEZEN

S —\/ X (x = xp)2.
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S5 3CHR4], WA

};—: = cnfl, 4.1)
X5 RE4. D PRI R B, A
In (};—:) =Inc+ Hinn, 4.2)

BEAL, ¢ W H. BEIARYE T A2 (4.2), 18 f /> 3 a1 V5 70 A AT A4S 3 Hurst $i5
B TR .

LA EJFEEE, AE R OIES PR BTk AR SRER ARSI s R CR A 8
() Hurst $5 5 8ME 7373024 0.85 1 0.88.

(2) PeshFERfhTt

H R EMBLRES,, ¢ = e HEG. ), HEAT:

dS, = rS.dt + 0S.dX,,

ik, r RETAFIZ, L—ANHEEG o BB )%, M
e X ARFWRE Bk, Hagr &k T

\jk
el

~

dX, = &/ (a? + 2B2H(2 — 22H-1)¢2H-1 4 })dt, 4.3)
Ak, e~N(0,1),
4G, = InS;, BEAGRMIES . T FEG.1), (4.3)CL e 3.1.2, N

A
G, G, 162G, ,
dG, = Edt a_StdSt + = 23S t (dSt)
1 11 ,
= S_tdSt E 2 (dSt)

= Slt(rstdt + 0S.dX,) — 502 (dX,)?,

X
(dX)? = (a? + 2B?H(2 — 22H-1)¢2H-1 4 D)dt.

UK

dG, = (r - —at 2(a? + 2p%H(2 — 22H-1)g2H-1 ¢ /1)) dt +

oy (a2 + 2B2H(2 — 22H-1)¢2H-1 ¢ })dt.
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Wi E R, A

S
AGt = ln St‘l‘At - 11’1 St = 11’1 Lrat

t

(r——at (a? + 2B?H(2 — 22H-1)¢2H- 1+/1))At+

o, (a2 + 2B2H(2 — 22H-1)¢2H-1 + })A¢t.

S22 (r Lo (a+267(2-22H-1)e212) e

~N(0,1),

\/atz(az+2B2H(2—22H—1)t2H—1+/1)At

E (ln St;’“) = (r — —at 2(a? + 2B?H(2 — 22H-1)¢2H-1 4 l)) At,

t
Var (1n SHM) = o2 (a? + 2B2H(2 — 22H-1)e2H-1 4 })A¢.

/4

m

o a] fi

e
4

Var (ln Sts“ft“)

(@? + 2B?2H(2 — 22H-1)t2H-1 + )At

of =

(4.4)

¢ = 10, £ (In 2222) fvar (In 2222) 54 5505 RGeSOk 5 g4 A0 iy

t

#=,
Hid RES 1HHES R FUEgE4s a0 H a4 5 80l 55 R B BE A 7 250 1N -
E (m%“) = 0.00012, Var (1n Sf;t“) = 0.00007.
Iy
O'tz — 0.00007

aZ+2B2H(2—-22H-1)t2H-113’
B EAEZRAR 2022 4F 9 H 30 HEUELNT 3024.39 1ENHIAGIES,, HARSHEUE
HN: a=p=1, A=5, r=0.0255,

[FIERA, PRIE R 1 E A 5 B0 28 2R RSB RN 5 22 93 53 A«

E (1n%) = 0.00026, Var (1n Sf;“) = 0.00012.

t t

Al

o2 = 0.00012
7 a242B2H(2—22H-1)t2H-14 7"
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BUAIE RS 2022 4F 9 A 30 H BT 10778.61 1ENWIMAIES,, HASHEUE
HN: a=B=1, A=5, r=0.0255,

4.3 Monte Carlo 123

WRYE T REG D BIUSR B A% AR S il i, D IRUh -
H—D AR EIESRTR % AR I AR

ASt = St+At - St = T'StAt + O-t+At£t+AtSt\/(a2 + ZﬁZH(Z - 22H_1)t2H_1 + A)At,

S i Sti-1 =1Sti—1+ UigiSt,i—l\/(az + 2B2H(2 — 22H-1)(i — 1)2H~1 + Q),

t,
AL, &R i N ZIFIFRHEIESBEN R &, 0, KR | N ZIMbrdEZE . J0H, 24 i=1

W, A

St, 1 = (T' + 1)50 + O'lglsom,

%I l:2 Hﬂ‘7 ﬁ

St; 2 = (T + 1)51-’1 + 0'28251.’1\/0!2 + Z,B’ZH(Z - 22H_1) + /1,

‘_£| l:3 HTJ" ﬁ

S, 3=+ 1S, + 03835 ,y/a? + 2B2H(2 — 22H-1)22H-1 4 ],

M =243 B, H

S = (r + 1)S; 242 + 02432435t 2427/ a2 + 2B2H(2 — 22H-1)(242)2H-1 4 ),

t, 243
ML EACTH 5, AR 243 MEME .

