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d d
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dY; = oVp(X\",0)Y,dt; Yy = I.
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+é | g Chalonlas0. 511} + 3¢ | T (o0, S]] + o).
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dS(t) = aS(t)dt+ o(t)S(t)PdW(t), (6)
do(t) = MO —o(t))dt +vio(t)dW(t) 4+ veo (t)dW?(2). (7)
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0
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e < /0 oo (AW (8) + /O uga<f>(t)dW2(t)>, ()
1 T
XOr) = T/)§Wﬂﬁ (10)
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ggl<t>:<ﬂ<5<o>e )70+ 0) - 07) )

604( —t) _ pot ﬁe e\t
1(8) = ha(0) = hintt) = L), ) = ( (5O)e) 7o )

eoz(Tft) -1
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dV(t) = k(0 —V(t))dt+ v/ V() dW(t) + vay/V (£)dW?(2). (18)
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e
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000'00000000000000000000 100000

O1
Parameter [ A [ c(0) [ 8 [ p [ 0 [ v T
i 0.5 3.0 0.5 -0.3 3.0 0.3 1
ii 0.5 0.3 1.0 -0.3 0.3 0.3 1
iii 0.5 12.0 0.2 -0.3 12.0 0.3 1
iv 0.5 3.0 0.5 -0.7 3.0 0.3 1
v 0.5 3.0 0.5 0 3.0 0.3 1
vi 0.5 2.0 0.5 -0.3 2.0 0.3 1
vii 0.5 5.0 0.5 -0.3 3.0 0.3 1
viii 0.5 3.0 0.5 -0.3 3.0 0.1 1
ix 0.5 3.0 0.5 -0.3 3.0 0.7 1
X 0.1 3.0 0.5 -0.3 3.0 0.3 1
xi 1.0 3.0 0.5 -0.3 3.0 0.3 1
xii 0.5 3.0 0.5 -0.3 3.0 0.3 2
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NIAL, S(tit1) = S(t:) +aS(t)At0 0000000000 0000000000000 S(tia)=00000
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O000000000000000000000000000000000000000
i0000000000000000000000000000000000HestonOO
000000000000 000000000000000000000000ASABR
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 000000000000
00t0000007TO0000000 F(T)000000000000000000
000000000000000000000000000000000
ASABRODOO;

dF(t,T) = p(t, T)o(t)F(t, T)PdW(t),
do(t) = N0 — o (t))dt + v1o(t)dW(t) + veo (t)dW?(1).

Heston O OO

dF(t,T) = u(t, T)F(t,T)\/V (t)dW(t),
dV(t) = k(0 — V(£))dt + vi\/V () dW(t) 4+ v /V (£)dW?(2).

0000000000000000000000000000000000000000
00000000000000000000000000 (¢ 7T)00000000000
00000000000 u(tT) =1y 0000
000000000000000 20070 100 10020080 70 10020080 100 10
0300000020070 100 10000000000000000000000020080
70100 WTIOOOOOOO0O0O0O00000000000000000000002008
0100 100000000000000000000000000000000000
000000000000000000000000000000000 200000

O 2:
oooo
oo Ooa Put-1 Put-2 Call-l Call-2 Call-3 | OO00O00O Ooa oo
2007/10/01 77 50 70 80 90 110 79.28 | 0.12 | 5.190
M8 50 70 80 90 110 76.05 | 0.62 | 5.06 O
78 40 60 70 80 100 74.25 | 1.13 | 4.83 0
M9 40 60 70 80 100 73.10 | 1.62 | 4.67 0O
2008,/07/01 78 110 130 140 150 170 142.47 | 0.38 | 2.98 O
M9 110 130 140 150 170 142.18 | 0.87 | 3.27 0
79 110 130 140 150 170 140.90 | 1.38 | 3.400
MO 110 130 140 150 170 139.79 | 1.88 | 3.490
2008/10/01 78 70 90 100 110 130 97.92 | 0.13 | 4.06 O
M9 70 90 100 110 130 99.34 | 0.62 | 4.04 0
79 70 90 100 110 130 100.99 | 1.13 | 3.96 0
MO 70 90 100 110 130 102.03 | 1.62 | 3.55 01
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0000000000000 00000o0o0oUoO (o0 HWO0oOoO)0Do 300000

ooo
g 3:

