Joboooogoboooouooood
ooobuoooobouooooog:

OO0 ooof*oooooodoooooofs

oo

000000000000 00000000O0O0O00oog (Average Option) O
0000000020000000000000000Heston0000OAN -SABROO
goboobooboobooboobooboboobooboobooboon

1 OoOon

0000000 OTCOODODODODODODODODODODOO0OO0000OOOOOOddBlack-Scholes
gogoooobtbooogoooobbooooobobooooooobboooobooboobooa
000000 0ONYMEXOODODOOODOO WTIODDOOODOOoODOoOooooboooo
JoooboboboooobobobooooobbobooooobbboooooDoboobooo
ggbobodooooboboooobobobooboobooboobobbooboon
000000000 Black-Scholes 0000000000000 ODOOODOODOODODOO
0 Black-Scholes 00 00000000000 ODOOOOODOODOOOODOOOODOOO
gogooooboogoboobtoooooobooobbboooooooouoboboooa
gooobooobooooboboboooooobboooooobobooooooooog
O0000000O0000ooOoUoOoooOo 15,9, 00000000 OOOO0OOn
ggobobuoogoooobboooouoobobbuooooboooooobboooobo
Jooopooobboboooooonbobboooooon

oo ooobbooooobooooo
OO Heston OO0 [4], SABROOD [3J0ASABROOD [6)000000000000
000000 (local volatility model) 0 0 O OO CEV OO O O shifted log-normal O O O
gobobooooowTiIoboooboooobooobooobooooboooo

‘0000000000000 000000000DO0000UDO00O0DUO00DO0O0ODODODO0
ooboooooooboooboobooooao.

‘000000000000 D00D000000O0

‘0000000000000 000DO00DO000O000000ODO000O0DOO0DO0DOoNOnd
gooo

§DDDDDDDDDDDDD,DDDDDDDDDDDDDDDDDD

fDopooDooDOoOoOO0
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OO0000SABROOOOOOOODOOOODDODOOODOOOOOOOOOOOOOOn
000000000000 00O0OU0OOO000OOO0oUODOOODbDOoOooOOoO 2]
gbboboobooboobuoobouooboobooooboooboooboboooo
0000D0O000ooowTIODOOOOoDODoOOo0ooOoOO JUN,DECODOO0OD0ODOOO0OO
gogboboobbuooooboobobooobboobbobooobboaoobooobon
0000000000 00000oooooooDoDO ASABROOOO HestonO OO
goobgobooboobooboobooboobobboboobooboobooo
000000 (calibration) 0000000000000 O0OOOOOOOOOOOOOO
O0O00O00OO0ONYMEXOOO WTIDODODOOOOODODOOOOoooooooboDooDOo
gooboooooboboobooooboooboboooobooobobbobboboo
gbobobooooboboboobobooobooboobobobobooooan
OO0 BlackOODODOOOOOOOOOOOODOOOOODOOOOOOOODOOOODO
gboooboobooboobooboobobbobooboobooboobooo
gbboobooboobouoobooboobobboboobooboboboboboooboo
gbboobooboobouoobobooboobooobooobooboboboboooboo
goooboobooboobooooooon

O0020000C00C0000000000DODODOODOO3000000 ASABROO
O0HestonODOUOODOODUODOOOOUOODDOOODOOODOODODOODODOODODODLO
40000000000000000D0ODO00O0O00000D0O00DOO0O0O0 A-SABRO
ooooobooobooboo0obbO0o0ob0o0bD00b0Ub00Heston D OOOOOODO
goobobooboobooboooboobobboobooboobooboobooo
ogoboooooobobobooobobuoobosbbbobobDobobobuboUoobUO 4
gbboobuoobooobooboobobbobbobboboooboobooobooon
googoooogd

2 0OOoOo
00000000000000000d000000 X©Ooo0o:
dX\9 = Vo(X'9, e)dt + eV (X\NdWy; X3 = 10, t €0, 7). (1)

ooow=W!',--.,W")O0mOOODODODOOOODODOOO,ee(0,1]000000
000000000000 V:RIx[0,1]—=RY V: R RIQR” 00000000
000000000000000000000