B B RIEFHATEIMNEE, S EEBENEI =, AR5 LA s
AT S EAERAT .

() FAFZEfa il s A 4.3, 4.4, 4.5 s, B, BEAEKLAR LIEL
TREV R SER AR, 2000, SO G RIZ 0 ARG & O Bl AR LA A B
IEF) T FNR A R HUA IS 3 T Rl R 42
ME 43-45 Z=AEA, ATRSE. B BE, BRI TRE
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73 Ko i R AR DL AR NG S i 2 A ) LS A2 . thtd i, IR & IR
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B 4.5 HSLEAR S5 = IR

Q)AL AL 5 R 4.6, 4.7, 4.8 Fin. MK 4.6-4.8 X =ANEH A LA
BHEO TR RIS, AE R FIFSGRIE R TIERAE, BRBL 7T
SRR REE TR A VOO BGOSR, P, AR AR P AR B RR , TRA R 0k
A AR 2 E A BRI IZ M R B SRS B it R B I S B HAULA BUR R
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14000
I

e 4E A
12000
I
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I
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I

118 1A 3R 5A A 94
BHE

47 EBREETIXEUBE

14000
1

12000
I

LA iy

10000
I
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I

118 18 318 58 78 94
BEE

B 48 ESBEESETRMMERE
44 BHRIHT

wJa, XAEBRPIIE SR AT IR ZE T . RSP XHEZ(MAE) A
KRR ZE( RMSE) 1X 2 MNMEFRXTAS B 40 & ROR AT PR . $BAR I €
SR

MAE = - %7 ,[$; - 53],
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RMSE =\/%2?=1(§i—5i)2.
Hr, SERRBER SN, SRR, n RoRFEAR.
(1) EIEZRIBREN S 5 LMK R IR TG SR 4.1, 4.2, 4.3 Fisll, i
oM R G Rk 4.4 s,

R A1 EMA R YE G b

B RAERE WH ISYNE] w/ME HR AL ER
LA 3192.336 3395 2893.48 3204.75
RE IR
‘ 3175.934 3489.729 2998.012 3189.926
Be i 2
JUAI AT Bz 3 2983.029 3450. 706 2703.983 3026.510
REIRTE
. 2602.946 3239.717 2505. 657 2600. 802
BRIz )

R A2 B UHHMA R IRYE ST b

B OEME W1H iSO w/ME FRA
HH 3192.336 3395 2893.48 3204.75
RA IR
‘ 3278.389 3450.122 2997.923 3303.123
ki
JUAAT A1 BB ) 3538.209 3889.497 2989.102 3466. 689
TBAIRD
. 3388.867 3629.109 2728.293 2739.028
i Bz 3l

R 43 = HHMA N IRYES T b

= IR RME W1E S YN w/IME rh A5
HAE 3192.336 3395 2893.48 3204.75
TBAIRD L
‘ 3187.410 3547.122 2992.339 3191.171
kit
JUAAT A1 B3z ) 3273.344 3675.367 3070.977 3266.869
TRA IR
. 3732.253 4031.177 2095.576 3712.028
1i BRIz 3]
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R 4.4 AFEBANEAR KR Z 0 M

PE FE PR [ EReA MAE RMSE
FH—IR 478.9790 526.8636
JUAAT A BB ) IR 456.9086 502.4689
E=I) 336.1521 356.3577
FE—IK 612.8037 695.4572
TRA IR .
o I/ ¢ 665.0386 611.8637
Ai BHiZ 3l o
FEEIR 531.0074 571.3042
FE—IK 121.4158 148.5055
WREIRTE
WX 108.9634 136.5607
ki
=R 103.8302 139.0524

M EIEZEFR I = O RME R R M S 45 R T LA, 5HA 2 AMEAUH
b, WG R Bophid BN B BAME I3 AL H R ORAE DA K R /M S
A LT B IR o X U B TR A I 23 B AR AT R B & SO R A R .
W, WERBL AR E KRG, WA R BOskid B AL (1 = U AR ZE AR, U
IR ARG e ML . JF H, WSS Rk E, AR E MR IR Z R TR A X
A BHIZ ) .

