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Pricing an Equity-Linked Security with

Non-Guaranteed Principal*

Jaekoang Cho) and Hangsuck Lee?

Abstract

Equity-linked securities (ELS) provide their customers with the return linked to
the underlying equity (or equities). Equity-linked products in Korea have recently
gained popularity due to relatively low interest rates. This paper discusses an
equity-linked security whose principal is not guaranteed. The payoff of the ELS
depends on the returns of two underlying assets. This paper presents numerical
prices of the proposed product by using Monte-Carlo simulation method. It assumes
that the log-returns of two stocks follow either Brownian motion or variance gamma

process. Finally, the comparison of the two approaches is discussed.

Keywords: Equity-linked security; geometric Brownian motion; variance-gamma,
process.

1. A&

FEAZANE g TFY FAAEC] EATE B4 FAAEL 2P F
o ZE Yol AL AFHEY FEYEE AS (low-risk low-return) 3= ¥, 37
QA FAARE L FA TR o] MF A (exotic options) & B3] B FAAZFY ¥
717 Wl 538+ 7 & (high-risk high-return)& E o]
AHE9 ol FALEE BEF SEA7E FE4EY ¢ gu=
F7MA 4 458 4F (Equity-Linked Security;ELS)o] 1t} W@ 48] 74A o]y} 7}
Aol AF3td FoEe] AAHE AF FEAFLE F/HAS 958 AF (ELS)
< Sd3 AN By Fuf gl ELSE FAFEAHETE 30 Yo 23dFeR
EESFYES 7IUE F Utk o]# T ELSY AEEAH o2 Q3lo] 2003'd 3EHH
L3y HE 7] Al Fete] W T Fol: 3,459 € (2003'9), 4,672 A (2004'd),
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11,9139 4 (2005d), 17,9441 9 (2006°d) 2.2 vid F A3 F 71 Aol Aot =3, ELS
7y 28 BolE0l o) 10%8 ANT AES AN F2 99 FAA 3
AR o) 4B of thokdk 722 ELS 4ol A28 2 Aok Tel 1 ELS 457
29 B4en st ALe AAALIR ) B2 53] §41712 )& (option
pricing theory)¢] 3-8 o] B4 olt}.

Black#} Scholes (1973)+ 3712 Geometric Brownian Motion (GBM)& 7}4 3}
option pricing S HEIFHUCE 1 o|F B AR gt o]8Hoer Y Y
Ao g 3t A7 7} o] F oAt} Black (1975)©] Black-Scholes Option Pricing Model
(BSOPM)2] A2" A 74A 227 B 2AS 28T F2 B AHRELS o)A
2 Qa7 Aol BALS 27 AR FAAY) FFE oL e 29
o2 717t £4F £2E Adste A &< AFHAL, AAR BSOPM|
A AR AN 22 ] $AE B2 25T (lognormal) R 27 A&7 k& 2
At At wekA option pricing®] FEEE Fo]7] Hste] AAAA 7|22 49
5 B2 E Agses Ao 23 FUI Heston (1993)2 BSOPMS 7H3 248 7|12
Apak 4201 g 29 Y% (skewness) 9 H = (kurtosis)oll 2Jste] 492 = J&& IH
st th Bates (1995)= A8 risk neutral +E7F FAL 4F 1 £XE 7HAE
2 £gH(put option)) 7140 AR B % Ache A& LAk E, De Jong
% (1990), Engle and Gonzales-Rivera (1989)$} Papaioannou and Temel (1993)2 9=
(skewness)$t M= (kurtosis) 7} F71 989 2R A= T4E SAFsI=H FL23
847 o TYANZ AL AXRIATE olF TYHLE AFAEY F71Y 8 £
T B A}t 22 A E XS (moment parameter) 7} 18 H B 71 48 8t}
7 thekoe 2 A Madan and Milne (1991)©] A 9+3t Variance-Gamma Processi= 215
g w2 Jue A=Y 5 EFAZL, o] st 2HE FIH 2
o] %o Madan 5 (1998)0] 214§ £ A B4, & WA (volatility) 7 Sf=
(skewness), ¥ = (kurtosis)ol] 7]Z 3 Variance-Gamma Process& European Option2]
NHAZARE A P ELE A 7HEFAE =S

£ eBoAE ¥ gol 2ANY A WA B2 YY) 4FL A Fa
E-2"|Th2 (2 stock-step down)H’ F7HA 4 AFF FF (ELS)9] 714 23S AT =
7}2 % 2 2 Geometric Brownian Motion (GBM)3} Geometric Variance Gamma Process
(GVG Process)Z 7}R 3} 714 H S92 71282 53t 2 AU 2 & A4
3 & ZEHFIEE AlEd ol WHE (Monte-Carlo Simulation Method) & &8 3}o] o]
AEZ 2] BAY7}R] (present value)E A 4AFEHA, o] & A2 vlw e} E£3 AE9 A7
o) 4FE v X 4 7122 2agEof the thgs WFA (volatility) 9] £
3} AFA 4 (correlation coefficient)2] W s}oll whel HAY 71X 71 o) R A W Bl E=X] &

kil

olR 7] 913 A% B4 (sensitivity analysis)S gt}
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v

