CRITEPERHTE, A1 (2015, 3) 15~37

5 WEY Jue FEI LSl

B A= Heston(1993) 28 3} Dupire(1994) 28-S o] &3t WA =4 =4 (implied

volatility surface)® =AM EA ZH(local volatility surface)S FZ3dt= HPHo| theal
ATt 2Bt B2 Ao EAFLRE AHH L 44 WM (constant
volatility)& ©] &3 FA/MAZARY Y dited ®FAd dxe 7iTRE v
Fug FEHEA IS Fdste S Vet 2e9AY dAE wkdste] o
ggueks nFs Hdth WA FUE FEcke WS RE Heston(1993) RE 0w
FFA ARCINFAE &85 T8t JUFATICR FFHo] 7b5alA] &e
Uuzsh 71 w18 Zhe §893% §49 7S Adsion, o] fHd 34 7HE A

o]-&3}lo] Dupire(1994) 2@ 082 =4
StAth W IHo] F5AAdA 714
], 71&e] AW F

oz HriEd A RS WEAd IHem A A AIF UAlwEAel uk
H A AAE AHE VU § ds o2 FuHh okgd, el ELSE
ELS $helj714 %} s37i7b2 2ke] #g]
LSAIZ7FE 71 el 71 & A

¢

f
ox
I
4
S
S
o,
<
=N
=N
g
wl
&
5
Qo
o
L

lo
-

o, o
of
oXx

of

i
N
me.
4
%0
=
Ho
N
olX
i
o
ot
N
ol
fl
:|N£
[n3
ot
X

~
A
1o
o] w

2014 B=rg-gFets] FA IR FU% 2L dlFAl olstEtn FEFtY e us
A ZALEEUTE o}y # AT B =32 T4 NICE P&I 4718 tiFolAbd, ghadst Bhabd,
AAR B, A= FASA FAFE AE dAbdol Al AA=gH YTk

* A1AAL, NICE P&I 2838d 74 23 EHE-mail : cha@nicepni.cokr)

* ZBAAL NICE P&l 253374 238 AU (E-mail : crpark@nicepni.cokr)

" wAIA AL NICE P&l F838A 74 A% (E-mail : cshong@nicepni.co.kr)

e
N



16 GRITEREERFTE A1AE (2015, 3)

o] B2 23 (Black-Scholes model)<

gol e 7Hgel 7Ivks T glo] #erF EAlsta (it
TS Mg Hed, E9-42 £ 7HEZE%
Ae T BH A Al WAHEAS ApAEE g2
, BEA 2nkd(volatility smile) FE|E HolA €l o]t d4S &
ARG RGN Asde I3ty BHe 7PgS Al "ok 53 2
Al WIS 713t met gAe] SEEY dEE WA EA] Ao

N
>
N

il
=

o m
IN

£ o I

it

1o

b
o

<
o
n
K

ity
IN
O T R T

o
>

_\|1dﬂl
b L

fr m oo

o
—_

o
fr
=

ojN §E

=

T2+ Hull and White(1987), Scott(1987), Stein and Stein(1991),
Heston(1993)¢] 7H&3r SEWMEA R (stochastic volatility Model)@ Dupire(1994),
Derman and Kani(1994), Rubinstein(1994) So] 7§13t =AM SA 2
model)e] Utk FEHEA BFS 23 a9 FA/HAHIPEAE A

oy, = AR elEke

a

—

Local volatility
Bk Aol

WA E7g o]

L

>,
o,
%0
o
I,
[
1
2%
e
offl
oX,
=
ofk

B o ol

oot
&
<
=
it
il
o,
iy
tlo
iy
O,
)
X
)
¥ ¢
o
=
N
og:{l
>
N
Y, ox
tlo
e =
R
N
5

Finterpolation)

SuperDerivatives, Bloomberg @277} 9lom o= Ex19] WY
gl NICE V&IA 28l (Volatility and Information System)e]
e HEdE AFstn e F8eltt oy d WEdA AEe