Q)IFRUE R B 5 B S KRR VE S T3k 4.5, 4.6 4.7 s, 1%
ZorHTH BAR LS SR AnZR 4.8 Fdl.

MR A A = AR R IR PR G5 SR T AR Y, TR IR B0k o RSt
B, SRS HE AR b I, T Mis sk e, TRE IR E
AT B BB S BOR e 22 . PSR IASE K, TR o Budhid R A i A e
B, TR IR HUAT BHIS B AN T LART AT RS Sh A Y A E TR 2

R 4S5 B UREHME A G o

B R RME WMH YN w/IME FRA
HAE 11140.49 12158.19 9981.67 11108.5
RA IR
‘ 10590.84 12009.27 10478.84 11090.57
it F
JUAAT A BB ) 11973.71 12899.83 10632.55 11012.24
TRA IR

o 9994.62 11595.42 9049.056 9795.42
i BRIz 3
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VRPN 2 = DA

HETHRE

RO B0 R A4 LA I AR 5 i 2 St 540

R 4.6 0 EIME A TE ST

IR RME YIMH i N{E w/IME Hh AT E
HH 11140.49 12158.19 9981.67 11108.5
TRA IR
11031.26 12233.71 9847.68 11288.4
i
IRCET:: bz 10039.21 12638.98 9184.92 10473.562
RBE IR
B 9566.264 11839.39 8050.962 9646.474
i Wiz 3l
4.7 = UEHME P RER G T b
=R RME PIH I SYNEN w/ME FRA
LA 11140.49 12158.19 9981.67 11108.51
REIRTE
11311.45 12983.22 10021.88 11091.37
ki
JUAI AT Bz 3 9887.236 11154.53 8118.837 9862.718
RE IR
B 11627.76 13927.46 10042.47 11222.71
BRIz )
4.8 NFEIBREEAR IR ZE DT
PR FEFR PR AL MAE RMSE
IR 752.7155 923.2921
JUT A BRIz 5 R 1198.7210 1597.3030
=) 1026.2987 14998.0276
FH—IX 1186.043 1287.338
. X 1952.4550 2367.380
BRIz ) L
=K 1012.9378 1297.3767
FH—IK 624.0502 726.8400
RA IR
) IR 556.0205 709.1090
ki
E=IK 724.0670 851.7735

MK 4.4 F1 4.8 ATLAEH, ZIREIUER R TR A 0 Bk R AL ) MAE A1
RMSE /]y, HUILHAT DS, AXT T HAR PR, TR A ko Bkt R Y )
A BOR B Hdir B . BRI, XA R R %R, ANE AR

T MEIE R IMAROR, HR IR A B R R R I e bif
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5 R ER B RE T /LI I X AR E i

SR T A AN E A BRI, BRI (AL ERFR I A A 2
JLTRERLE, A RERIBIVE. KL, AT 5 BAERRIRIAR . BORRal R B
W2 M USSR R 9B, 2556 3 AR RIMIBUEN ~ 3, M LTIE
B IIBOE 22 3

5.1 JLM I A ERAADRME N R 8

T B B A R4 L0 S T SRR 8 2% BRI 01 s -t
(€), M il .

SEHE 5.1.1 HIEBHIFr, BRI EES, BRIBNS,, BMErAsREL N
[ AT Ky B H O T 8 LA B BB C (So, T) A

C(So,T) = f(So, T, t, H, K, 7,5,2) = Syedd(d;) — Ke ™To(d;).  (5.1)

d

T2 _,2H-1
. tLprMaGap 27270 pagaroH
d, = 2 4 2(2H+1) (5.2)
2 A+a?_, 2H+3-22H . o ’ '
2T+ L2G2T
2 (2H+1)(H+1)

~ _ = 1+a? ., 2H+3-22H . o oh
d, =d, +\/ S0 T+—(2H+1)(H+1)ﬁ g°T4", (5.3)