2. ELS 714 A 4H-& 1% 454

2 AEL A M Wol BN e F25-2FTHE (2 stock-step down) E F
THA G 4F8 AELE W) 2d)7HA F liz}’&g} o] gl 9t AEF Aol &4
@%ﬂlﬂs%%°%l°ﬂmd®1%2ﬂ%éﬂ 9, AFA A F 71224 74
ﬂfﬂﬁoiékdiwﬁmﬂzﬂ%%%l-ﬂﬁﬂéﬂ”ﬂﬂ-rﬂ*ﬂ“A
7}7“—-! o] BF 71&71Atin] 85% o] 4 Y A% 6.6% (A 13.2%)9] A EE 27|44 Fo] B
BEI T AL 670E A AA wtEHh AR 67HY A H oA 85% ©13HY
F F HA 27188 F71D (A F 12709 A )l 271443 ZAH A oluf F 7
ZAH4E2) 7HF 0] B 71E7 A TH] 80% o) Y A 13.2% (A 13.2%)9] 4 ER =
ﬂﬂﬂqgﬁﬁqﬁnpﬂﬁ@qﬂEQleﬂLuﬂéAwwmm%QﬂﬂaTq
Hﬁﬁﬂzﬂ”ﬂﬁﬂ%(ﬂ“ 187} A1)l F 7|2 2pate] 7HF 0] BE 7|&
7}Z]EHH] 75% ©)/42] A% 19.8% (A 13.2%)9] Y EZE 274430 FAH ALY, 1%7(]
%2@ﬂﬂﬂ@ﬁ%ﬁ?ﬂﬂ%N”PW%rﬂzﬂﬂﬂﬂﬁﬂﬂéﬂamﬂm%
ol/’del Aol 26.4% (A 13.2%)9) < gol FAH I, 70% °l3te AL FA71F
FHolgte 71E7H ] 50% ) & 3tehdt A o] %i—"-f& 20.0% (@ 10.0%)) +9&
2 3"} 82w, 7)1E744 ] 50% o) dt2 dtekdl Ao glow T s xR 4
QEO W2 TELS VIELE 7€M W7 A Y vER v A%Fo] FAH
th 29219 A4 ARE 27) B WG BRD A, Ay, A3, Ag, 4s, AsS 4 (3.1) F
—rt‘s]-r,].
B =EodA BF e FAT AdFE AE (ELS)Y 3 ool #sta] 4uEz} AE
%?%H“WVV4%%%ﬂﬂﬂaﬁwlﬂ—ﬂﬁdP“Tﬂ“ﬂ%%Q%ﬁ%q.
A AHFFE 4F THAAA TR ELSY A 7R L 71FE02 3o tidt 9
= (penalty) & A| 9] 8t A& /3 (reimbursement) 3tr}. whata] AFE Q] 3 kA A2

L 2,

2

AHBR AANSE EW:AE
O R — 2. s OH7) _‘(«5@ RN B e OFbe
TE g EAMEIE o EILds EEEEPEIE
s B )
pLe=
- A8 ABT A FERNE Boove 0T
HHUHNEYT
sz mps
;3 PR Sy
AB+URNI T YZ+OMASHF  BE+ORAZT O —??Almf’
' : ! ! gmtdg&‘g
AUz Heza AMzE

a9 2.1: ZHFAANE S ELSAE TR
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249 o] AT £ Joug ok WAL Ron AAANIN T2 @
22 ofrh B =&l tF= ELS 4F2 & (lapse rate) 2 W5 g2 43T
443k (constant value)& 71T E Wtk AE A% F 1550 ¢9 8 ko] LA
, 2530l aloko] AR L (1-9)F ¢ %o BASFEZ (1-g)- ¢ 3
oFo] whABtet. o] ¥ Wale] 9 3te] 3FAE (1—g)° ¢, 4F AL (1-9)° - g, iFAE
— )V g7h AR mehA A F A e g2 YASAL, A% AN A=
£ AR FogeE AT

L4

= 18 Ko

3. ELS 7}4 A4 54
oA 493 ELS AFol tig dA7LXE A7) fste wo] (23d)7HA 7 Al
Aol st F 71224 49 & (total benefit rate) S
S1(t) Sa(t)
51(0)’ S2(0)’

2 shAh 714 Si(H)E AR ] R WA AxA4e 1AL VeI, Sy(0)E AR
to] = W 72249 A2 EbiTh A F 64, 12709, 18749, 2470 (B71)
o 7 AR} 27 B Wr14S 2D L TeT Atk

Rl(t) = Rz(t) 0<t<?2

sl

- 6709 (t; =0.5)
= A; = {R1(0.5) > 0.85, R,(0.5) > 0.85} (3.1)