=
o

gl il o= = ] 10 =2 e T2 AT
AukzAlol fHE A 7HAA AN ALgEE HEALS A4 WS A (constant volatility)
< AHElE vl FACE gldled, HE SEaee deEE Q) olAgdE v

=
Z
(@)
o5}
<
[
>,
[
o
flo
Jo
N
N
olX
)
>
N
)
o,
N
L
N
)
o,
Z,

ICE P&I(F)7} 7hdtate] 20143 7ol EA13 &

2 2 e dE 50 A5l thak WA
s, Algtel AR AU - o FAe diF Al
ARE Fg7|8 ATsln Yok B =R [RE

r o offt offt

B OBEA s

e,

i
o #d F8 IuE HolFa

—



Fol
fults
R

17

A=

% 7
Z..mE
HH:
o} —
mmﬂwwwwf
L.@ }Ht;m_u.
wmw@gq%w1
%yﬁ&ﬂo%mzﬁé
@.mlroﬂow%:ﬂwgugo
wmom:a@éoiaﬂﬁhq
mwaowmoﬁﬁ%a
az Bm# ﬁﬁmmdoq o
mohwazﬁmju_.ﬂyﬁﬂoﬂéﬁ mmuaa
o;odé%ﬂ]of,oa ]o_ed| Lm o
‘w.L}EvoHoLmo_n\_ﬂoLﬂﬂo} ;oLl_a
W@Bgomﬂﬂo7dmmoﬂﬂ4ﬁm %WMO%L
2 .ﬁl @W_ w:.u En_ Lf B ~X Eﬁ ,__lhwﬁ = _ T ,.#\I* ol
‘mx\cqﬂroo,.hoﬂrﬂMM\nr_uﬁﬂMﬂmmoMo cTWUH\n/@l,.mrwﬂ
:{fgfil f??fﬁ
ﬂkwﬂoh%ﬂ?n ) i oemw,H\mmqoi@mlo}
cl ~ EO N M Zl L.U HL EO \ul 1Hr0 ﬁﬁ FL o ZO re) \Iﬂ ﬂﬂM OL ™N
garym%ﬁ#féé% ﬂﬂff%to4 N
o1zk]]ﬂ1 gmoi,ﬂ}:_; }i% é?miﬁqo
1LO #XOO ]o.lr/l)AX#o] ,Iﬂ;o“w E‘W]O]L‘Zlﬁ\ﬁ/u
XO An_]LﬂhmoﬂE\‘mWﬂhm o oz }LOJﬁ Jlt
E.EAE T 1r» P,r. o é}ihc .
E_ob_ 71é mﬂm,.}x 10}}051114. QLéu 7
wrmwi ooLmﬂﬂ RO A MEX)ZoﬂrH S g
mﬂ]ﬁ_. .m]ﬁﬁzoumoo MEL q..o]@%ztodxﬂrdﬂuAIAm mOmﬂ
%w am_oﬁ Eoﬂw m_g %)Eo,m1£l» Eﬂmp éﬁﬁg
Nro%tuodrlmﬂﬁugowﬁbé umiﬁuwzmﬁmumuzbd Hzﬁﬂom‘
Wéléo*ﬂﬂlﬂooéﬂu Mﬂmﬁ#sxﬁﬁmu,m‘_uo P2 PWJ.WAO