-~ _ 2H-1
A=—17’T+(H 1)2 +1

2 ~2m2H
2 2(2H+1)(H+1) ﬁ GT™. (5’4)

SEHE 5.1.2 BEF, 6, So f AFR = MEME, HAF = (r,1m,1), 6=
(0'1, 0'2,0'3); 50 = (51,52, 53)’ Z = (Al, Az, 13)’ I)_I\IJR{qﬂzﬁﬁﬁ%@%*l*%ﬁﬂﬁl\%c‘ﬁ
%(C)Cﬁﬁlzl‘ﬂﬁﬂ”ﬁ,ﬁﬁj\%ﬂﬁ

Ct = (o). e® @ (df () — KeT#To (df(0)). (5.5)
Cl = (go)gezyq) (dl_ (c)) — Ke T (dz‘(c)). (5.6)
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Hrp
5 0L ilia? 2H-
- ln<(510()6>+3fgu1~ AC: (O’L)Z 22(§H+1) B (0. )ZTZH
dz (C) - . D (57)
] LT Gl GLPTH
+ 2h+a? i\, 2H+3-22H GLY2T2H |
T = 8@+ LG + 22 pr gy (5.8)
N o2 _,2H
- 11’1<(S;)<)C )+%T~CUT Z’C + /~U)2 2(2H+1) ﬁ (O-C )ZTZH
dZ (C) = 5 (59)
JA - (~U)2T+(§g‘ﬁ)(121+‘1)ﬁ2GU)ZTZH
A+at yy, _2H+3-22H Uy2T2H
B0 = G0 + P2 @0yr + 22 pralyeran | (s.10)
L _lapm  H-D22741 oy o mop
A¢ = 27‘CT+ 2 GHTDETD B=(67)°T", (5.11)
fU — Loy D204 o piomon
A; = STe T+ DD pe(67)°T". (5.12)

WEBH BEG, 6, 1, SoWic-B&E N Blhe =7k, Y], &, =[6t, 6Y], 1. =

(e 21 So)e=[(S0)és (So)é1e WICERMC 3 mIFR IR

C~Cl‘l = mll’l ~ - ~ C(SOFT)9
tlar<i¥ Gl<o<al,(So)ksSo<(So)¥ 1k<a<Y
CU = max C(Sy, T).
¢ #lsr<i¥ 5l<o<5Y,(So)k<So=(80)Y ALsa<A¥ Go D)

HH(3.4) =] %1,

:;)S = e?®(dy) + [Spe D' (d;) — Ke T O’ (dz)] adz
7N qj

®(dy) >0, ®(d,) >0,
, 1 _@)? P SR . & 9dy _ 1
®'(d) =7=e 2 >0, P'(dy) =7=e 2 >0, 950 Tl O
Y — » _M
FAd, > dyr ©(dy) > D(dy), HitrC(So, T)EFFE XA C(So, T) > 0, fEe™ 2 >
(d2)®

e” 2z MIENT, F
See ' (dy) — Ke~"Td'(dy) > 0,

JUES)
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6C

o= eAD(dy) + [Soeh ' (dy) — Ke T (d)] 32 o 2> 0,

B 4 5 )L 5000 ) KT 0,

Hoepp = UV pagon

(2H+1)(H+1)

R, SO S Gy R, A7

@(d1)-P(d2)

6C
ar

ﬁ@,f§>—@%%ﬁT,ﬁ

= [Ke T d(d;) — 3 Soe  D(d)]T + [Soe’d' (dy) — Ke T d' (d;)] 52 adz > 0,

2 = [Soe®'(dy) — Ke T @' (d)] 22 + Spe @' (dy) 32 > 0,

Hrf, dys dyIRAAPIMIEIL, Hd, . dFSE, Misfid, <d; <0, Hd,,

d, 750, MWEO < dy < |dy|. B, C(So, T2 7. Sy o MM FLIE 16 1 pR 4,
&

Ch= F(So) Tt H K, 75, 6%, 71),
CY = F(50)l.T 6 H,K, 72,60, 70).
Bl

Ck = (o). e® (dt () — KeT*T o (dF(0)).

Cl = (SO)SeAgQJ (dl‘(c)) — Ke ™To (dz" (c)).