- 12709 (t2 = 1.0)
= Ay = AN {R;(1.0) > 0.80, R»(1.0) > 0.80}

- 1871¥ (t3 = 15)
= A3 = (A1 U Ag)c N {R1(15) > 0.75, R2(15) > 075}

- 2470 g (t4 = 2.0)

Ay= (A1 U A, U Ag)c M {Rl (20) > 0.70, R2(20) > 070}
= { As= (A1 UAsUAsU A4)C N {ma.xostngl(t) > 0.50, ma.xostngg(t) > 050}
A6=(A1 UA;UA3U AL U 145)C

tgo2 F(0)E 9% (principal)olat & wl 4 (3.1)9) Z+ A2 E 27] T 9]
4BzAL VST AS 10 BE 4B FAL

- 670€ (t1 =0.5)

= By = F(0) {1+0.066}, if A, (3.2)
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- 12709 (¢, = 1.0)
= By = F(0){1+0.132}, if Ay

- 18709 (t; = 1.5)
= By = F(0){1+0.198} , if As
- 24D (ty = 2.0)
By = F(0){1+0.264}, if Ay
= { B; = F(0) {1+ 0.200}, if As
B6 = F(O) {mln[R1 (2), R2(2)]} , if A6
olth. 4 (3.1)# 4] (3.2)0ll g3t | k-2 B 5k U %S A%, & 3 2FF (lapse rate) ]
09 o ‘FAE-ARITHE (2 stock-step down) B’ F7HA] 5 AFF FEY A7 =
2P 7Y H AR 2 7] 8 o] 2 (fundamental theorem of asset pricing)oll 23| A 4] (3.3)3} 2
o}

AA7EA = (e - EQ[By - I(A1)]} + {e™™2 - E9[B, - I(42)]} (3.3)
n {e—rts -EQ[Bs . I(A3)]} + {e-rt4 . EQ[B4 S I( 4)]}
n {e—rt5 . EQ[B5 'I(As)]} + {e—Tte -EQ[BG -I( 6)]}

= E@ [i e "% B, 'I(Aj)]

=1

A
A

ot =05, t = 1.0, t3 = 1.5, t4 = t5 = tg = 2.0°|t}. J 7)o A r& o]x}-& (contin-
uously compound interest rate)= 2] )81, Q-+ Risk-Neutral MeasureS 2w 3t} 1
2] I(-))+= indicator functione]t}. &,

I(A) = 1, TfA z-s true
0, ifA is false

ojr}.

<oz g LY S ol BAZIXNE RS B2 671Y Bt
AT 5L pet 3L, A o] BAUSA Fe FES 1 -pt L Wl g
week) | FEojBR

8| eko]
23 (per

p=(1-(1-¢}
o)1,
1-p=(1-g)

otk @AM L& 6Ll GBI F (weeks)S) 4ol whetA 4 (3.3)¢) 674
Tt 7hs 8 2748 soke] HABA % F9o] P nE Sk DT A
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sl oknl 4 B8 A (3.3)9) 2 ATigtol Folo Aok mebA 4 (3.3)L The 2ol
TR E
AA7EA = {e™ - (1-p)- EYB1 - I(A)]} +{e7™ - (1 - p)* - E?[B: - I(42)]}(3.4)
+{e7 - (1-p)* E9Bs - 1(As)]} + {7 - (1 - p)* - E9[Ba - I(A0)]}
n {e—'rts (1 ——p)4 . EQ[35 . 1(,45)]} + {e—rts (1 —-p)4 . EQ[Be . I(Ae)]}

6
= E°|> (1-p)*% - e B; - I(4;)

j=1

et = 0.5, 8, = 1.0, t3 = 1.5, t4 = t5 = tg = 2.00] T}
Al toll A s ko] A k= A AT IS SVigtn & o B =F oA thF o
At AES E4E WY

SV, = €' - (F(0) — SC)

olt}. o 7] A SC+= surrender charges YER ™ $] & (penalty)oll 3 F3tc}. 3 <37
2 SV, Z7be] A% EA) Fonz SV;0 FA A Vol B4 (discount factor)
e e FoH Bok webal, A7 ol A Sotel BANAE AS SViel AAAAE

5V,9 BRI = e SV,
= (F(0) — SC)

olt}. o] Al Ao A &S Bt EtE EAIIAE BF 5 L3tk HIFEL2671E oY
o] pol L, 67 Lol A 1270 ool & (1-p)p, 127 Lo Al 1870 ol o] (1-p)?p,
1870 g oll A 2470 E el ol ™ (1 - p)’polB & 21d o] ol 3} oFo= BE-2

p+(1—-pp+(1-p)Pp+(1-p)°p
otk WekH e HEo] THAD NFBFT Vo) BAAA =

SVl AN = {[p+ 1 -pp+ 1 —p)’p+(1-p)°p] [F(0)—SC]} (35)

3
(F(0)—5C)-Y (1~ p)jp]

