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 EIA

EIA

EIA

Hardy (2003) EIA

Point-to-Point PTP High Water Mark Annual 

Ratchet EIA

t Tt0 0 T

i
tI i  (reference index) t  (value) 

Tt0 Ni1 i

i i Ni1 i

P

F g gF global

C g gC global

G Guaranteed amount

1. Point-to-Point PTP PTP EIA

PTP t
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G
I
IPMax T ,11
0

                        (1) 

P = 100 = 0.6 I0 = 100 IT=150 G = 116

100(1+0.6*(1.5-1)) = 130 116

130

P = 100 = 0.6 I0 = 100 IT=95 G = 116 1

100(1+0.6*(0.95-1)) = 97 116

116

2. High Water Mark High Water Mark

Lookback Option payoff

G
I
IPMax
Max

,11
0

                       (2) 

TIIIIMaxI ,,, 210
max

High Water Mark PTP PTP

High Water Mark

P = 100 = 0.6 I0 = 100 I1=150 I2=90 I3=200 G = 116

2 100(1+0.6*(200/100 -1)) = 160 116

160 P = 100 = 0.6 I0 = 100 I1=80

I2=105 I3=90 G = 116 2 100(1+0.6*(105/100 -1)) = 103

116 116

3. Annul Ratchet Annual Ratchet

compound annual ratchet CAR simple annual 
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ratchet SAR Ratchet

Compound Annual Ratchet

Simple Annual Ratchet

Participation 

rate Annual Ratchet

Buetow (1999) Compound Annual Ratchet

CF
I
IMaxMinP
t

t
T

t

,,11
11

              (3) 

Simple Annual Ratchet

CF
I
IMaxMinP
t

t
T

t
,,11

11
              (4) 

EIA

lognormal distribution

Lin and Tan (2003) Hardy (2004)

Compound Annual Ratchet Simple Annual 

Ratchet Hardy (2004)

Hsieh and Chiu (2007) Simple Annual Ratchet

control variates

    Ratchet Cliquet Cliquet Option 1996

S&P500 Cliquet Simple

Annual Ratchet

FC
I
IMinMaxR
t

t ,,1
1

Truncated return
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T

t
gtg CRMinFMaxP

1
,,                   (5) 

local

global

2003 NASDAQ100

5 Cliquet Windcliff, 

Forsyth and Vetzal (2006) Cliquet

interpolation grid construction techniques

Den Iseger and Oldenkamp (2005)

Laplace transform BS model Cliquet jump-diffusion

Cliquet Cliquet delta 

hedging gamma hedging rho hedging vega hedging

Mats (2006) Fourier integral

Fourier integral

Fourier integral quasi-Monte Carlo

1. highest and lowest cash flow

N

NN
tNt

I
II

I
II

Max
0

0
1
0

1
0

1
1 ,,                 (6) 

N

NN
tNt

I
II

I
II

Min
0

0
1
0

1
0

1
1 ,,                 (7) 
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6

7

2003

7

7

100%

200%

2. baskets cash flow

N
t

N
tt III 2211                  (8) 

d
tBRP ,0                            (9) 

N

NN
tNttd

t I
IIM

I
IIM

I
IIMBR

0

0
2
0

2
0

2
2

1
0

1
0

1
1

,0            (10) 

iM Ni1 2004

15 8

13

10 iM
6
1

f
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Glasserman (2004)

1

0

dxxfUfE

U 0 1 0 1

1U 2U nU UfE

Uf n iU n

n

i
in Uf

n 1

1ˆ

f 0 1 integrable n nˆ

1 f square integrable

1

0

22 dxxff

nˆ 0 nf

f

2

1

ˆ
1
1 n

i
nif Uf

n
s

1Uf 2Uf 3Uf nUf

nf

100 1

100

Boyle (1977)

equivalent martingale measure risk-neutral

measure
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Boyle, Broadie and Glasserman 

(1997)

1. eg.,

2.

3.

 (2001)

1.

2.

3.

4. jump

5.

1.

2.

3. delta gamma

variance reduction techniques

Hardy (2003)

1. Antithetic Variates

2. Control Variate
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Antithetic Variates

uniform

distribution Z1 Z2 Z3 Z4

Z5…Zn -Z1 -Z2 -Z3 -Z4

-Z5…-Zn Hardy (2003) iE

Zi i '
iE -Zi

i Zi -Zi
*
iE

2

'
*
i

ii EEE

N
N

i

NN
iN N

EEE
N

E
1

'
**

2
1

*
NE 2N iE

'''
'

* ,
2
1,2

4
1

2 iiiiiii
ii

i EECovEVarEECovEVarEVarEEVarEVar

Zi -Zi iE
'
iE

*
NE iE

'
iE 0.3

-0.8 009.03.03.08.03.0
2
1 2*

iEVar *
iE

095.0009.0 3

Ui Uniform 0,1 1-Ui

Control Variates

Guaranteed Minimum Maturity 

Benefit GMMB Guaranteed Minimum Death Benefit GMAB
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1.

2.

1. CVE

2. CVÊ Ê

3. E

CVCV EEEE ˆˆ*

Ê E Ê CVÊ

 (2001)

2
1 Ê 2

2 CVÊ

CVCV EEEE ˆˆ* *E CVCV EEEVarEVar ˆˆ*
CVE

0 *E

21
2
2

2
1

* 2ˆˆˆˆ
CVCVCV EEVarEEEVarEVar

CVÊ Ê
1

2

2
2
1

*EVar

0.31 0.52 0.9

0.070.50.30.92-0.50.32 22
21

2
2

2
1

*EVar

0.09 0.3 0.3=0.09

X n 1C

2C … nC nCCXX n11
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XEXE XVarXVar XVar

*
n

*
1 XVar

n

n

nn

CCCXVar

CCCXVarXVar

2

1

21

2111

nC

C
C

C 2

1

n

2

1

TCXVarXVar

Objective : TCXVarmin

TTTT CVarCXXVarCXVar ,cov2minmin

0:F.O.C XVar

02,cov2 TT CVarCX

T

TT

T

T
TT

CVar
CEXEXCE

CVar
CXCXCVar ,cov,cov1 11

XEXE 0TCE 11 T

T

CVar
XCE

02:S.O.C 2

2
TCVarXVar


