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Abstract

In this paper, the pricing of Asian barrier options for discrete time scenarios based on the discrete
geometric average of asset price is discussed under the model of Heston stochastic volatility which
is discussed in the underlying asset price. Some stochastic analysis approaches such as the
semi-martingale It6 formula, multidimensional federated characteristic functions, Girsanov theo-
rem and Fourier inverse transform technique are to derive the pricing formula for the Asian dis-
crete barrier call option. And finally, numerical examples are given by us, and the impacts of some
parameters in stochastic volatility process on the values of the barrier option values are examined
by this numerical example.
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1. 51§

RO MBS B BRI AZ O TR, W4 JARCE Y, B 22—/ EH HE n) @, 1973 4F Black &5 Scholes
TERE SN M IR LRI AT BHIZ Bl FIZR R SR s 2R B 0 W BB T, 4 T B FR ik A E IS4,
B2 4 (1) Black-Scholes 2 3X[1] (id A B-S #AY) . 5 R AR I SHBC T S 805 vF 5 H (¥ 3 28 R B0 Hi U
A REMFMEIER, XKW B-S AR BN 5 LR ) RIMAFIE—EME. N T IR L
22, VF25E R B-S BALEEAT 7o, 1 Merton [2]F1 Kou [3]452% % 6 KR K7 77 I Zh A A5 78 b 5 Nk
BRI, ST R Bkd Bk A (Jump-Diffusion, f#jic JD #57Y), JF45H 7281 B-S R IIREM AR 5
4k, Heston [4]. Hull F1 White [5]EA & Stein F1 Stein [6]45 2543 ¥ & % P2 Ik 5 2 BENLIA LI, DL =K
BRI AR AL I FE R 1 i B SR AR ME AR SE I G, 437 1 B AL B % 455 (Stochastic Volatility, f&id
SV #i7). K5, Chen Fl Scott [7]. Bates [8]. XIS [E| NI ] HE[9] 55 7 R AT BRER K] 2 A0 B % BEMLAL
Sl iU R R T e b 21 ) 4 Rk T 37 18 B0 (1) SR B ME AN TS I A

B fs A (Barrier option) & — i %474 #5178 4K (Path-dependent options), ‘& 5 £ 28 AR H T bk
OB BN H R, BRI T AR B PR BN AR, bR IR B A i B R E R A I, RS AR
RUELR AL iSRS 29 FT DARSAR R 238 B e i AU, LA A% LU AR HE WG ITRUN A B, TR 52 2117 3%
PR, B M T B, BRAS HIACRT DL K3 i A (knock-out option) AT A AL
(knock-in options). i H FABGE F8 bR 10 55 7= A0 k% fl Sz 00 8 I BERSAE RS, & 20R8G N IHBUR 1R M bri
BEFE A i S e B AS A I, A 4R ARYE L IRUE OH AR 2 P2 i e 75 K T BetS (e, XATeA
H e H AU R B AL (down-and-out options) Al _E ik H HHBL (up-and-out options); [AIFE T LUK Rl
NIARLS: 4R BN HAL (down-and-in options) A1 E i A A (up-and-in options). FATTA1E, 7 SKPRIN 4
AT, SRATA RN SR S EUETE . BTl TERIBCEN MR b, FATT5 RE B 5 1 4 T2
BIFIFR ) T P2 UM 22 S MG AT SEBR I R Ty o W, AR SCIE R 0 B B TA) 175 T 1) B i A AS s Ay 1) /.
FE 2 B RS AR E A 19 A SCRR T AN 22, 1997 4 Broadie M1 Kou [10]7EAR H 8 P20k il 2 B-S B R 45
7 R RS AR A% LR R 2 2007 4F Fusai AT Recchioni [11]7F Kou #F 78 () Jefith B 3E— B0 7
7B B ] B FEAS IR S A U7 2011 4E Wystue £l Griebsch [12]7EbR S 77 B Heston FEAL I 5h 3%
R R o Hh B H ) RR B R A% 1R e A A 20 2018 R BRI [ AI[13]4E Wystue BFF 78 (1) L Atk I
BE—BWEAL 13T Bates AR BR B B AT IR e R R 323 Bk SCRRIR A K, A SCHEERT A BIE 72 1)
Beqili b, 454 Heston BEALY ) Z AR RIEL T 58 P2 A0 AR RS IO AT P2, 04T I B e S AU 0 B 5
it
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2. TR EM&HIR