LQE.1LOM£EX Ne_f_ﬂ k= ymo%azoi Eq.n mo Mo
ﬁu%.m.é Mo = o N ;oi uhmgem%w 1aﬂﬂ|moh ﬂoﬂr.ﬁ
%};ﬂmﬂqumo ycﬂmﬁ:;UE%Oy dwmm
‘V —_— _.,_H o S _ g m OL O#E _ ﬁﬁl XO () UT_ d LH #E q yAE ﬂAl L._,ﬁ ,WvL m ;Ow_ ;OL ﬂ_1m
@ﬁlboﬂ d«ﬂocﬂWohﬂaiﬂuT 1..% V7E._MAE o8 o Ejm‘mo
ﬂuatomﬂnﬂﬁaTCS}@omn-é V%L.Mz#cduo »Lhﬂlﬂwﬂr@ J.VHeﬂ.o
iﬁﬂaemrﬁ}ﬁﬁﬂ._ﬁﬁm7‘w.ouo LMmH_TUH,LAT oﬁﬂxﬂ@.u @o@ﬂﬂﬂ
wnLléx}a}aMHL ™ = %O%L@ﬂﬂgﬁé oé_]_won
7 Vﬂ@7%n7n$ﬂz%% i oihﬂégﬂo%h T EN g
lﬂou,m. JZEL_ZUHAUM ?/mwﬁmom] Jmoumnnothﬂ@ T ]1r
q }L;o aﬂvq 14.94 uq:;a;}%h ﬂﬂrqg
dﬂ7 ;Wﬂ% ﬁ.é:ATV Zmﬂ(ﬂdu lﬂ,_7ﬂ7 ﬁlmuu_m_
zopiﬂﬂ?L a%ﬁz1§é4 > ?32 _,ayl
T)é% o blﬂ_/zofxf_ﬁgu + Emoaou
aomo %0 Eﬁﬂﬁ A ol o 5 = r _ N - 91 L n_Alq do o
%MV%:»%?Aquaaf?q“qqxﬂﬁ
F,Mﬂﬂw,,moﬂ! oe7AﬂuA£oﬁc—MHZ_m7M|d|HMMWMWﬂﬂﬂo
iiz&?é TT EEF
lﬂ.o‘muiﬁxafl ‘HWEOTO‘MOWL %Mﬂmqq_wr.ﬂl
l%a%dmﬂﬁﬁogé dﬂLoﬂ%EJ
AJu‘Ao Jl;o \mw‘l‘ﬂc* ﬁﬁﬂ#}]%\m—-‘_
égoﬂ@%;oﬂemL:@;;_ 5 o
.WD )mD BE MW_ ﬂm_l o m_x M “% M_u-_ ‘_IAO_H ,9! 1:1_ ,w‘L T~
lﬁé ﬂ@EP omoezﬁﬂqﬂi%
e s wﬁw:% Liéﬁovo
]}OL)XW;E%:. »o;_ L?}Wﬁ
ﬂw@ﬂmf%;.é?fwﬂoa“zo
Eﬂﬁ‘mﬂéq.ioL Aedw_wmvv,e%
omﬁgoéwugfnnméd
(\T,W.E ou_oﬂu;oﬂo Jlﬂ
D\wL‘w.oH‘._.Llﬂ_rmcLoﬂ.Vl,m-H.ﬁ,ol
LL]Z'V ﬁo#upwﬂma
leq\.r,A]E‘DFEUP
AUMAO @2 L.Aemm
%mrk@ J :Hﬂ
iLJm__ooL
AelxrﬂHooJIVﬂrm
7#L$d1]ur
_,Té KRR
umiémi
Lm,._.uv
,Bo\q
mw;fuf
:uaT
)