AR, U G R BOROR € 0 A a0 48
W 5001 U RSB 04 P 1% -8R (P) o 11X 1) 3 43 )
Bl = Ke o (=d} () - (5) e (=di (o). (5.13)
BY = KeTTa(~d; (0)) — (50), e @ (~di (o). (5.14)
Her, di (o). di (o). d;(c)- di(c)~ ALRIAY 735 3 (5.7)~ (5.8) (5.9). (5.10)-
(5.11)FI(5.12) & X«
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5.2 BUEIRL

AT, g3 T ASOTR ) LA S BCSOR E E T I BB 45 . 5 b
(T 5E 77 I S R LA R R A . AR 25 3606, B0 4 N H . RIEY
RN AE 33 Eukidn, BN RAE 20% 547, EARFIHRLE 1.85% 47, i
AL FESREALE S KA. BB t=0, H=0.8, T=1/3, BRIFIZRF. BBIBsh=s.
ORI 1 So S AR YA A B8 5 A O — F SR 44 - 7= (0.018, 0.0185, 0.019), =(0.19,
0.2, 0.21), S,=(32.8, 33, 33.3), A1=(4, 5, 6). A LM RERIIEE M AR,
CIRYS S N

I d

5.2.1 2B EE c MEHMX BN

HEAFRMERE T, JUTIEAEBMIBBR 4%, ik 5.1 frl.

R 5.1 ANFIEAR N LS 3R B A%

c C. c C.
1.00 [15.5997, 15.5997] 0.95 [15.5892, 15.6141]
0.99 [15.5976, 15.6026] 0.94 [15.5872, 15.6169]
0.98 [15.5955, 15.6054] 0.93 [15.5851, 15.6198]
0.97 [15.5934, 15.6083] 0.92 [15.5830, 15.6227]
0.96 [15.5913, 15.6112] 0.91 [15.5809, 15.6256]

XFTe= 095, FRGEBIPBN ML T X H[15.5892, 15.6141], BEIEEN
0.95. \A—MAEE, WRIBEX BIEE 0.95 EBNHE, HEEFH AT WHX
[F][15.5892, 15.614 1] SREUFAMEAE 93 LUE 0 H HHELN 1% .

B A% (C) P PT REIE AN T e R 27 Z 40 F -

M(C,) = folc[ch + CYdc = 15.6135
LSVar(C,) = 2 folc([M(Et) — CL*) de = 0.009
X R SRS P 357K F 4 15,6135 Eo6, KUK 0.009 FE T,
MK 5.1 FTLAE Y, Bl BEAS B cHE T O, ORI % X R] AR K 2 12 sk
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Ny BT R OR R AT, ANRTRETEIIME N AR, BRI R (A
SETERE R T AR AE

5.2.2 & Hurst 35 HXHEMIX 8] 9220

M = 0.950), Hurst FEECTE KA BSOS M A& Bz an i 5.1, 5.2 B

N, 2R 5.2

B RS RN A8 X 18] 22 I s3/C L

BRI N AE X B i s/CL

19

18

17

16

15

19

18

17

16

15

19

17 18

K ABAAB I (048 X 18] 45 I s/C U
16

15

0.75 0.80 0.85 0.90 095 075 0.80 0.85 0.90 095
HurstiE$/H Hursti&$UH
51¢=0.95 B}, T\ HXPEMINEXIEZEifR =B 5.2¢=0.95 B, T. HXEMNEXIE A= RN

20

17 18 19

B IRRBUR RN AE X8 B I s/CU
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H AR TR A R SO IR N B LA S SR BB A% 8 200 B %, AR AEHE

A oG T HRGRRIRTE, TR VAR T8, IR T H i i
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THOLT, FIIY c=0.5 I, AN 1) Ae A X 1] Sy s 2 AH ZE UK IR (W& 5.3 5.4
FR), 5520 FRNESIRAHTT. BeAh, WANER T LA, fsk i LFF
1T, XRUIEARFEMPATEE TR, SIBNRE & T H R B B AR .