D0g¢g:R'—» RO0O0OOO0D00O00OOOOO0000OOOOOO0O00O0OOOOO0O
D000 el00000g(X{Y)000000000

Q(Xéf)):90T+591T+€292T+5393T+0(€3)- (2)
00000000 Oooooo0odooon Malliavin CalculusO OO QOO0 ooononO
[13],[14]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD [15]D
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[5],[9], [11], [12) 0000000000 CO0OOO0OOO0OOOOOOOOOOOOD
goooogao
00000000 gor, 917, 92T, - - - O Wiener-Ito 0 O O (multiple Wiener-Ito6 integrals)
3x(€) 82X(6) 83X(6)
000000000000 Dy = 8|00 E = 54|00 F, = &4 |o0000
gOT,ng,QQT,ggTDDDDDDDDDDDDDDDDD

gor = g(Xp g1T—289 ) Di,

gpr = = Zaa]g \DiDj, + = Zag XV B,
,=1 i=1

Gr = - Z 0:0;0p9(XV) Di DI, Db, + & Zaa]g (x"EL DI,
,jk 1 i,j=1

d
1 (0)
_ i X
+6;3g(

000 D, ELF, (i=1,---,d)00000 Dy, By, FO 0000000 Dy, By, F, O
0oooooooond

t
D, = / VY, [0Vo (X9, 0)du + V(X D)dW,],
0

B, = / (Z 8;0,Vo (X, 0) DI DEdu + 82Vo (X, 0)du

J,k=1

d
+2) " 0:0;Vo (X, 0 )Dﬂdu+2ZaV xNpJ dW)
Jj=1 Jj=1
d
F, = /Y} (Z 0,000 Vo(X ", 0) DI DEDL du +3 >~ 0,00 Vo (X", 0)ES D du
0 gk l=1 jk=1

+3 Z 80,0 Vo (X, 0 )DJDkdu+3ZO 0Vo(X), 0)EJ du
7,k=1 j=1
d
+3 " 0;0:Vo(X ), 0)Didu + 02V (XL, 0)du
j=1
d
+3 Y 9;0,V/(X{")DiDkaw, +3Za V(X >)Eﬂdw>
j,k=1 j=1

ooy oooooooboboooooo

ay; = oV (X0, 0)Vdt; Yy = 1.
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D000V 0dxd00000 (j,k) 0 V{00006 =52, V{0 V0O, ;0000
0000mMO00L,0dxd0000000.
00 g(X3)0ee(0,1]0000000000000000000

Q(X:SE)) — gor
€

GO =
oad

a = a” = (@g(X{)) Yy, 'V (X)),
gooooooood

(0O 1) ET:AT%@ﬁ>0. (3)

Yr000000000000 ¢y 00000000 1)0 g 00000000000
Do0ooo0o
O00000GYID000 ¢ () 000000000000

Yo (&) = Elexp(itG)]
= Elexp(itgir)] + €(i¢)Elexp(i€gir)gor]

62
+¢”(i€)Elexp(i&gir)gsr] + = (i€)"Elexp(ig17)g5r] + o€”)

(M2

5 ) + €(i&)E [exp(i€g17)E[gor |917]]

2
. . [ .
-H%%HHMM%mﬂEwwme+5@©%ﬂwM%mﬂEw%me+0&W
000 Elger|air), Elgarloir] 00 Elgar|gir) 0 goir 00000000
o000l oooooooooooogooGEooogg

gobooobooobooboon

fae = n[z;0,X7] + € [—%{hg(:ﬂ)n[m;o, ET]}]

2
+ |~ thalonls:0, 20} + 5 | s Uhna(alnls0, D) + o),

0000 hy(z) = Elgar|gir = «], hoa(z) = Elgar|gir = 2], hs(z) = Elgsr|gir = 2] 00
DDn[a?;O,ZT]DDD o000 ¥»rO0000000000O00000

1 —z?