e, A1 (2015, 3)

f

18 &

o #g

3

5

s|~E(Heston)

Apae] 7hzol

L 7%

A
7FA el A7\,

AR Aol FL S AT 1

=

o] A&+ 7

3

WA

o
o
TN
ol
or
-
ol
M

=

—_—

kel B

SREEREE

=

Ztett 7

ol A=

Tt el A

3
[e]

i<} E(

N

PR FAA

S

weh o go] W

ol

A AN EEE AL

F7el Selgol Hit

=
=,
Hsde s 7

< Aokt gioh

e

o a4

t Sieh Zey AAR

S

i3

EN G

folr

o

g
Alel

VAx:1 1)
of H

el vl Wedel o =

L
R

o}
=

= F7F st

Hola 9lr}. o]¢ld]

AE

(¢}

9]

Bl -&(fat-tail) @7Fe] YeEPtaL Leptokurtic(H

=
-

o)
o

WA WEAe] MUYz wold] m

tol MEE A St o

S
5

td

T2 7Hgs

£l
4 (plain vanilla option)2]

s

©

=
RLn

i

2

17} A

pud

3HA

71l

g

Dz

2 AR2Z&8M(path dependent option)<]

AN AR ZA (o arbitrage condition)

1A=k

IR

S

Hl ofgfgel sith

she

Heston 28, CEV 23 (Local volatility Z&olgtnx= 3},

SABR ®3& GARCH =¥, Stein and Stein =%, Hull and Whit

2=

ol

(<3}
A

o

e B9



g ~E(Heston) B8 x4 SGEHETAY =

Aol MEA Z2AAE 713 Rgor Sd-&
ok AA, Tk FAER WEdol & =
effect) & Rt et g Aadgd Ak 7 spetebd BArt ddides o &
7R Z A 3 2218 AFatequity)] 7F7F HolA] 7vel 74x)(3Abe] 714))
7b EQHIAIHA MEAE AXe dFoF F7pt "Wold o, /Pt o5 o B

fo

> K
X

=1 - y T

o Aol AAe dFS DIt A4, WEAdo] HdoZ 4% (mean reverting)3dh
= S gt AA, F7F A8 FE7F FEEe vlaE 9% mErt 9
A JehdE A4 JarEEo] v o BEgt EXE2 Jeh)=(leptokurtic) A2
Zt= AL Ausith UA, 938 349 7HEAA 22 (closed form solution)o] ZA)
gt} o2 Qg By B4E FHeed vt ITRE ZE 549 A
< ol& F QoA ¢ BE ARE Z&I) AIHEE FFe] AEE S U= F
o ‘.:_1;].

A= R

, W g
S o galA MEAS A Aol Wal olelgol Utk £8P &4 Aol
ARYFHOE FANATL ARANE FARCR HAsol duE £H AR
Wgol o7k | BEE AGEH JbAoR Adsted vAd Adg 2AS 9

Adokets oAdde= I A=l Utk olyd S dldsy] A8 B2 AT
At lew Fad FAAES WA rbA)e] FEEE g Modified
FFT(Carr, P. and Madan, D. 1998)& AM&sta 72 <MgAdE 919 Little
Heston trap(Albrecher, H., Mayer, P., Schoutens, W. & Tistaert, J. 2007) Z&3}=
Wol dAFtEo] ok Ed B FHA HAY HASE ZAE Fed ol HY
A 8}7]1*H (global minimization algorithm)?] Simulated Annealing <& ©]&3fo] RS9
HA3} 99 Zu, =4FA3}7H(local minimization algorithm)?l Trust-region-
reflective ©]Y Levenberg-Marquardt Algorithm= ©|83fe] ZHFEZ<Q R4EE S
T Atk gEHEY 29 A5 dAst=d ool a oM e AEe
27 E& stedlE oE ol Uk 1HBER dA AMedtes WHES SEWE
< 5% A MBS AES F Dupired] FAMEA 2E S o] &3
AbEste] Ao ot w7 F2E g et ol & Wl A

3
A s Aeke A B 5 dRs ek



1|
. A& (Data)

e A1 (2015
- 3)

it

ot

)