FS2HHBIRET THL /12, 1/30 1. 2 A5 ZEHAEN T BT
H IR SRR IRl B, il TAAZRS, SRS O T H i
P H AR, AR OCT T sy

® 52 T HX) U BRI 1520

Ce
H
T=1/12 T=1/3 T=1
0.75 [15.6222, 15.6431] [15.7978, 15.8225] [16.2408, 16.2751]
0.80 [15.4088, 15.4297] [15.5892, 15.6141] [16.0409, 16.0755]
0.85 [15.2071, 15.2280] [15.3924, 15.4173] [15.8526, 15.8876]
0.90 [15.0371, 15.0162] [15.2062, 15.2312] [15.6752, 15.7104]
0.95 [14.8352, 14.8561] [15.0299, 15.0550] [15.5076, 15.5431]
i3 5.2 T H X URIEE B R 1520
Ce
H
T=2 T=5

0.75 [16.8617, 16.9092] [18.5642, 18.6466]

0.80 [16.6670, 16.7151] [18.3654, 18.4501]

0.85 [16.4831, 16.5318] [18.1643, 18.2515]

0.90 [16.3091, 16.3583] [17.9563, 18.0465]

0.95 [16.1443, 16.1942] [17.7352, 17.8288]

5.2.3 54841 BS {RBHITHEE

B AR H ) FAOP SE M A 54548 BS HiAH XL, SHARBEEE ¢
T, PRI A kAU E Y X R, anR 5.3 F A,

[ 5.2.1 %1, WILATGE] BS A NERIN AL (C) F P BEXIME AN W] B N 2 £
W
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1
M(C,) = f c[CEk+ CV]dc = 15.4585
0
1
LSVar(C,) = zf c([M(C,) - C+]*) dc = 0.006
0

X B R G WA AR R T2 7K 15.4585 3206, AN 0.006 Z£ TG

% 5.3 AFERRN E)) LTI R BB 14

c C.(FAOP) C.(BS)

1.00 [15.5997, 15.5997] [15.4454, 15.4454]
0.99 [15.5976, 15.6026] [15.4438, 15.4478]
0.98 [15.5955, 15.6054] [15.4422, 15.4502]
0.97 [15.5934, 15.6083] [15.4406, 15.4526]
0.96 [15.5913, 15.6112] [15.4390, 15.4550]
0.95 [15.5892, 15.6141] [15.4574, 15.4374]
0.94 [15.5872, 15.6169] [15.4358, 15.4598]
0.93 [15.5851, 15.6198] [15.4341, 15.4622]
0.92 [15.5830, 15.6227] [15.4325, 15.4646]
0.91 [15.5809, 15.6256] [15.4309, 15.4670]

ML & BRI 4% 1) P BEXIMEE , FAOP LAY AT REIY(H 2 15.6135,
A B BS AU AT REIME A 15.4585, RAR, Bk FAOP MR g
{EBE K T A Bk BS AL . AR & F BT 4% 1 T B 2 75 25, FAOP
AR AT B8 T 27 25 g KT BS B, X2 K FAOP fi 5 fe 3 1 4Tl
A A B R B 36 BT SR IR RS, AT A5 ] e BRI AT R 2 7 2208 K — 5

M 5.3 o, FAOP f BL15 2 KRR hg HE P AE 15.5997-15.6256 2 [A], K]
BRI E . WASCHR I e MR H R, I SR B 0 AR 0.99 18 31k
B, MIATLE X [E][15.5976, 15.6026] FHUT—(E/ENRFEMHE, R T H N AL
T 15.5976, Mt B AR B BEARAL , T AT LASE N IR . dn SR i 3440 4% = T 15.6026,
WA B A s s, T DASZH ARG Rk, @i etk N &R, fEERPIRE T
5T I R 88 T 4 1 5 B 5 55 3 AT IS P B L PRI B XU, DA R i v TR SRR
A, GEE 5 EREHLE ARSI, T AT M 7 xR T A N s, T T AT
Hb ST SEBR T DL, S T e BT
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6 ZitERE

6.1 48

SR TN E A BB BN, B RBMIIE . BENLYE T L i AL 5y
AR Ag e, TAASOR P DU AT DL IE I B S BRI R AR B . DRI, AR SCR AR &R 5
Bk AR X BEA L R R 2 A (14 5 7 R BB AL » SR FH = A B R 2 5 A 2~ 3K
FEEBRINE, LU ARG, 25 S BEHL P AT SR I8,
BT 1 BRI BEIL AN A E PERR S R 1 LA E SOBOE B 1. 32 245 R0 F