Jj=0

ot}. et s oko] THH £S5 AFH AE (ELS)9) AAAL 27) (#7]) 4
B39 BAAA 4 (3.4)9 AT 2 AAANQ 4 (35)F PR

6
E° [Z(l —p)*% . e74B; 'I(Aj)} +

oty =05, =1.0,t3 = 1.5ty = t5 = tg = 2.0

(F(0)—8C)- > (1- p)jp] (3.6)

Jj=0



Pricing an Equity-Linked Security with Non-Guaranteed Principal 419

ol Atk 4] (3.6) FEFHAR A At F7t9t AFEHA Fornz stHgy SR
- S Ao ¥l 3} Risk-Neutral MeasureE F3+o] A ALHE AL o)t} ELSS] 714
AL F712 P9 18 3ko Risk-Neutral Measuredtol| A 13} 1 8 &+&-5-2 Real
Probability & ©]-&38tith ELSS o8 gt 7} A4F %42 Jaimungal (2004)5 #33
o}

1 2R AR 252
4.1. Geometric Brownian Motion $£7}2 3% 7}%

F F7} EH?S}C‘% Geometric Brownian Motion (GBM) F7128 & 7138 | A A
B F FHE Si(0)im1 28T W, tA R FAHAS Si(t)=

Si(t) = Si(0) exp[Yi(t)], S5:(0) > 0,(i =1,2) (4.1)

o]t}. Real Probability3toll A Y;(t) = wit + o;Wi(t)olal, Wi(t)= Standard Brownian
Motion& WETHs 7H4 &, Wi(t) ~ N(0,V2)o| B2 Y;(t) ~ N(uit, (0:v1)?)E W&
gttt o 7] ol Risk-Neutral Measure"G}°ﬂ AME Yi(t) ~ N ((r — 1/202)t, (0:Vt)?) ot} &
g FE FAAFE A2 ZBEE 7L FH 2R Cov(Wi(l), Wa(t)) = ptel
t}. Geometric Brownian Motion (GBM) 2 &of thdta] 248 -8 Gerber®} Shiu
(1996) & 3z gict.

4.2. Geometric Variance-Gamma Process #7123 714

4 4

1)9] Geometric Brownian Motion 712 82 At2] U7 3t A|7ke] @ s}o) o) 3k
F71] S8 A& 71481 A 2 Geometric Variance-Gamma Process (GVG Process) 5
7}_4_30% F718] 9 & 0] Gamma £ X E W= = A 7He] W3l o 3te] Brownian Mo-
tiono. 2 7}A 3t} WA drift parameterE 6, variance parameterS o2} & uj Brown-

ian Motion<
B(t;6,0) = 6t + cW(¥) (4.2)

olg} 33, t}-2 © Z mean rateE p, variance rates vzt & w] Gamma Process&

G ={G(;u,v):t>0} (4.3)

2kl 312) olwl) G(t; u,v)S] B E (distribution)&

o], 714 T'(z)E Zvlgt4oltd (Madan 5, 1998, %1).
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(4.2)} 4 (4.3)2 ©]-&3}od Variance-Gamma Process®} XVC(t)& JElYE 4]
2o
XV4(t) = B(G(t;1,v),0,07°) (4.4)
=0-Gt;1,v)+0"C - W(G(E;1,v))
L9.Gt;1Lv)+0YC /Gt L,v)- 2, Z~N(0,12)
o] 7)ol A Brownian Motion2] o} 28317 Ve sle] 2 BAFT} 4 (4.4)F 0] &3}

o YA HY F F7HE 5i(0)i=1,28F2 & o}, Risk-Neutral Measured}ol| A tAl H o] 3
7} Si(t) =

1
(4.4)%

Si(t) = S;(0)exp [(r + wy)t + XY O (t)], Si(0) > 0,(i =1,2) (4.5)
olx, 71 w; =1/v- ln{l— (0 +1/2( VG) ) }O]E]- Jaimungal, 2004, )
2oz A (4.4)2 Al 24 (0,0YC,v)E Madan 5 (1998) ] A A& 2 ﬁé—ﬁ'—;ﬁoﬂ
3t SAHERY BAE o] &8t FAHE 5+ AUt

EXVC()]
E[(XVG(t — E[XVE(t)]

(t ] (4.6)
)

[(ch EXVG ])3]
)]

2+ (0¥ )t

20%2 + 3(cV ) )t

(2
| = {3(6V6) w +12(6V9)%0%% + 60%% ) t

+{3 VG +6( VG)2021/+304 2}t2

[(XVG — E[XVE(t)]

Al (4.6)2 ol&3std FAH Al 24 (0,0VC,1)E o] &38lo] FE A (covariance)
Cov(XYC(t), XY C(t))& H=3t] Bzl ofgol A #IA G = G(¢;1,v)E JERATH
9] 4 (4.4)F ol &3d
XVCt) = 6,G + oV W (G) (4.7)
XYC(t) = 6.G + 0y CW,(G)