f

20 4

N oA
Moo
_,A,umo ﬂﬂ
® eﬂwwzﬂ
01% %WM%EWO_EW
wmxlo Pm%gegwlrmmﬂ%ma
= uwwwf.%%u T o
an ﬂm%mwyﬁwwa = 3
q - : o = m Ju.
iy HM%W%%@ Dow %wc%%ﬁf
w9 ﬂ_/aAiﬂm i © <0 .EE&UE%1
= e q " © pcag] i L B 5 s
5 &Ofar.ﬁaoﬂwog i 1rono),§mmog¢.
o o A o = 5 ol o NS s I B
< o JIMM50J7|:‘._XI‘M._N_QA AT%TM.WWOMPE‘WE
w " ] e X w_]rah(sao» "
B EomLa_mﬂ%mJ@% @m@%m e
oF T e_%},izx W o W 5 5 o ™
- quﬂiﬂéﬂ%oo .%%%ﬂﬂ:_omaar%
N Mﬂ.csﬂﬁ%mwgaﬂmw 0_21%@@,>ﬂﬁg
—~ o - =1 T
® 5 Em%%wn%%wm @%%qmmqmw
W & ) %mfﬂoﬁﬂo_%o_ﬂ %ﬂm_%@m@%ﬂ
B B9 T oy 3 3 :r#l
xﬂo:ﬂo JlJtlEA - T Lkaao@
iﬁ\uﬂrw_ﬂ ‘Al]LHMch\A Eoﬂ &mﬁ%iﬂSi
X° %AHH nEw : _aﬂogg.n T T
T Euaw,ge =3 a - = * = ~ X
~ . T T nd o <Y X0 Ho ol O K] T ) o X
%wugﬂr n.%éﬂo_wo}q_n_%uaw :lﬂ&.ﬂ,ﬂzaﬂw
T N ﬂomw_ﬁﬂo 71§oﬂW Eg1zo@ﬂﬂ@ovM
o W3 4%%&%%3%&% ﬂmﬁa%Ma%o_am
° 3 EA o o X
wu%m_m pmwogki%egpﬁft% Mmﬁaﬂoﬂmzm%w
ﬁ]% %ﬂﬂ%%%ﬂﬂ?ﬂw% 7wﬁﬂ.m|wr Emm
0 _— —_— ~ \/\»/y =
- ocwjﬁﬂwai_i%wm wmh%%m%ocﬂmm
Jlﬂldﬂ ._|1roAHo€u‘U|#L‘D.oo* ﬁwdlqﬂﬁdc_a._n%7
X .A_XC_ ﬂuoﬂyl m s lru;A,LlA‘._D.a#ﬂ.Mﬂ
583 _nhnﬁ>i%mgﬁ @@%%om%ﬂ
— JIJI —_ ! b(
%ﬁ LngﬂaxmbzoWWHE Ry Eol,ﬂnu.noﬂga i
N ‘uAIL‘:__A.O.._f\_I&uLb‘WOH“ = = M,w.L_/ ZMU:WZ\#‘_.@O.%
qwuuumﬂ1 < ﬂiiwg_?%l
) 3 é_%ﬂ — ~ ~
L_Lloﬂlo_ﬁlﬁrﬂoemﬂ o o m@ﬂﬁé%gﬂo
2 i o N o = o < M.M 0y o < pr g
..__zT_nIEEAT n/_.ﬂ‘hvooﬁm_orlw‘q.m#\_f
™ .AL]EEUZTrﬂL%Ll
ol 1&HJX|€ me.l%o;o
wﬂguxﬁe%
gau%J%z,fﬁﬂ]
C,Moq nox
ETﬂWE‘*_/,mc
o T
~X

1c}2)

I

Q

i
=

I

]?_]:T:/\

B

A

-

st



do
L
&
offt
ox
N
=)
Lo,
I
o
ik
o
ol
o
=,
e
o
re
-
&

2. H29 55

2.1, BUiAE

FWAGE] JRE F2 ARL FololA Fe BENI UGS B 4+ 9
onl, A%, Al B $AME AE & ok [A-1E AAA5F HAS G4
& A AdSe HKEXES FAARLNA BA%E $4718 d2ES nof
33 Qv Qidom AR ARSE AT AGAge] EAGH, o5

Atolof Art FEL] Azt s1&HBR, ‘FrF7F EAgTE S&P5007 Eurostoxx502]
B w77F 2 AEIS g ApkE 7R AEEel AEEA 3 o] g AE
59 Ayt Sdele], AR REE WA FHE YEe o FEd JEE
S F UAT, 1 9o AFES o|ETF At s @ornz LA
BE7F dasity 57 dEA T AN AdEe A4S FHE 229 %
3% A (plain vanilla option)E2 A% o]

H-shares Index Options
Last Updated: 03/10/2014 17:15
All data delayed at least 15 minutes