;0,57 = e — 5.
nle; 0, 2] \msz’®{22T}
D0000000000000000000000000000 ¢:R—ROOOO0O
000000 E@GN)Ip(GO) 0000000000000 00000d

E[¢(G)I5(G)] = By + eB) + 2By + 0(€?). (4)
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BOROODDODOOOODDODOG® ¢ BOODO Ip(G@¥) =10000000000
Ip(G¥Y)y=00000
D00000000000000000000 &, &, ® 0000000000

oy = /ng(:v)n[x;(),ET]dm,
o, = —/ng(m)am{E[gQﬂmTZx]n[w;O,ZT]}dw,
0 = [ (3000 Blgrlonr = anlelo. 2} - ()0 (Blgarlour = alnlelo, 2} )

00 7T0000000000D0 ¢(Xs)OOO0O000000y e ROOOO K =
g(X%)—eyDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD

max{g(X5) - K,0} = ep(G)[5(GF).
000 ¢(z) = (¢ +y)0B={G>—y} 0000

00 . Elgr|gir = |, Elg3r|lgir = 2], Elgsr|lgir = 2] 0 2 0000000000000
00000000000000000000000000 (/14 [15], 9], [10]) 000 B
000000000000000000000000000000000000000 ¢
00000000

3 Uuobboobuoobuobbono

gboobbobobobooobooboobobbobbooboobooboboon
00o00o0o0oooOoUoOoUooOooo b, ro0obo0bo0oooooUoon
000000000000 0O0OoO0o0oOoODOOo0DOOOOoDUOOobOODOOoOSHUOD
0000 ¢tOo0o00o0ooo o, 700000000000 X(TM)obooooooo
god

1 T
x(r) =1 / S(t)dt. (5)
T Jo
0000000 TOOOOOUOUOO KOOoooooooooooo C(T)D
C(T) = max {X (T) — K, 0},

gboboooboon

gogbooboobobboooooboobbbboooooooooobooobobobooboboobooo
ASABROOOO HestonOODOODOOOODOODOODOOOOODODOOOOODODOODO
gboboboobooooo
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3.1 XSABRUOOO

MSABROOODUOOOOODOOOOOO SOO0D0ODO0D0O0O0O0D0O0O0O0OOoOooO
googd

dS(t) = aS(t)dt+o(t)S(t)Pdw(t), (6)
do(t) = MO —oa(t))dt +vio(t)dW' (t) 4+ veo (t)dW?(t). (7)

0000000000000000000 p(e [-1,1])00000u; = prOvy = (/1 - p2)v
0000000000000 v000000000ASABROOOOOOOOOOOOO
000 (volatility skew) 00000 (smile) 00000000000000000000
00000000000000000000000000000000000000000
00000000000 (600000000000
ASABROOOOOO0O0O00000((G)O(6)D(7)00000000000000000
€€(0,1000000000000000000

T T
SOT) = S(0)+a / SO (1)dt + € / o (1) SO (1B (1), (8)
TO 0
o NT) = o(0)+ / A0 — o (t))dt
0
T T
€ A vao®)
re( [ meOwart o+ [ nemaro)., )
(0 L7 oo
XO(r) = T/o SO (1)t (10)

bbb e0ooboobobOoboobu ebgoboobonobooboan

m
X(T) = Y XM(T) +o(e™). (11)
n=0
00 X™(T)(n=0,1,2,3,..)0 (1000 (8) J000D0e=000000 ed000 n0O0
000000000000 0000000000000000000000000000
XM(MDOoOo0D00000000000000000000

el _ 1

X0 = T L), (12)
T

xO(r) = / Fin(s)dW (s), (13)
2 T S

(2) = (u) w)g2;i(s) s

X0 = % /0 /0 For () AW (1) g (5) AW (s), (14)

3 T s u
By — () dW (v)gs: (u)' dW (w)hs; (s)' dW (s
X®) (1) Z/ /O/Ofgmdvv( )3 () dW ()i () dW (s)
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+22:/ </sg4z dW(u)) (/Osf4z-(u)’dW(u)>

1=

1
X hyi(s) dW (s). (15)

000 fuld), fa®) (6 =1,2), f5i(t) (0 = 1,2,3), fa (i = 1,2), g2(t) (i = 1,2), g3i(?)
(i =1,2,3), gui(t) (i =1,2), ha;(t) (i =1,2,3), hy;(¢) (i=1,2) 00000000000