(1) % BB G B Mk IS IC I BRI R, TR G IR B Bis
2, ditiataid e, #ES T UTERBOE tr A RRE . 8 R BUZ 2,
30 7 UG B SRR A AR BRI 4% 2202 Hurst 3650 H (998 EL LT
2RI AN S AN BRI s 251 I 5 EE AP 18 R K

(2) T TIREGIR T BB R N AR B sh R S B il RIE . il
Monte Carlo AU SE AT, SAE 1R Gk 70 Bopbid R AL i 5 PR

(3) SIANERIEE R, T 7 USSR E fr A R il
BUERAL,, 70 Hr 7S HCEAE FEAN Hurst $REO B X [ (05200, RN H 7 AR
B BE T U s M R X 1) BOEARAUR ] BAR  c I K& S B
BRI X TB] R BE kS, AR A Tt o )T, ASTRI AR AT SR () AN PR A v
T JUTE RO s Hurst $5580 H 85K & 3 EEH RS PR, 2 H 35K
I, PRAFErl 7 RS RO, bRt 517 B4R SOOI, AR sl
/0Ny W BERARAR B B 7 i R A I3, S UL A% B s AR L AT S S BUE A
B BAT — 5 - SRR FIHERA I, (0 FH BU ORISR, ] DA Bt e 5 — A
A2 BAR R R U R, BLBE a8 .

6.2R=A

ARSCAETR T WA IR E A ) e b, R TR A ko Befi BAis 3l iiaid i
SRS LS Ak, X U ML SUIPBGEEAT OB E O, B AR AR, 3R TR
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RINIRG I, AR NG & R A ) SEBa s Ol E 58, VMU, ASCHRE
[ A2 5 B PR Y A SRR 2 IR BRI AR, 32— 20 ] A EE BN R AR I R Arinta it
FEs AN, ASSCHIT SO GO T UL AR, 225 th ] DORE A SR A
LTTE N BIHAR P33 7 IR an AR AR B = A4S
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Bt =

— REBIZHT
# AN Hurst $880T, Bt SO ALATEUE SR HIAUN A C IIOE R
T<-1/3
t<-0
H<-0.75
sigma <- (0.2
alpha <- 1
beta <- 1
lambda <- 5
SO <- seq(32.8,33.3,0.05)
r<-0.0185
K <-25
wl <- (H-1)*2~2*H-1)+1)/2*(2*H+1)*(H+1))
w2 <- (2*H+3-2"(2*H))/(2*(2*H+1)*(H+1))
w3 <- (2-2"(2*H-1))/(2*(2*H+1))
A <- -0.5*r*T+w1*beta"2*sigma™2*T"(2*H)
d2<-(log(S0/K)+0.5*r*T-0.25*(lambda+alpha”2)*sigma’2*T-
w3*beta”2*sigma”2*T*(2*H)
)/(sqrt(0.5*(lambda+alpha”2)*sigma”2*T+w2*beta"2 *sigma”2*T"(2*H)))
d1 <- d2+sqrt(0.5*(lambda+alpha”2)*sigma”2*T+w2*beta”2*sigma”2*T"(2*H))
C <- SO*exp(A)*pnorm(d1)-K*exp(-r*T)*pnorm(d2)
plot(S0,C,xlab = " 4i/S0" ylab = " L33 BRIFIALH 4% " peh=1)
lines(S0,C,Iwd=1,col='black")
H#HHH <- 0.85
H<-0.85
wl <- (H-1)*2~2*H-1)+1)/2*(2*H+1)*(H+1))
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w2 <- (2*¥*H+3-2"(2*H))/(2*(2*H+1)*(H+1))

w3 <- (2-2"(2*H-1))/(2*(2*H+1))

A <- -0.5*r*T+w1*beta"2*sigma”2*T(2*H)

d2<-(log(S0/K)+0.5*r*T-0.25*(lambda+alpha”2)*sigma”2*T-
w3*beta"2*sigma™2*T(2*H)
)/(sqrt(0.5*(lambda+alpha”2)*sigma”2*T+w2*beta2 *sigma”2*T"(2*H)))

d1 <- d2+sqrt(0.5*(lambda+alpha”2)*sigma’”2*T+w2*beta"2*sigma’2*T(2*H))