= | 00 [Put-1 Put-2 Call-l  Call-2  Call-3 |

2007/10/01 | 27 [ 001 052 263 033  0.03
M8 | 028 313 364 119 015
Z8 | 022 217 884 407  0.79
M9 274 852 416 0.97

2008/07/01 | Z8 | 343 9.04 1585 1174  6.43
M9 | 710 1400 20.78  16.85
Z9 | 950 17.05 2281 19.15 13.82
MO | 1080 18.74  23.61

2008/10/01 | Zz8 | 043 412 676 355  0.95
M9 | 306 947 1382 1016  5.53
Z9 | 435 1122 1713 1340 847
MO | 487 1173 1836 14.72 9.7l
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0 4:
Heston A-SABR
oo K V(0) p 0 v A a(0) Je) p [ v
2007/10/01 | 1.180 0.082 -0.408 0.032 0.560 | 1.590 0.281 1.000 -0.341 0.133 1.156
2008/07/01 | 0.463 0.218 -0.028 0.040 0.811 | 0.877 0.808 0.889  0.056 0.184 1.081
2008/10/01 | 1.128 0.328 -0.050 0.011 0.700 | 0.837 0.575 1.000 -0.023 0.025 0.706
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Heston M-SABR
oo O0d | Put-1  Put-2 Call-1  Call-2 Call-3 | Put-1 Put-2 Call-l Call-2 Call-3

2007/10/01 | Z7 -0.01  -0.09 -0.02 -0.08  -0.03 | -0.01 -0.09 -0.06 -0.08 -0.03
M8 0.06 0.07 0.09 0.06 -0.00 0.14 0.02 0.11 0.09 -0.04
78 0.06  -0.05 -0.12 -0.06  -0.06 0.15 -0.05 -0.15 -0.01 -0.09

M9 0.04 0.02 0.04  -0.03 0.00 -0.00 0.10 -0.09
2008/07/01 | Z8 -0.14  -0.04 0.14 0.08 -0.05 | -0.09 -0.10 0.09 0.06 0.02

M9 -0.07  -0.07 0.10 0.07 -0.04  -0.09 0.11 0.09

79 -0.02 -0.14 -0.04 -0.06 -0.02 | -0.01 -0.12 -0.00 -0.04  -0.06

MO 0.21  -0.01 0.01 0.18 -0.02 -0.00

2008/10/01 78 -0.09  -0.04 -0.04 -0.08 -0.18 | -0.07  -0.04 -0.03 -0.06 -0.17
M9 0.01 0.06 0.10 0.15 0.14 0.00 0.03 0.08 0.15 0.15
79 0.01  -0.12 -0.15 -0.07 -0.11 0.00 -0.12 -0.13 -0.05 -0.12
MO 0.07  -0.04 0.09 0.07 -0.01 0.06 -0.04 0.12 0.09 -0.05

O0D0O0ODO0OD0O0O0O0O00O0O00O000 Far Out of the MoneyOOODODOODO
Oo00o000oooOoo0o00oooooOo0o0oooooOobOoOoOoooDO Offer-Bid O
0000000oooos% 0000000000000 UoooooOoOOoOooOoO

040000000000 HestonOOODODO ASABROOOOOOOOODODOODOO
gbooooboobobobooooobobooooooboooooobobobooobo
gbboboobooboboboobobbobbobboobobobobobobobobo
gobooboooboobooooboobooooboon

00000000 rY(<«7)0oooooooooooooooOooooo Ccoooo
gobodboobobooboooboobooobooboobbuooboon