Type Expiry Strike Sort By Sort Order ;
s : : Submit Reset
Al v All v | |All v Contract v | |Ascending ¥ :
Prev. Day
. Last . MNet Prev. Day
Contract Open Bid Ask Traded High Low Volume Seglg{r:;enl Change Open Interest
C Oct-14 - 7000 = = = = - = 4] 3,327 N/A 4]
P Oct-14 - 7000 2 = 2 2 2 2 2 1 +1 2
C Oct-14 - 7200 5 = 5 - = = (i} 3,127 /A ]
P Oct-14 - 7200 2 = 2 2 2 2 10 1 +1 L1}
C Oct-14 - 7400 = = = - - = V] 2,927 N/A 0
P Oct-14 - 7400 3 = 3 2 3 2 11 1 +1 0
C Oct-14 - 7500 ks = E = = " 0 2,827 MN/A i}
P Oct-14 - 7500 3 1 3 2 3 2 75 : +1 127
Al AW FAARE Zda SooAE ol G5 F vk Ao 158 ~208 AAAEE AlEH

H, Aefiel wet DA 22 F7} dolE st Aled
A B ol

(23 1] A2 SHolx|E St FUFHARS] &5

ko)

- I HAe] Adla FlolA|olA Algshe

)
ot
oX,
-
BN

HES AT, 5534 ool FEL FHHE 2ol WEYS BohirlE vl ok
webd 9o BAE FRE WEY Iue] ALY AHE WEHE o8 ReEgY
WA AAS o188 REF Pl Badth olF ARt REFPel Loy SN
wreA] Ealalol shet, Age] 92 el $EVNEA 2 F Heston RFT] fdabs) uhd
& gAol U BQs)sk 2AR,



22 GRITEPERHIE A1A (2015, 3)

2.2. ZAE

A A1Ze] A RE Cscreen, Vectalis, Brockerhub¥} #& Z/AES B A+
2= 01*‘5% ANt Aeoz AYEHe Edold AlaElE of A gt 32 IALE
o ]:H %—

2 gto] Aga e bk AZdEo] BEAY Efoly 1t AHE
i % 1 & e AA BE27] Eolth Cscreenold FHE A Fshe
3o [272]9t 2o Belear-NYSE liffe’s cleared service®t A2 %o} it} duk
o8 AFAAIFE 24N AfE FoFe Al AA B EA g

453 - SRARK - TRADES) =

I Cierean (RDE/AwW.CECTe

= Custamise,..|

|
7 Irstruments 1 HSCE - Hang Seng China Enterpr |
i Top of the Bock Grder. = | Customise Columis | Prices are indicative oely
+ i Gioupn Fag  Undertying Tk Legs e [ Bid Cttar Hatis Change  Bid vel Ofter vt =
i a FSCE-Hang - WS- Decld 10800 1 11 243 M “1- 16318
i ontals HSCE - Hang . H5_  Decl3 9200 13 11 o wE “1-1 1pazs2
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Abstract

A Practitioner’s Guide to the Stochastic Volatility
Surface : Construction and Implementation

Cheonghee Ahn, Chang-Rae Park” and Changsoo Hong™

We study the construction of implied volatility surface and local volatility
surface using Heston(1993) and Dupire(1994) model, respectively. Practitioners
have been aware of the drawback of Black—Scholes option pricing model when it
comes to the assumption of constant volatility. We contemplate sophisticated
construction methods reflecting volatility skew and term structure in real
financial markets. Heston(1993) model enables us to calibrate implied volatility
surface which has long term maturity and deep out of the money strikes using
listed and OTC derivatives including hybrid options. We also make it into the
local volatility surface which can be used for pricing and hedging ELS(Equity
-Linked-Securities) products following Dupire(1994) model.

There is a growing number of the utilization of volatility surface in hedging
and pricing ELS products in financial markets. We expect that exploiting
volatility surface could give us operation benefits comparing with the use of
constant volatility. Furthermore, it would contribute to the advancement of the
bond pricing companies by filling the gap between redemption price and

evaluation price of the ELS.

Key words: Stochastic Volatility, Volatility Surface, ELS, Mark to Market
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