e TR B ST . (BB HOU B DRV T b (AT A 72, ﬁ%aﬁﬁm
[0T]. Hrh—Fhir B 2B iK), HUGS R RRFIR r >0 (AL A5,
PR KR S (W), BE s & MR 2 (Q 7, (), P) B RIEH AP o -RAR 7
P, i1 B T A, KA Duffie (141 RS i 5 OO R 1 BB AR, K SRR FE P ORI \JE,
ELAHEHE EP [ R TR PR, 7EBCREIE T, B e S, W2 T 81 o 77 7

dSt:Strdt+St\/\7t(det+ 1—p2dBt), o
v, =x(6-V, )dt+o NV dw,.
ﬁ;qﬂakﬁpi@yj%iﬁ, 2x0 > 0% o« PASTUFR A Heston BEALIY 5 AR
H14p=lo=k=60=0, Wuvﬁ%ﬁz B (2.1) 78 R4 B 1) B-S [L#EE5Y
4 X, =S, oA, HEELEHN
1
dXt:[r—EVt)dtnL\/\Z(det—i- 1—p2dBt),X0:XO, 02

dV, = x(0-V,)dt+ oWV, dW,,V, = ;.
BIH 21 [12]: ®WO=ty<t <t,<--<t, =T H[OT]HMH m ML, meN", Hm=1. id
X = (X Xy oo X, ) mAERTRE, U= (U, Uy, ) 2 m AESERCETRE, (X, X, o, X ) BTt I
E’JH?%A%{EZ%UJ

(p(ul,uz,---,um):exp{iiukh(tk)—iq(uk) j(tk)+zr::Bk + Anvo}, (2.3)

k=1

ﬁ\:q:] i yy@i&%’fi! Bk = B[tm—kﬂ_tm—k'q( n— k+1)+Ak—1 ( Zm: ujjj ’

A( = Aitmkﬂ _tm—k’q(un*k+1)+ A<*l’ p[ '_i_ uj j] A) =0,

j=m-k+1
h(t)=x,+rt, j(t)=v, + &6t , p(u)=[%—xﬁ—%iu(1—p2)jiu ; q(u):iuﬁo
o O
da(1+e““)—(1—e“”)(2b+xa)

A(z,a,b)= - , (2.4)

B(T,a,b):—z[(l(—d)r+2|nd . — — J, (2.5)

Hrhd =v&x?+20%b .
W 2.1 [4]: AL Heston B2, THAT O K, BT ECA T BOFRHERRE TR IAUE 0 1 %)
R
C, (t. %, Vo, K, T)

s {”—fwf’{e_mmrfl(u)}d } - {_ _M{e_go(u)}d} (26)
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3. FEHLR

ARATLEREAN L Heston AR , N H Z4ERFAERR %L, Girsanov I A8 31 Fourier 284 7774,
HE S LT P2 1 B e L AT ST 25 30 =X B SR s BA AL S A K

ERRABUE H

FIEEHUE Y TR R Mt B BIARL, BES, > L> K, Hi L ZREHENEE, K APITIE,
HE B AR BT AU . WEA m ANEHEIS A S 0=t <t, <t, <---<t, =T FIRKT B Ak
BE RS HIALAE O B 24N A

VI:()O(): E” I: 7rT (ST - K) 1(Stl>L,~,ST>LJ’

BRSO B O LA A, WA m ANEHIN AR 0=t <t <t, <--<t, =T FIEAF
et R R B B 0 JUUALAE O I Z R A%

vo = EP |:e—rT (3, -K)’ 1(J,1>L,---,JT>L)i|' (3.2)

3.1

(rm[ s, j S B U LT,
i=0

FEH 3.1 7F Heston B, B m MEBUN R A 0=t, <t <t, <---<t, =T MZET 0 S U LA
S35 37, 2B BB AT I ALLE O B 24N A% Ay«

v = s, {Zim[l—mtpl (InL)+ m(n;_l)tﬁ (INLInL)—t (InL,InLIn L)+

+(=1)" 2 (In L+, In L)]}— Ke ™" {%ﬂ(l—mtp (InL)+ m(”;‘l)tp (InLhL)  (33)
—t*(InL,InL,InL)+--+(=1)"t"(InL,-,In L)j},