—at at\B —At
far(t) = f31(t) = far(t) = gar(t) = gaa(t) = ( e (5e) (90+ (7(0) = ) ) ) ;
ea(Tft) -1

at
t
oT € f21( )7

fu(t) =

fa2(t) = f32(t) = fa3(t) = faolt) = ( v (0e + o (0) — 6) ) |

vy (0 + o(0) — 6)
at\B—1 Mt
gor() = < B (8(0)e*)” (0 + (a(0) — B)e ) )

0
e(T—t) _ SN
g1 (6) = han (6) = Pa®) = S g1 (0). gua(t) = ( (501 (o )
eoz(Tft) 1 "
g22(t) = h33(t) = Tgm(t), g33(t) = ( ) ) ,
h“(t):( Egr=B(8 = 1) (SO)” (04 (0(0) = 0)e ™) eat>
0 )
haa(t) = ( @ =15 (S(0)e)’ e M ) |
0

goooooboboobobobobobobobobooo2000b0bO0oo0oOoOon
goooboobooboobooboooon

Cm)::e”T&(y[jMaQZM$+[jmnhﬂjmh>

+¢? /OOE [X(Z) (T)‘X(l)(T) = x] n[z; 0, X]dz
~y

+é</mELﬂ@aﬂxmuU:xL¢uqzwx

-y

3B [(X@) ()" |x0 (1) = y] nly; 0, z])) Tole).

00Oy S = [ fia(s) fia(s)ds, nlz; 0,%)] = ¢—ww( )DDDD
N00000000000000000000000000000000000000
00000 BOOOOOO.O

X()()
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oo 31.000b0ob0d r>o0o0dbgb0bbb00b0b00b KODbOobOooobobooo
coyooooooooooooooo

() o)

/ H”Z n[z; 0, D)dz

{ H3 (z; Z) n[x; 0, X]dz + Csnly; 0, X]

+ <C4H4(2y4’ E) + C5H2(§/2;2) + Ca) n[y;O,E]H
+o(e3). (16)

000, Nz)OUOUOODOOODUOODOOOUOOOOH(x;X)OO0OODODODO0O0O kOO
Hermite OO OOOOO

k
Hy(z;%) := (—Z)ke"ﬁ/m%e*ﬁ/m.

O000H(z;%) =1, Hy(7;X) =z, Hy(7;X) = 223, H3(7;XY) = 23-3%z, Hy(z; %) =
' — 6322 +3%°000. 0000

xXO(T) —K’
5= [ @
Gy = Zﬁ;/oT f11(s) g2i(s) /Os f11(u)' fai(u)duds,
3 s u
= ") [ @) [ ) i
+i/0T f11(s) hai(s) /Os fi1(w) gai(u)du /Osfu(u)'lei(u)duds,

2 7 .
C3 = ;/0 f11(8)'h4i(s)/0 g4 (w)' fa; (u)duds,

0 = %i( [ ustanto) [ ol putrtuds)
=1
y ( /0 () kss(s) /0 ) fn(s)’hg,i(u)duds) ,

3 T . .
Cs = %Z(/O f11(8)'k5i(8)/0 fll(U)IQSi(U)/O F5i(v) hi (v)dvduds

=1
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T s u
+/0 f11(3)'95i(8)/0 f11(u)'k5i(U)/0 f5i(v) hs; (v)dvduds

T s 7

+/0 f11(3)'95i(8)/0 f5i(U)'k5i(U)/0 f11() hsi (v)dvduds
T s £

—l—/o g5i(s)'k5i(s)/ f11(u),h5i(u)du/0 f11(w)' f5i(u)duds

/ J11(8) Esi(s /sg5i(u),h5i(u) /Ou f11(v)'f5i(v)dvdud8>,

1 T
Co = 52/0 95i(s)'ksi(s /fn )'hisi(u)duds,

i=1

ODO00. 000 fu(), fat) (0=1,2), fsi(t) (i =1,2,3), fu (i=1,2), g2(t) (1 =1,2),
g3i(t) (i =1,2,3), g4i(t) (i = 1,2), hgs(t) (0 =1,2,3), hai(t) (i =1,2) 00000000
000 f5i(t), g5i(t), hsi(t), ksi(t) (:=1,2,3) 0000000

(
f51(t) = f53(t) = hsi(t) = fa1(t), fs2(t) = hsa(t) = hs3(t) = foa(t),
) = k51(t) = g21(), g52(t) = ksa(t) = %k53(t) = g22(t).