I
max { —— F(t,T)dt — K,0 | .
T Jo

0000 ATMOODO 2000000 OTMOOOOOOOODOOOOOOCOODODOOO
0000000000000000000000000400000000000000
girooo0bogboobogobgobosoonbonoon

goboobooooboogobooooboooooosbobobboOoOobDOobD 20070
w0100 MOODOOOOo MO 10oooboooobooDbo 20070100100
28000000 zZ29000 15000000000 20070 100100 MOUDOODO MO
000000 (0 200) 0000000000000 0OOD 400000000O0OOODO
0A2, A30000000

gboooooogooboobobooboooooooooobobooooobooobobob
000000000000 00000000000OO0OO00 (20070 100 10)0000O

‘Heston 00 000000000000000000000000000000V (fi41) =V (:)+ x0At,
S(tiv1) = S(t:) +aS(t:)At 00000000000 0000000000000 S(tiyr)=00000

C0)=e ™R

15



00300000000 Heston, A-SABROOOOOOOOO S000D00C0OCDOOOO
gobooboobooboobooboobboboboobooboonb 20080 7O 0O
100000000300000000ATMO000000300000000100 OTM
OO0 15000000000000000DC0O0O Offer-BidODOOOODOOODODOO
goboboboobooboobooboobobobboboboobobobooboobo
gbboobuogbooboobobobboobobboobuoobooboobooboo
goboooooboooon

5 oo

gbobooboooboobobooboboboobboboobobobooboboooboon
gbobooooboboboboboooooooobobobooboooooDo
gbooboooboobooboobuooboobooobooboobooboobon
gboboboobooboobooboobobobobboobooboobobooboobo
gbooooobooooobooboboboooboboboooooboobobooobooDo
gboboboboooobobobooboboboboboooboboboobobooboon
gboboobooboobooboobooboobooboboobooboobobo
ooooooobooobooobooooono NYMEXDOOOODOO WTIDDOOO
gbboboboobboobooboobooboboobooobooobooboboboooboo
gobodobooooboobooooboobooo

Jodd

[1] L.Andersen and V.Piterbarg, Moment Explosions in Stochastic Volatility Models,
Finance and Stochastics, Vol.11, 2007, 29-50.

[2] B.Dupire, Pricing with a smile, Risk, 7(1), 1994.

[3] P.S.Hagan, D.Kumar, A.S.Lesniewski and D.E.Woodward, Managing smile risk,
Willmott Magazine, 2002, 84-108.

[4] S.Heston, A closed-for solution for options with stochastic volatililty with applicaitions
to bond and currency options, Review of financial studies, 6, 1993, 327-343.

[5] Kunitomo, N. and Takahashi, A., On Validity of the Asymptotic Expansion Approach
in Contingent Claim Analysis, Annals of Applied Probability, Vol.13(3), 2003.

[6] P.H.Labordere, A General Asymptotic Implied Volatility for Stochastic Volatility
Models, cond-mat /0504317, 2006.

16



[7] P.H.Labordere, Analysis, Geometry and Modeling in Finance : Advanced Methods in
Options Pricing, Chapman and Hall, 2008.

[8] Ninomiya, S. and Victoir, N., Weak Approzimation of Stochastic Differential Equa-
tions and Application to Derivative Pricing, 2006.

[9] Takahashi, A., Essays on the Valuation Problems of Contingent Claims, Unpublished
Ph.D. Dissertation, Haas School of Business, University of California, Berkeley, 1995.

[10] Takahashi, A., An Asymptotic Expansion Approach to Pricing Contingent Claims,
Asia-Pacific Financial Markets, Vol. 6, 1999, 115-151.

[11] Takahashi, A. and Yoshida, N., An Asymptotic Expansion Scheme for Optimal In-
vestment Problems, Statistical Inference for Stochastic Processes, Vol.7(2), 2004, 153-
188.

[12] Takahashi, A. and Yoshida, N., Monte Carlo Simulation with Asymptotic Method,
Journal of Japan Statistical Societyd Vol. 35(2), 2005, 171-203.

[13] Watanabe, S., Analysis of Wiener Functionals (Malliavin Calculus) and Its Appli-
cations to Heat Kernels, The Annals of Probability, Vol.15, 1987, 1-39.

[14] Yoshida, N., Asymptotic Ezpansion for Small Diffusions via the Theory of
Malliavin- Watanabe, Probability Theory and Related Fields, Vol. 92, 1992a, 275-
311.