&, Wi(C) £ VGZi, G ~ G (L), Z; ¥ N (0,1%), Cov(Z1, 2) = p¥%, (1 = 1,2)% 2
t}. 4] (4.7)9) pV¢ = Brownian Motion?] p2} F83}17] 15l pVe R A3 282
A (4.7)8 o] &3t Cov(XYC(t), XYC(t)E =3

Cov(XYC(t), XY C(t)) = Cov(0,G + oY CVGZ,,0,G + 0y VG Z,) (4.8)
=60, Var(G) + oY% - 0¥ . Cov(VGZ1,VGZ,)
+Cov(6:G, 0¥ ° VG Z,) + Cov(oY ° VG Zy,6,G)
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olth. A7) A G Z; = NE FHO, Z = RERAFEZNO,1°)EWEER B[Z)]=
E[Z5] = 001, Cov(Z1, Z) = p¥Colck. watAl, 4] (4.8)0 A

Cov(VGZ1,VGZs) = E [\/ézl \/EZQ] —E [\/Ezl] E [V(_;ZQ] (4.9)

= B[GZ:2)) - E VG| E(21] E [VG| E (2]

= E[G] E[ZlZQ]
— —I/p VG
g 78+ 9, A (49XE G Z, SRS REATHEST 2,9 AL ol
33 thee] Al (4.10)54 A (4.11)% Foj At
Cov(6:G, 0Y°VGZ,) =0 (4.10)
Cov(oY °VGZy, 0:G) =0 (4.11)

Al (4.8)FF 4 (4.9), (4.10), (411)E E33tE T F7bol] thated XV C ()T XY (1))

3-8 AF (covariance) 2

t
Cov(X{C (1), Xy C@1)) = 9102;1/2 +aY% Y0Vt (4.12)
= 9102Vt + G'VG VGpVGt

= (01820 + oY CoYCpV Y
°o|tt.

3. WHEA (volatility) 3} A& A4 (correlation coefficient) ] 37

Geometric Brownian Motion F7}52 3 7}A 3} Geometric Variance-Gamma Process
FHRY 7R E o8t F 719 2a59F thste] JAIAHWUFA (historical
volatility) 0,2} 33A 4 (correlation coefficient) p& FA 371 Hsle] 2 F719 3}
A 13 F7Hdlol§] (20053 99 13U RE] 2006'd 99 129)9] L FF7E AHE3 AT

£ Geometric Brownian Motion 7128 7} A sl A 2 F712] AR A5 A (his-
torical volatility) 0;9} 73 2 (estimator)-Z

6 = \J&(n_l > (Rite) - (4.13)

=1

= N2 0 F7Hd oY A, Ry 2498, Rie 25989 370
, &A1 (correlation coefficient) p2] 74 2 D} 1/ gd 4 w

¢

p= mf—m—; > (Rilts) — Ri)(Rj(ts) — Ry) (4.14)
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@ st NIRRT ne ZAOlE A%, Rt 21498, R 224989 J70
t}. o 7)ol A 4] (4.13)7 4] (4.14)% Wilmott (2001, p. 196) F 13-},

t}3 2 2 Geometric Variance-Gamma Process F7}238 713 3lollA 2+ 71 #H
54 (volatility) oY= 4 (46)2) 2 77} £ GRE FHAEDS BAE ek
£ 84 3 % AA 9K 2AL ol 83e] 232 4 U, 4BAS (correlation
coefficient) p¥C& 4] (4.12)0 2J3te] A (4.15)3} Zo] Yeld & 1 0| & &§31d
pvee AL 38 £ Ytk

Cov(XYC(t), X7 () _ 4 4.,
o (SRR 00

P = VG VO
0y "0y

(4.15)

2.0 2 (Geometric Brownian Motion &7F2 38 713 819] ArAA 42} Geometric
Variance-Gamma Process 71528 713312 A@AI¢7) olF AAE Z=A &otd
T2 &2} $A, Geometric Brownian Motion F7}2 oA 2] FE A (covariance)-&
Cov(Yy(t),Y2(t)) = poioato]l I, Geometric Variance-Gamma Process 5 7}2 3 of] A 2]
FEARE Cov(XYC(1), X5 C(t)) = 01620t + pV 01 Coy Gtolt}. o) & FRAL Fd
EE I #AAL

poroat = 0100t + ,OVGO'YGO';/Gt (4.16)

ot} whatA 2] (4.16)-2 ©]83t] Geometric Variance-Gamma Process 7123 714
she] ABASE FoHR 4 (4177 2o,

po102 — 91921/)
vo o (P10 = Hi) (4.17)
g1 02

5. Monte Carlo Simulationg ©] &3t ELS 7} 3 A4t 14

Geometric Brownian Motion (GBM) 713 %9 F712 383} Geometric Variance-
Gamma Process (GVG Process) 7}33te] F712 g2 AUy & 4 AN 5
2B R THE (2 stock-step down) B’ F7HA5 AFE 4F (ELS)9 EA71A & 2H
7}E2 2 AlE# o)A WH-E (Monte-Carlo Simulation Method)& £3}o] o] A& &
A 7}A] (present value) & A4Fstal, o] & AR ulwdtch =3k A4F S A7 9T
L F= o8 7HA 24 F A HEA (volatility) 3} A4 (correlation coefficient) 2]
W3}l wpe}t ELSS] A 7127} o] R A W3lsh=R] GolE =& A}