0. (16)000000000000Hermite 0000000000000 00O0O0O0OO
goboooboooobo

gs51(t) = gs3(t

* 1 1
/ o Hy D)l 0,5l = iy Hioa (g D)l 0, (k > 1)

OO0 .000 SABRODODO0OO0OOCODODOO0O0O000OOAN=a=00000000
gbooobooobooboobooboonboo

gboooboobooboobobbobobobooboobooooooboobobon
obooooooobooboboooboobobobob0obob 100 Leopogm
gbbobuoobooobobooboobooboooooboobooboobooo
gboboboobooboooboobooboooobooboobuooboobooo
gbboobuoobobboboobooboobooboboboboboobboboooboo
gboboobooboobooo

00 .0000 X(T)0O0o0O0o0ooooooooooos(Tyoooooooooooo
goooooobooboboobooboob sooboobooboobooobon

3.2 HestonO OO

HestonOOOOOOOOW,, W, O0ODOOOOODOOOODOOODODOO S)OOOOO
gbooobooboooooood

ds(t) = t)dt + S(t)/V(&)dW( (17)
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dV(t) = k(0 —V(t)dt+uvi/V (AW () + va/V () dW (). (18)

D00000000000000000 p(e[-1,1)0000 v =prOvy = (V1 - p2)v
O0000000000000y00000000. Heston DODOO A-SABROOOO
00000000000 00000000000000000000000000000
000000000000000000000

Heston 0 0000000000000 000O00DOOOOOO0OOOOOOOOOO
000000000000 000000000000000000000000 400
0Doooo

Heston 0 0000000000000 O ASABROODOOOOODOOOOOOOOO
00000310000000000000000000

fo1(t) = f31(t) = g31(t) = far(t) = < \/9+ (V(0) —0) e—kt ) |

0
ea(Tft) -1
f11(t) = go1(t) = ha1(t) = 2h3a(t) = T S(0) fa1(t),

— 0) e~ Hty et
f22(t) = f2(t) = f33(t) = faa(t) = ga1(t) = gaa(t) = ( yz:: E“;Eg; — Z; e,;y;em ) ;
e pa(T—t) _
g32(t) = ( VOV (-0 ) ,922(t) = 2h33(t) = hai(t) = %8(0)932“)’

0 (0%

%1 7(ea(T—t),1)e—2~ts(0)
933(t) = ( \/9+(V(l(l)2)*9)e—'~'t ) ,h42(t) _ ( SaT( 0+(V(0)70)e—'€t)3, ) .
VOV (0)=0)e 0
000 fsi(t), gsi(t), hsi(t), ksi(t) (i =1,2,3) 0000000
f51(8) = f53(t) = hs1(t) = far (), f52(t) = hsa(t) = hs3(t) = foa(?),
951(t) = g53(1) = k51 (1) = g21(2), g52(t) = ks2(t) = %’%3(75) = goa(t).

4 0000

0000000 AMSABRODODOOOOODOODOODOODOODOOOOOODOOOO
0000000000 ASABROOOO HestonOOOOOOOODOOOOODOOODOO
gbboobooboobooboobobbooboobooobooboobon

4.1 M-SABRUOOUOOOOOOOOOOOODOODOOO

gbogboobooboboboboobooboobooboobooobooboon
gbobobooboooboobooboobog 2000b0bboobOonon s0000
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000'00000000000000000000 100000

o1
| Parameter | A |o(0) |8 | p | 6 | 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

i00D0O0OD0O0Oi0 b0 p0000000ODOOC0O000O00OO0O0O0OO0O0OO0O0OD
00000000 30%00)000000 ¢(0)0A000000WWOvOOOOOODO
gooooooboobboobbuobobooboobooobovibgwviibbooooooooDo
oooooooobobbooboobobOviiib xO0oooooooooobooooo
goooobooboobioogoxboxitoboooooooooooobooooboooo
xi00O0OOO0O0OO0O0O0o0oo0o0oooooO0oooooooooooo S(0)=1000
0000000000000 (@)D 0000000 OODODOODOD TOOD9O0OOODODO
goooogognb ootd12z00100b0bopooboboboboboobooboboon
OooooO0oOog A10000O