[15] Yoshida, N., Asymptotic Expansions for Statistics Related to Small Diffusions, Jour-
nal of Japan Statistical Society, Vol.22, 1992b, 139-159.

17



A 0O0OD0OO0O0ODDOOOOOO

goboboooboooooobooooooooboboooooboboooboboooooboooon
ooobob4000000000

Al )MSABROUOOOOOOOOOOODODODODOOOOOODO

ooon oo
Case | O0DO0O0O MC 1st 2nd 3rd 1st 2nd 3rd
i 70 Put | 0.237 | 0.293 0.229 0.242 | 0.056 -0.007 0.005

90 Put | 2.958 | 3.031 2.950 2.958 | 0.072 -0.008 -0.000
100 Call | 6.919 | 6.910 6.910 6.915 | -0.009 -0.009 -0.004
110 Call | 1.183 | 1.066 1.163 1.175 | -0.117 -0.020 -0.008
130 Call | 0.024 | 0.010 0.017 0.021 | -0.014 -0.007 -0.003
ii 70 Put | 0.132 | 0.293 0.091 0.134 | 0.160 -0.042 0.001

90 Put | 2.774 | 3.031 2.775 2770 | 0.257 0.001 -0.003
100 Call | 6.904 | 6.910 6.910 6.900 | 0.005 0.005 -0.005
110 Call | 1.400 | 1.066 1.376 1.394 | -0.334 -0.024 -0.006
130 Call | 0.069 | 0.010 0.033 0.056 | -0.059 -0.036 -0.014
iii 70 Put | 0.335 | 0.300 0.320 0.338 | -0.034 -0.015 0.004

90 Put | 3.104 | 3.058 3.083 3.103 | -0.045 -0.021 -0.001
100 Call | 6.963 | 6.943 6.943 6.959 | -0.020 -0.020 -0.004
110 Call | 1.082 | 1.082 1.052 1.076 | 0.001 -0.029 -0.006
130 Call | 0.012 | 0.010 0.008 0.011 | -0.002 -0.004 -0.001
iv 70 Put | 0.308 | 0.293 0.330 0.318 | -0.016 0.021  0.010

90 Put | 3.051 | 3.031 3.077 3.053 | -0.020 0.026  0.002
100 Call | 6.888 | 6.910 6.910 6.885 | 0.022 0.022 -0.003
110 Call | 0.999 | 1.066 1.009 0.989 | 0.067 0.010 -0.010
130 Call | 0.006 | 0.010 0.006 0.004 | 0.004 -0.001 -0.002
v 70 Put | 0.185 | 0.293 0.154 0.189 | 0.108 -0.031 0.004

90 Put | 2.879 | 3.031 2.855 2.877 | 0.151 -0.024 -0.003
100 Call | 6.933 | 6.910 6.910 6.929 | -0.023 -0.023 -0.005
110 Call | 1.315 | 1.066 1.278 1.309 | -0.250 -0.037 -0.007
130 Call | 0.047 | 0.010 0.026 0.039 | -0.037 -0.021 -0.009
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oooo oo
Case | 0DOO0O MC 1st 2nd 3rd 1st 2nd 3rd

vi 70 Put | 0.017 | 0.017 0.014 0.018 | -0.001 -0.003  0.001
90 Put | 1.230 | 1.234 1.216 1.230 | 0.004 -0.014 -0.000

100 Call | 4.618 | 4.607 4.607 4.616 | -0.012 -0.012 -0.003

110 Call | 0.222 | 0.195 0.207 0.219 | -0.027 -0.016 -0.004

130 Call | 0.000 | 0.000 0.000 0.000 | -0.000 -0.000 -0.000

vii 70 Put | 1.554 | 1.937 1.586 1.568 | 0.383 0.031 0.014
90 Put | 6.493 | 6.716  6.517 6.493 | 0.223 0.025 -0.000

