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Path-dependent option pricing based on stochastic volatility model
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Abstract: In this paper, two typical path-dependent options are examined in the stochastic volatility framework.
The underlying asset price volatility of these options is assumed to follow a fast mean-reverting stochastic
process which is supported by empirical studies. The pricing of geometric average Asian call options and
floating strike lookback put options is studied. By singular perturbation analysis, the corresponding partial
differential equations of these two options under stochastic volatility model are obtained. The approximate
prices of these two options under stochastic volatility can be expressed as two approximation terms. Analytic
approximation formulas for these two path-dependent options are derived.
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Vo(t,s,I) =e " Deexp (b—i— a ) b <ln(c/K) tbta > e TV (hl(C/K)‘H7> 7

2 a a
O —1)3 — 52 T—t
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sy J7FE(33) R iRy 17 )
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V(ts,y,m) = B [e T (Mr — Sp) |8, = 5, Y =y, M, = m] | (34)
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2T>1‘ (dy(1,z)) +e (—Q(T,w))—ge 5 (—2<T,x>>—$, (40)
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o T2 g tragy Tl = ' G+ Haa' s
U(T)z)=1—x
U (t, ,
G|, = Ut 1,y)
0<z<1 (42)
0g<tgT
v /
H, = ﬁ(%v (fo) —(A¢))
H; = ﬁ (fo').
SERR R E 2 OIEMIA, T

_ 2 0?U,

(£ U = ~(0) = Loplf)a? (f vp( 1) - fv<A¢'>> P
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HRg 58 4, AT LI RO REA2) 3 5] U, foFis R

2
1,020 I ) 4 = Tt = (B R TREL

o0x? ox3
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ou;  1_,0%w o oU,
or ~ 27 92 +<2"’>az‘7"U1+H(TvZ>
Ul(O,Z) =0
o, (1, 2) @)
T, 2
18 ’z:O - _UI(T7 0)
z>200<7<T.

a4y 77 R (43) gy 17!
Ui (1,2) = IOT jo+oo H(z,y)G(z,z,7 —y)dzdy

a=052/2
b=a2/2—r
c=-—r
s=0b/(2a) —1

(z — ) (z+ ) +oo (z+xz+1n)°
(exp (— gy > +exp | — - —2s L exp T aar sn|dn].
I, T DA SR AR B 7 I s Oy PRI A H BEALE AR T, B sh AT BT (9] B2 7 K AL 3 DA
.
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BE AL 3 R A R JIBCE A R IR IZ L, AN SRR R B8 7 K BE AL 3l 23 BB g SR 424 L 101 U R AT LI
BN F N R B R L, BE AL ) FR AR 5T IR A% (0 i o 07 R SE N SR 2%, Bk DAAS 2 A b
fige. L Ay AR B T T ik, A A B BEALIE R B 28 SR, T T2 LA S S R
ENAT LAY [ A R SYIASC A ol S TR (1 6 420 A AR SUTASL DAL A AR A . s P = S B3 o M 15 90T e 49 A [ VA B L
DAY BN B SR T, SR T U2 W AN S AT AU BRI A% B IR T Vi A0 U, (146
W IR S RN@)H IZH H, Hy, H, M Hy W] LLE R Fouque 5532 R4 0 H 77 ik M. SHE
JHEMLE, SRR TR B PN A2, B Sl b 1 BRI S AR o 75 AL T I S BB B 1 ROR,
Fx, AT LASE ARSI AR B ARSI Al 1 SR AR i ok 23 75 R 1) 25 8, 1 P 80 B 3 st M e R B BUE i
Hh, iR T R R AL ER T 5 B B R CVR HEAT AT 2 Al (4 AL 12075 954 AT DAt 25 B B B
HURIE AT A i DL BT AT BE LR 32 (R BE AL Bl 5 R S A [ il .
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