%71 Geometric Brownian Motion (GBM) 7} 32| £ 712 3 3} Geometric Variance-
Gamma Process (GVG Process) 7+3 38| 7123 o2 z+zke] AUl & A S
. 23 AE 7 FAAAGE L0 et ZEFIER Al EH o UHES H 83
o ELSS] A7} & A4stt 919 HAHE DAEE AFHEYE o 2. ofe
(1942 2DHA)E M(k=1,2,3,..., M)A ¥vt2 3] A3}
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12A] F7HA el 2.9 A
Geometric Brownian Motion (GBM) 713 9] 71232 1)2] &3 8]E (algorithm)
€ W23, Geometric Variance-Gamma Process (GVG Process) 7}4 2] #7123
L 2)¢] &3 E (algorithm)E& w2t}
1) GBM 7}3
GBM 7R304 i F71e) 2707 ¢ o 2rAnge

Si(t+ At) = Si(t) exp [(r - 50 2. At +aVAL - z] (5.1)
o (t = 0,At,2At,...,2NAt), At = (%) ,(i=1,2)

oltk. 7] N& 1d ¢ 4 Afd4E Yehdd, A E# oA (sim-
ulation) 9| A= 246& AFE-SHT) webA, 2N 4928 YErdth a8l 1 F7)
£ A4317] 91389 A7 34 (normal random number) Z;7} ¥ 2344, Z, 7}
Zye ME ZBE 7B 4 (5.2)9 g8t 217 Z,7t A= /‘1'44'-'4'7"“
7].x]_1;_'_i B}/«g /\] 74 o}; a—].\;}_
Vi ¥ N(0,1%)lt B, 2, = Vi
Zy=p- Vit V(1 -p?) V5, (i=1,2) (52)
A (5.1)3 4 (5.2)2) MFA 0:9 ARAS pE 4] (4.13)3F 4 (4.14)) 23
3

01 FA3" 9 M35 A (historical volatility) T} AH#7A4 (correlation coef-
ficient) o] T}.

2) GVG Process 713
GVG Process 7}3 3ol A i & =719 2581 & o) F712 3

rle

Si(t + At)
= S;(t) exp [(r +w;) At +8G(AL 1, v) + oY C /(GO T, y)zi] (5.3)

&(t =0,At,2At,...,2NAL), At = (%) ,(1=1,2),

wizéoln{ (0 +;( VG)) I/}

ola1 F71& A 317) ¥t FAvulds (gamma random number) G(At;1,v) &
Berman (1971)¢] Zvhds A4 st & 4= 313, F 3= (nor-
mal random number) Z; = 4] (5.4)°] &8 & 4= gl
Vi X N(0,1%)0l2 Bl Z, = V;
Zy = PVG -V

+/ (L= (VO Vo, (i=1,2) (54)
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(2270] Ztzte] F71 AldE 2ol tig $49F Al
[12A]ol A GBM 7} 9 F7FE 3 7 GVG Process 7+ 9] 712 3o o sto] A
4" MAL FIMAGE .ol thate] Zhz who) (29)7hA 2 AR F 712 AME
o Fr9JEY

S:(t) _ S
Ri(t) = Gy Re® = gy (= 0,A6248 . 2N AY
2 78 287 4 3

)2} 7 A 27 Em B4R 2A3 4 (329 4
B2 BEA AFHE FBFA0) o 5e] kS DAY AP F7e) FAAY

2] 2 Mol o 5o

= > -ph e By I(4) (55)

[3+A] Monte-Carlo Simulation& ©]£3F ELS AhEZ o] #A7}x) A4t
s ek-g T A 4 (5.5)8 Risk-Neutral Measured}oll Al L3} o}-g3 2+
o},

6
Q l:Z(l _ p)2.tj ce~ Tt B], . I(AJ)} (56)
j=1
Tt = 0.5, = 1.0,t3 = 1.5,¢4 = t5 = tg = 2.0

HA BT MAY FrHA Gl 2o 3t BHFER AlEFH oA W2
(Monte-Carlo Simulation Method)2 ©]-& 3}