100 Call | 10.982 | 11.000 11.000 10.977 | 0.018 0.018 -0.005

110 Call | 4.089 | 3.773 4.099 4.074 | -0.316 0.010 -0.015

130 Call | 0.612 | 0.381 0.585  0.597 | -0.231 -0.026 -0.015

viii 70 Put | 0.181 | 0.293 0.179 0.179 | 0.112 -0.001 -0.001
90 Put | 2.878 | 3.031 2.887 2.874 | 0.153 0.009 -0.003

100 Call | 6.904 | 6.910 6.910 6.899 | 0.006 0.006 -0.004

110 Call | 1.234 | 1.066 1.240 1.230 | -0.169  0.006 -0.004

130 Call | 0.028 | 0.010 0.023 0.028 | -0.018 -0.005 -0.000

ix 70 Put | 0.420 | 0.293 0.330 0.453 | -0.127 -0.090 0.034
90 Put | 3.185 | 3.031 3.077 3.205 | -0.154 -0.108 0.020

100 Call | 7.009 | 6.910 6.910 7.011 | -0.099 -0.099 0.002

110 Call | 1.188 | 1.066 1.009 1.163 | -0.123 -0.180 -0.025

130 Call | 0.045 | 0.010 0.006 0.027 | -0.035 -0.040 -0.018

X 70 Put | 0.245 | 0.293 0.236  0.252 | 0.048 -0.009 0.007
90 Put | 2969 | 3.031 2.958 2969 | 0.061 -0.011 0.000

100 Call | 6.921 | 6.910 6.910 6.917 | -0.011 -0.011 -0.004

110 Call | 1.179 | 1.066 1.153 1.170 | -0.113 -0.025 -0.009

130 Call | 0.024 | 0.010 0.016 0.020 | -0.015 -0.008 -0.004

xi 70 Put | 0.228 | 0.293 0.223 0.232 | 0.065 -0.006 0.004
90 Put | 2.947 | 3.031 2.942 2946 | 0.084 -0.005 -0.001

100 Call | 6.917 | 6.910 6.910 6.912 | -0.007 -0.007 -0.004

110 Call | 1.188 | 1.066 1.173  1.181 | -0.123 -0.015 -0.007

130 Call | 0.024 | 0.010 0.018 0.021 | -0.014 -0.006 -0.003

xii 70 Put | 1.099 | 1.306 1.096 1.119 | 0.207 -0.003 0.020
90 Put | 5.445 | 5.575 5.439 5448 | 0.131 -0.006 0.004

100 Call | 9.783 | 9.772 9.772  9.779 | -0.011 -0.011 -0.004

110 Call | 3.104 | 2.860 3.073  3.088 | -0.244 -0.031 -0.015

130 Call | 0.322 | 0.186 0.279 0.303 | -0.136 -0.043 -0.019
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A2 )MSABROUOOOOOOOOOOODODODODOOODODOODO

oood oo
guo oo |cooo | MC 1st 2nd 3rd 1st 2nd  3rd

2007/10/01 | 0.5Y | 55 Put 0.04 | 0.01 0.02 0.04]-0.03 -0.02 0.00
75 Call 3.70 | 3.64 3.65 3.70|-0.06 -0.05 0.01
95 Call 0.06 | 0.02 0.01 0.05]-0.04 -0.05 -0.01

1Y 55 Put 0.24 | 0.11 0.15 0.27|-0.12 -0.09 0.03
75 Call 3.65 | 354 354 3.66|-011 -0.11 0.01
95 Call 0.20 | 0.08 0.05 0.16 | -0.12 -0.15 -0.04

1.5Y | 55 Put 0.67 | 054 0.57 0.70]-0.13 -0.09 0.04
75 Call 3.10 | 3.00 298 3.10|-0.10 -0.12 0.00
95 Call 0.16 | 0.06 0.03 0.12|-0.11 -0.13 -0.04

2008/07/01 | 0.5Y | 120 Put 2241 253 191 228 | 029 -0.33 0.04
140 Call | 11.09 | 10.92 10.83 11.10 | -0.17 -0.26  0.01
160 Call | 4.37 | 3.43 4.01 4.35|-0.93 -0.36 -0.02