Horp
. i(Ug++Upy ) InL
th(InL, - InL) Rm A, X un;)e ot
[Tiu,
k=1
t*(InL,-,InL m)e*‘<“1*“'+Um)'nL o
(n n ) Rm U1 u Uy,
H'uk
Au1 ...Aum gp(ull...7umm)e*i(u1+<-»+um)|nL :ZAUZ.“Aumm w(ul,.”7umm)e7i(u1+m+um)lnL
[T, [ Tiu,
k=1 11
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(iﬂﬂfz%.mfm]xo u
%(Ul,"',um)=e 2 3 m+1 ¢(

rafi it ity om
rT+[2+3+ +m+1 jxo (U
€ @

¢1(ul"”7um):

UEB: m =10, R RS E i R S

Ve =€l T (3 -K)
_EP )T _EP a7
=E {e JT1(311>L)} E {e Kl(%p'—)}
=l -1,

l,=Ke"P(J, >L)=Ke"P(InJ, >InL),

T At BR 505 R AIE BR B E — 14 % Fourier oAz #, BRI 250
Lf(u):|du’

1 1
F(x):P(sz):E+;f0 R =

Horr f (u) ZREHIASE X RFIERR £, T
I, =Ke™ {Li *”m{—eium% (ul)}dul},

0
2 n iu,

H

goo(ul)zEp[exp{iulanh}u-'} EP {exp{ L(InS, +Ins, )}|}'}

Iy iu by (U
=e? OEP{exp{Tlxtl}U-:}:ez °(p(?lj.

8, S Girsanov PN EEAZ#E, & C—MHTRIMEZRIIEL P an R

(3.4)

(3.5)

(3.6)

3.7)

(3.8)

P -rT
dR) ]:lzﬁ_
dP S,
" -1 . . B
4R, EiR Radon-Nikodym S3778 H. E{e T } =1, H Girsanov s& B Al A1, BRI E B SN T P,
0
i
—|uInL
+00 go(ul)
I,=S,P(J, >L InJ >InL =S R du, r, 3.9
N e M
Hrp
o (W)= Epl[exp{lulan E"{es T 'ulm‘ilf}
(3.10)
iy -1 H
=e " 0E" | exp{(iu, +1)InJ, —e T o, Wt
[expf(ie +)in3, 1 ]=¢ 7 o[ 4
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ﬂ%y m= 1HT7 él:l“ﬁﬁkj
m=2H, B2 MEEIALE 0=t <t <t, =T , HRHE XU & i R FEAS

(2) _ P -rr _ +
Vooc =E {e (‘JT K) l(J11>L,JT>L)}
_ P )a-rT _EgPJa T
=E {e JTl(Jtl>L‘JT>L)} E {e Kl(Jtl>L‘JT>L)}
=l -1,

THEL AL, fH51# 2.1 & Shephard [15]5¢# 5, 15
l,=Ke""P(InJ, >InL,InJ, >InL)

. —iInL , 0 . —iupInL 0,
_Ke T {EJFLJ' ml:e '("o(ul ):Idu1+2_1n ’ ml:e .(Po( uz)}du2

4 2m-0 iu, iu,

e—i(u1+u2)InL u,u e—i(ul—uz)InL u,—u
_izj‘jz R (Po( i 2)_ %( 1 2) du,du, b,
2n° 7 IR u,u, u,u,

Hrp
o () = E7 [ exp{iuy In 3, +iu, In 3, | 7 |
:Ep{exp{%(lnso+InSll)+|u?2(lnSO+InStl+InSlz)}|]{}
[% ?zjx‘] P iu, iu,
—e E7| expi 2 X, 3 (X, + X, ) A
iy | vy
_d7 3 (o[22,
?12)%373
I, =SR,(InJ, >InL,InJ; >InL)
—iuyInL —iupInL
_s, 1.1 IMER e .(pl(ul,O) dul+i gl € .(pl(O,uZ) du,
4 20 iu, 20 iu,
—i(+up)InL —i(y—up)InL _
_iz,”Rz R e 401(U1’uz)_e AU du,du, b,
2m g u,u, u,u,
Hrp