6 M
EQFJLWP%a%Bfmm}%%2}%w=Lszn (5.7)
i=1
2 78 4 Qo Wt A Fe T 2N, A5Y A4S (ELS)e] A7
. 1 M 3 )
@ﬂﬂﬂ%MEFH-wm %Wgy—wp (5.8)

Stk A7) A Coi [29AS A (5.5)9] o she] AN Clk =1,2,3,
Urepai Ty,

mim
= m°l'
i ~l>



Pricing an Equity-Linked Security with Non-Guaranteed Principal 425

6. ELSe] @A47tx] ALt 23

Sl ZF DAEE At TR S A5 Y A4E (ELS)Y A7 E ALees 3
HE 83t ‘FAE- AR (2 stock-step down) ¥’ F7HA 5 A5 4E (ELS)
AR 7L X & AArsle] B AL 94, Geometric Brownian Motion (GBM) 713 9] 7123
7} Geometric Variance-Gamma Process (GVG Process) 713 2] F7F2 3 o) 23t F 714
e @ A4} ELSS] A 7kA & Al4bet7) 913 71 27132 7 6.15% 2t A7) F
7H(S1)2 stold & HEF ]I F712(S2)+= A EA HEFE 7|&E71F-2 20061d 84
2449 F712) 2006\ 8€Y 25¢Y 7} (closing price)9] A+& 3 (arithmetic average)©]
t}. o] 2 (interest rate)3} & %FE (lapse rate)- 2tz 5%2} 0.1%9] 4F4%k (constant
value) 2.2 7133t} =3 GBM % GVG Process 713318 F7FAI Y] 29 dslo
EHFIEZ Al EH )4 U E (Monte-Carlo Simulation Method)2 2 8314 10,000%
o A2 E A% T ELSY 7M1 & AR en AlEH ol L& AH R 7] § 3o
54 AAE 1003 9] wHEEH T

#6.1: F/AIUL LS AT 7127

T & %

TR 100
Z7H 71%&7+4(S)) 35,100
=712 712713 (S9) 26,0009
o) ZH-&(r) 5%
& & (q) 0.1%
Surrender Charge(SC) 0
w71(4) 2
7] (¥;2N) 492
AEH ol A AZ24(3);m) | 10,000

A4 100

202 7 6.2% 479 2t 7H4 8 F7AR A AAZE FA 0 ot £H3H B
43X 7 (parameter estimator)-& UEPATE ZF 719 HE A (volatility) 7 AA4A 4=
(correlation coefficient) 59 2433 L A 1d(2005'3 99 208~ 2006'd 99Y 18Y)
9] F7tdlolEl & o83t 4 (estimation)dt Tt -4, GBM 7}A4 2] F7IRFH A
AALH W54 (historical volatility)3} /34 = (correlation coefficient)+= 2] (4.13)3%} 4]
(4.14)8 ol&3te] FH4 At th2 22 GVG Process 7148 F7IEF A A B
0,0VC, 1) 4] (4.6)2 £JE F29 SHAHAERY BAE 53 2AHSE 73
3, A3AsE 4 (4.15)F 883 #3Ah

# 6.19 7B T & 6.29 ReFAFE o83 13 E F F71E 3 GBM
74 8te] F7tR P GVG Process 713 5te] 712 S o83t 10,0008 F=2E
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B & 714E& Adstgen AEH oM Late SAFE Ay AsA1008] S
Wt on A A3 & 6337 2t
£ 6.32 23 Hd Geometric Variance-Gamma Process (GVG Process) 7128 7}
A3ke] ELS @A) 714 & 90.902 2 Geometric Brownian Motion (GBM) F7}28 7}4
3ke] ELS @A} 714] 86.61 Kt} ¢k 4298 = & 1S 7FAth o83 A& 136N A7
g GBM 7Hgste] #7123 & o]-8 3 option pricing& A B7HE 4 ok 7]€9 A
FAZE ALF T =, VG Process F7HR2 Y 744 319 £EH A7 GBM 713 819
FEUARY %F0.043 = Ht} o] 2 1] R0 VG Process 74359 F7t2 Y2 237}
0 dFHeR Yo s AL FAT + Ut

t&o g HEA (volatility) T A& A 4 (correlation coefficient) 2] ¥ 3}o) wh& w7t
= B (sensitivity analysis)& 3o}, 7F3 9 z SR G o)A ARASFE TAHAD £
S 2RE WEA o] WasuA ELSY) AR o\ A

262 /M98 A FARYY 2433

128 5 75 2%
Volatility1l({oy) 0.4716
GBM Volatility2(c2) | 0.3935

AL F71 2 Correlation(p) 0.4077
Volatilityl (0¥ %) | 0.4689
Volatility2 (¥ €) | 0.3912
GVM Process | Correlation (pV) | 0.4087
AR 27} 28 drift1 (61) 0.6167
drift2 (8;) 0.5329

variance rate (v1) | 0.0021

variance rate (v2) | 0.0021

£ 6.3 7139 & 27128 9] d 7R

GBM 7}4 (A) | VG Process 7}3 (B) | x+o] (B-A)
ulE 34 100 100
Ry 86.6099 90.9002 4.2903
EEHA 0.2293 0.1916 —0.0377
HAagk 86.1503 90.6866 4.5363
29z 86.6053 90.7541 4.1488
Azt 87.1154 91.2014 4.0860
A= 0.3783 0.3844
A= —0.4349 —~1.5681
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X 6.4: GBM 714 I 6.5: VG Process 713
WHEA1(o1) | ME732(02) | AA7EA] HEAL(0}C) | MEA20YC) | EA7HA
0.4716 0.3935 86.61 0.4689 0.3912 90.90