C <- SO*exp(A)*pnorm(d1)-K*exp(-r*T)*pnorm(d2)

points(S0,C,pch=2)

lines(S0,C,Iwd=1,col="red")
#H###H <- 0.95

H <-0.95

wl <- (H-1)*2~2*H-1)+1)/(2*(2*H+1)*(H+1))

w2 <- (2*¥*H+3-2"(2*H))/(2*(2*H+1)*(H+1))

w3 <- (2-2N2*H-1))/(2*(2*H+1))

A <- -0.5*r*T+w1*beta"2*sigma™2*T"(2*H)

d2<-(log(S0/K)+0.5*r*T-0.25*(lambda-+alpha”2)*sigma”2*T-
w3*beta"2*sigma”2*T(2*H)
)/(sqrt(0.5*(lambda+alpha”2)*sigma”2*T+w2*beta”"2*sigma”2*T*(2*H)))

d1 <- d2+sqrt(0.5*(lambda+alpha”2)*sigma’”2*T+w2*beta"2*sigma’2*T*(2*H))

C <- SO*exp(A)*pnorm(d1)-K*exp(-r*T)*pnorm(d2)

points(S0,C,pch =8)

lines(S0,C,Ilwd=1,col='green")
#H#H##H <- 0.99

H <-0.99

wl <- (H-1)*2~2*H-1)+1)/2*(2*H+1)*(H+1))

w2 <- (2*¥*H+3-2"(2*H))/(2*(2*H+1)*(H+1))

W3 <- (2-2°(2*H-1))/(2*(2*H+1))
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A <--0.5*r*T+w1*beta"2*sigma”2*T"(2*H)
d2<-(log(S0/K)+0.5*r*T-0.25*(lambda+alpha”2)*sigma’2*T-
w3*beta”2*sigma”2*T(2*H)

)/(sqrt(0.5*(lambda+alpha”2)*sigma”2*T+w2*beta2 *sigma”2*T"(2*H)))

d1 <- d2+sqrt(0.5*(lambda+alpha”2)*sigma”2*T+w2*beta”2*sigma”2*T"(2*H))

C <- SO*exp(A)*pnorm(d1)-K*exp(-r*T)*pnorm(d2)

points(S0,C,pch =19)

lines(S0,C,Ilwd=1,col="blue")
legend("topleft",legend=c("H=0.75","H=0.85","H=0.95","H=0.99"),pch=c(1,2,8,19),c
ex=0.8,col=c(1:4))

T BRI

alpha=1

beta=1

lamda=5

r=0.0255

H=0.85

S0=3024.39

t=seq(from=1,t0=243,by=1)

sigma=numeric(243)

epsilon=numeric(243)

for(iin 1:243)

{
sigmali]=sqrt(0.00007/(alpha”2+lamda+2*H*beta"2*(2-2"(2*H-1))*t[i](2*H-1)))
epsilon[i]=rnorm(1)

b
S=numeric(243)
S[1]=(r+1)*S0+epsilon[1]*sigma[ 1]*S0*sqrt(alpha’”2+lamda)

for(i in 2:243)
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S[i]=(r+1)*S0+epsilon[i]*sigma[i]*S0*sqrt(alpha”2+lamda+2*H*beta"2*(2-
2MN2*H-1))*t[i-1]N2*H-1))
S0=S[1]
}
lines(date,S,lwd=1,col="black’,Ity=2)
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W RAESE AR TAE

NSRS RBHIRI

[1EMH T f 2T G Ko Bk 158 59 W2 RS & 4 (7], 22 M SO 2 B
R ARBLAR),2024,38(01):9-16

1P B A, £ . “RUEIR 7 T 78 3B M X 28 5 4 K 3 ) e £E [J]. o [ 4b
,2023,(16):93-95.

[BIERTF S IUE 2 K A Gt @A L3R 78 A A B R 2 — 45 %

[413-A5 56 ) U 2 B R 22 A Givt AR AT 7T AR A R =55 22

[STERA L AR B 72 A6 A AR A8 5 A0 T R 3R = 65

251mE

[E KBRS X RHAIEETE (HS%S: 72361016): (T HRAEL
F B = SIASL A A T B 7 F )

RUEFHI A “GIEZE” TH (WHSS: 2022CXZX-700) (BT & T
I S5 HUA S B B R HIRUE ) o
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