¢ (uy,u,)=E" [exp{iul InJ, +iu, In JT}|}“‘J

0

ol €T . :
E 5 exp{lulant1+|u2InJT}|.E

=E" [exp{—rT +iu In 3, +(iu, +1)In JT} | &

e (355 o (W) (Up=i up=i
o5 el 5|

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

AW, m=21, FIRWGL. MR TIEM RS m =3 8510 oL, #E—F Bses 3L 15

(B3R, JEHE.
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il 3.1 [12]: 7F Heston #AY R, BAA m ANEBIS S 0=t <t <t, <---<t, =T KR TR E
BRIABL(9))7E O B ZI I 4% A -

v = s, {Zim[l-mtﬁ (InL)+ m(";_l)tﬁ (INLInL)—t (InL,InL,In L)+

+(=1)™ A (InL, -, In L))}— Ke-”{zim(l—mtP (InL)

m(m-1)

(3.16)

t”(InL,InL)-t" (InL,InL,InL)+--

+(=1)"t"(InL,--,In L))},

/\q:]
-, m .. Iu1+ +um InL
ta(|n|_,...,|n|_):( 2)m [l Ay [ on, @ (U, .
2n) Re m
( Huuk
(|n L In L) (—2)m J'J‘ A A ¢’(U1 um)e i(ug++up ) InL
(2n)m RP U Un ﬁ|
k=1
—i(u et ) In L (g )L
Ay |- A, o(u, ,umm)e _oa, a, o(u,, ,umm)e
[Tiu, [ Tiu,
k=1 i)
e—rT
A f(a)]=f(a)+f(-a), @ (u,u,)= S (U, Uy —i)
0

4. BUEHSRSE DR

AR LU e 2w AT A Bk A 961, 12 Matlab2016b F1 Mathematical11.0 # {4t v 5,
I3 HT BT Heston AR 7R T SI1 30 S oS ST ASURI I X 28 BB i ST ALAA A (2R AR 15 0L, JF 20 #r 1 Heston £52 7
) 2 S O T X B R A AN A RO S . RS B T SRR N R

12

K=35L=40,t, =0T = 1t—{
mm

-,1},6’ =0.1444,r =0.03,xk =6,v, =0.15,0 =0.5, p = -0.7

B4, fE Heston BEALBENFAIAT, LB 3R AR RS S5 R 15 R 5 SR A 9% B e 22 A A 12
HOR BT AL L. R 1, FATATCLE 2, PRI A i B BE S Bt O3S I e, BEE m
(B G R o T L, 0 2 RS S AL A B I Qs BB A SR A (AR A1, RIS T 5 7 1 ) R
JUART 1 215 T 19 00 2K 2 AR 0 S0 AL B — i ) B B S UL A AR, T PR Dy S IR AE 3138 H I e e
WA T HR BT 75— I TR BN P2 s, TR e B AR HEAL B BRI B A AR (R 5L, HAZAUA 5
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Table 1. Comparison of the prices of Asian discrete obstacle options and European discrete obstacle options under the Hes-

ton model

= 1. Heston 2B T I X B HIER AN 5 B = HIPE iF AN % L3R

S, 7 5 H A AL Wk g B AL
m=1 m=2 m=3 m=1 m=2 m=3

55 20.0781 19.2959 18.5355 21.8135 21.3125 21.0284
60 25.0259 24.4659 23.9716 26.5549 26.2211 26.0344
65 29.9648 29.4727 29.1185 31.3868 31.1660 31.0405
70 34.8953 34.4086 34.1209 36.2762 36.1302 36.0434
75 39.8207 39.3155 39.0545 41.2025 41.1054 41.0439
80 44,7432 44.2107 43.9558 46.1528 46.0878 46.0432
85 49.6643 49.1011 48.8418 51.1187 51.0749 51.0419
90 54.5846 53.9894 53.7206 56.0952 56.0653 56.0406

5 25 SRR ) B S HOS BN A F 52, & 12 LU S, = 80 LA % ZHUUE AN R T 72 390
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Figure 1. Influence of parameters on option price
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