ubooboooobobobooboobuooboooboobobboobooboobo
00000000 (vi)DOOODO0O0O000000000000000 (ix)000oooo
0000 (xi)DOODOOODOO0O0O0O00O0O000ooO0oooooooo oooooo (v)o
gbooooooobobooobobobooooobooboboobooo 3oboooobobn
gbo3gbooboobooboobobobuoobbooboobooboboobg

g10obo0obooboobooboboooboooobo0 xbooboooooo
000000100 2000000 ATM(100)DODOODOOODODOOOOOOOOOOO
gboobgobooobooboobooboo3sbuoobooboboboboboobboooboon
gbooboodgbooobooboobooboo

\-SABROOOOOOOOOOOOO0O0O0000000000000000000000(tiz1)=0(t)+
MAL, S(tiz1) = SEt:)+aSE)At000D00000000 0000000000000 S(tia)=00000
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O 1:

density

0.025

0.020

0.015

0.010

0.005

0'000 (NS N NN NN NN R
50 75 100 125 150

4.2 OQU00O00O0OOOO0OO0O0OobObObOOOoOoobobObOooOon

NYMEXOOO WTIOOOOODOOODOOOOOOODODO000000D02000000
goobobooboobobboobuooboobobbobboboobooboboOon
gbbobooboooboooboobuooboboobooobobooboobooood
gobooboboboooboboboboobobobobobuobobobooooooon
goooboobooboboobobobobooboobooboobboobooo
gboboboooboboobbobooon

i. 0000000000000 (D0D00000)00 BlackOODOOODOOOOOOO
ubbooboooobooobon

i.i00000bo0b0o0oob00o0boobb00boUDBlackOOooDoboobooogoO
uboogboooboooooon

. i0gogooooooboooo0oboboooooooboboooobooboooDo
ugbogbgobobbobooboaoboobobooobooaboo

gbooboooboobobooobooooboboobobooboobooboDbo
O0O0000000gO BlackOOOODOOOOOOOOOOOODDOOOIOOOOODO
00000000000 000D0ODODDODODODODO HestonOODODO A-SABROOOOOO

J00U0D0D00D0D00000000000000000000000000000000UoOn

gooooboooooooboooobobboobobooboobooobobbobobooboboo
gboboooooo
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0000000000000 000000000000000000000000000
i0000000000000000000000000000000000HestonO O
000000000000000000000000000000000000 A-SABR
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000
00t000000TO0000000 F(+,7T)000000000000000000
000000000000000000000000000000000
A-SABROOO;

dF(t,T) = pu(t, T)o(t)F(t, T)?dW(t),
do(t) = MO — o(t))dt + v1o(t)dW(t) + veo(t)dW?(t).

Heston O 0 O

dF(t,T) = u(t, T)F(t,T)\/V (t)dW'(t),
dV (t) = k(0 — V(£))dt + vi\/V (£)dW (t) + v/ V (£)dW?(1).

goobobooboobooobooboobooboobooboobobobobooo
0000000000000 0000O000U0ODOO00 w(t,T)OODODOOOOOODOO
goooboooboooo ,u(t,T):zl{KT}DDI]D

ooobbo0oooooooogD 2007h 10010020080 rO 10020080 10010
0300obboo20070 10010000000 0000000O0LODODOODLDOOODO20080
0100 wrligooooooooooooooboooobboooobooooo2o008
gilotoiligboogooobooobbobuoobboobbooobooobbuooooo
oboboooogobobobooooobooooobobobboobobob 200000

O 2:
oooo
oad oad Put-1 Put-2 Call-l Call-2 Call-3 | OO0ODOO oad oad
2007/10/01 77 50 70 80 90 110 79.28 | 0.12 | 5.19 0O
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 O
M9 40 60 70 80 100 73.10 | 1.62 | 4.67 O
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 | 3.40 0
MO 110 130 140 150 170 139.79 | 1.88 | 3.49 0O
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 O
79 70 90 100 110 130 100.99 | 1.13 | 3.96 O
MO 70 90 100 110 130 102.03 | 1.62 | 3.55 01
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00000000000000000000000 (000 #WO000)oo300000
god