1Y | 120 Put 4.75| 5.00 411 487 | 025 -0.64 0.11
140 Call | 13.58 | 13.06 13.01 13.63 | -0.53 -0.57  0.05
160 Call | 7.07 | 548 6.32 7.06 | -1.59 -0.74 -0.00

1.5Y | 120 Put 3.28 | 355 296 332 0.28 -0.32 0.04
140 Call | 9.82 | 955 9.56  9.82 | -0.27 -0.26 0.00
160 Call | 3.77 | 2.80 340 3.75|-0.97 -0.38 -0.02

2008/10/01 | 0.5Y | 80 Put 1.56 | 2.04 144 157 ] 049 -0.11 0.02
100 Call | 8.08 | 797 8.00 808 |-0.10 -0.07 -0.00
120 Call | 257 | 1.82 243 256 |-0.75 -0.15 -0.01

1Y 80 Put 2.82 | 355 2.62 287| 073 -0.21 0.05
100 Call | 11.35 | 11.24 11.19 11.37 | -0.11 -0.17 0.01
120 Call | 5.15| 4.00 489 513 |-1.14 -0.25 -0.02

1.5Y | 80 Put 3.66 | 450 337 3.74| 084 -0.29 0.08
100 Call | 13.31 | 13.19 13.06 13.34 | -0.12 -0.25 0.03
120 Call | 6.87 | 5.53 6.52 6.87 | -1.35 -0.35 -0.01
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A3 HestonUOOUODOOOOOOODOODOODODOODODODOD

oood oo
guo oo |cooo | MC 1st 2nd 3rd 1st 2nd  3rd
2007/10/01 | 0.5Y | 55 Put 0.03 | 0.02 0.03 0.04]-0.01 0.00 0.01
75 Call 3.74 | 385 38 374 011 0.12 -0.00
95 Call 0.06 | 0.04 0.02 0.03]-0.01 -0.03 -0.01
1Y 55 Put 022 020 026 0.27|-0.02 0.04 0.05
75 Call 3.68 | 396 395 3.67| 028 0.27 -0.01
95 Call 0.17 | 0.14 0.09 0.11]-0.02 -0.07 -0.05
1.5Y | 55 Put 0.66 | 0.63 0.70 0.71]-0.02 0.04 0.05
75 Call 3.12 1 341 338 3.10| 0.29 0.27 -0.01
95 Call 0.13 | 0.10 0.06 0.08 | -0.03 -0.07 -0.04
2008/07/01 | 0.5Y | 120 Put 226 294 229 221 | 0.67 0.03 -0.05
140 Call | 11.14 | 11.51 1142 11.12 | 0.37 0.28 -0.02
160 Call | 4.34| 3.90 449 434 |-043 0.15 0.01
1Y | 120 Put 485 | 6.17 518 470 | 1.32 033 -0.15
140 Call | 13.66 | 14.45 14.40 13.61 | 0.79 0.74 -0.05
160 Call | 7.06 | 6.67 7.60 7.07 [-0.39 0.54 0.01
1.5Y | 120 Put 3.30 | 397 336 3.25| 067 0.06 -0.05
140 Call | 9.84 | 10.11 10.12 983 | 0.28 0.29 -0.01
160 Call | 3.72 | 3.21 383 3.73|-0.50 0.11 0.01
2008/10/01 | 0.5Y | 80 Put 1.56 | 2.19 157 154 ] 0.63 0.01 -0.02
100 Call | 8.08 | 819 822 808 | 0.11 0.14 -0.00
120 Call | 255 | 196 258 256 |-0.59 0.04 0.01
1Y 80 Put 2871 397 298 280 | 1.10 0.11 -0.07
100 Call | 11.39 | 11.79 11.73 11.37 | 0.40 0.34 -0.02
120 Call | 5.15| 4.44 538 517 |-0.70 0.23 0.02
1.5Y | 80 Put 3.75 | 520 397 3.63| 145 0.22 -0.12
100 Call | 13.38 | 14.05 13.92 13.34 | 0.68 0.54 -0.04
120 Call | 690 | 6.28 7.35 6.93|-0.62 045 0.03
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