0.20 101.49 0.20 101.72
0.20 0.50 87.82 0.20 0.50 91.32
0.80 74.88 0.80 78.96
0.20 88.35 0.20 91.94
0.50 0.50 80.39 0.50 0.50 83.05
0.80 70.85 0.80 71.87
0.20 77.32 0.20 79.26
0.80 0.50 65.69 0.80 0.50 71.51
0.80 59.86 0.80 62.52
X 6.6: GBM 7}¥ 3 6.7: VG Process 7}3
N . GBM VG Process . -
HBAZ(p) | BAR g | managre) | B
0.4077 86.61 0.4087 90.90
—0.80 77.36 —-0.80 —0.813 87.04
—0.60 79.69 -0.60 —0.611 85.82
—0.40 77.76 —0.40 —0.409 85.20
-0.20 81.02 —0.20 —0.206 86.41
0.00 79.06 0.00 —0.004 86.30
0.20 83.20 0.20 0.199 87.29
0.40 84.18 0.40 0.401 88.04
0.60 84.72 0.60 0.603 89.04
0.80 88.24 0.80 0.806 89.63

A3+ B 6437 6500k AAE AHEY, WEAJ W] mE ELS A7 A=
549 27171 2 2L F AZIAI & & VMR L, AFAd ) E 2L+ E
ZH2 218 7HA= AL o 4 YU 2 Aol ok 400tk Z, HF A AV Z
TF FN AT 7te ol AAX 27148 71Dl 4FE HsAE A BhE )
3R 7 AT AX WA F ) o] Hoid 9349 7teAE aAE & itk

Geometric Brownian Motion (GBM) 7} 43} 7128 HE5 4.2 0.47163% 0.39352)
A ALA HE A (historical volatility) 2 2 31748}l Geometric Variance-Gamma Process
(GVG Process) 7}33e] 7123 HFAL2 0.46892) 0.39128 A3 &, AdAS+E
0.2%) WISIA|Z|HA] JB3A 57} ELSS] A7 Ao oJE J&E v =X B3 A3
* % 6.6%9 % 6.73 2t}
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 6.79) GVG Process 7}3 812 ABATE 4 (4.17)9 ps} pVCY BAE o] &3}
of GBM A& A S0 t)& 3= VG Process?] ABAFE F3to] BAE AT Autd o
2 GBM 71339 7283 GVG Process 7} 319 F7tR Gl A 71AA A 2
F= M2 82 FelE 7FA Y GVG Process £7HE 3 7HR 3ol A & & & 713
ok T3k, @A o] 00 ZH7heH FA IR 7L ZrotA| 1 @AY o] AAH A 7R 7L A
Ae %S 7+ 28 A8 5 ik

7. H4E

2 A7 o= HZ Yol SAHL Y= ‘FAE-AFTHE (2 stock-step down) &
P F7MA g AFF AE (ELS)ol tldte] Geometric Brownian Motion (GBM) 7}-7 }2]
F 72 8 3 Geometric Variance-Gamma Process (GVG Process) 713318 S£7123-&
o] 43l dAZFAE AL, o] & MZE vwdte] Bokth 1 E GVG Process F
B8 7153h9 ELS BA7HS GBM 2723 /439 ELS @47 uT 2 g
e A€ 9% = kol A4 FBFEHEY 7HF 2 A 28] AREH L
l+= GBM 7133t 712 3& ©]83 option pricingS AP 7HE 4 Athe 71&9
78 VWY & Aok BepA A2ALY o 4H £018 RIS Hoted AEA
(volatility )2 gt o} g} = (skewness)$} HE (kurtosis)®] HER4E 18] 3te] of &
the 218 ¢ 4 vk E38 ELSS] dA7Fx o] 3 X & o8 MR 84 5 HEA

)
>
[«)

(R 32 o 3

AHAA 42 ¥Wslo] wE N E A (sensitivity analysis) E $HA AA|ToZH W
d9] ¥sle] & ELS A7+ HE4d9 3771 &2 2FLdT-F dA7A 7 &
$e A, Ao & 2L, E FL e M= AE U 5 Uk

o}-2 ¥ Geometric Variance-Gamma Process (GVG Process) 57128 7}3 3tol| A 3
EREFEFAT Y Ho}p Aust B4y T a2, FAYPHE AL d o A
3L ELSS] BA7ME S 42T 5 & ol =3 o] 23t AEF e AR 7] A4AA] B
Al A Q) F-4] (explicit formula) BN E FE3h= 59 F7HAQ £40] 228 Zojzty

A 7H3ie}.
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