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

2007/10/01 77 0.01 0.52 2.63 0.33 0.03
M8 0.28 3.13 3.64 1.19 0.15
78 0.22 2.17 8.84 4.07 0.79
M9 2.74 8.52 4.16 0.97
2008/07/01 78 3.43 9.04 15.85 11.74 6.43
M9 7.10 14.00  20.78  16.85

79 9.50 17.06  22.81 19.15  13.82
MO 10.80 18.74  23.61

2008/10/01 78 0.43 4.12 6.76 3.55 0.95
M9 3.06 9.47 13.82 10.16 5.53
79 435 11.22 17.13 1340 8.47
MO 487 11.73 18.36  14.72 9.71

ubodboobooobobooboouooboobooboobobbobbobd
gboooood
goooboobobobouooooobobooboobobbobobooboo 40b0obo

Heston A-SABR
00 K V(0) p 0 v A a(0) B p 6 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 A-SABR
oad o0 | Put-1 Put-2 Call-1 Call-2 Call-3 | Put-1 Put-2 Call-1 Call-2 Call-3

2007/10/01 77 -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 78 -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

OO0000D00D0O000000000000 Far Out of the Money DO OO OODO
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A 0O000O0DOODDOOO

gboboobobooobobobooooboooboboobobonoooobooobon
gbooooo40b00boooog

Al )SABROUOOOOOOOOOOOOOODODODOOOOOO

ooono oo
Case | O0OO0O 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 2.770 | 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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oood oo

Case | OOODO 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 | 0.1563 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 | 2.969 | 3.031  2.958  2.969 | 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 2.946 | 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  5.448 | 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 )XSABROUOOOOOOOOOOOOOODODODOOOOOO

ooono oo
oo o0 |ooo0od 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 024 0.11 0.15 0.27|-0.12 -0.09 0.03
75 Call 3.656 | 354 354 3.66|-0.11 -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 | 0.05 0.03 0.12|-0.11 -0.13 -0.04

2008/07/01 | 0.5Y | 120 Put 2241 253 191 228 0.29 -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 4.01 435 |-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 | 3556 296 332 028 -0.32 0.04
140 Call | 9.82 | 9.55 9.56 9.82 | -0.27 -0.26  0.00
160 Call | 3.77 | 2.80 3.40 3.75 | -0.97 -0.38 -0.02

2008/10/01 | 0.5Y | 80 Put 1.55 | 2.04 144 157 | 049 -0.11 0.02
100 Call | 8.08 | 797 8.00 8.08 | -0.10 -0.07 -0.00
120 Call | 2.57 | 1.82 243 2.56 | -0.75 -0.15 -0.01

1Y 80 Put 282 3556 262 287 | 0.73 -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 4.89 5.13|-1.14 -0.25 -0.02

1.5Y | 80 Put 3.66 | 4.50 337 3.74 | 0.84 -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 HestonUODUODOODOOOOOOOOOODOODODODODOOO

ooono oo
oo o0 |ooo0od 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 | 3.8 386 3.74| 0.11 0.12 -0.00
95 Call 0.05 | 0.04 0.02 0.03|-0.01 -0.03 -0.01

1Y 55 Put 0.22 | 020 0.26 0.27 | -0.02 0.04 0.05
75 Call 3.68 | 3.96 395 3.67| 028 027 -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 | 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 11.42 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 0.33 -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 | 3.97 336 325 | 0.67 0.06 -0.05
140 Call | 9.84 | 10.11 10.12 9.83 | 0.28 0.29 -0.01
160 Call | 3.72 | 3.21 3.83 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 8.08 | 0.11 0.14 -0.00
120 Call | 255 | 1.96 258 2.56 | -0.59 0.04 0.01

1Y 80 Put 287 397 298 280 | 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 5.17 | -0.70 0.23 0.02

1.5Y | 80 Put 3.75 1 520 397 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 | 6.90 | 6.28 735 6.93 | -0.62 045 0.03
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