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이중 지수 점프확산 모형하에서의 

마코브 체인을 이용한 아메리칸 옵션 가격 측정
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Valuation of American Option Prices Under the Double Exponential 
Jump Diffusion Model with a Markov Chain Approximation

Gyu-Sik Han

Division of Business Administration, Chonbuk National University

This paper suggests a numerical method for valuation of American options under the Kou model (double 
exponential jump diffusion model). The method is based on approximation of underlying asset price using a 
finite-state, time-homogeneous Markov chain. We examine the effectiveness of the proposed method with 
simulation results, which are compared with those from the conventional numerical method, the finite difference 
method for PIDE (partial integro-differential equation).
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(FDM, Finite Difference Method), 
(Monte Carlo Simulation) (Amin, 

1993; Zhang, 1997; Kwon and Lee, 2011; Longstaff and Schwartz, 
2001).  

. Duan and Simonato(2001)

, GARCH
(Time-homogeneous)  

(Discrete Markov Chain)
. Simonato(2011) JD 

Merton 
. 

Kou 
. , Kou 

, 

. , 2 Kou 

, 3
, 4

.

2. 모형 소개 및 방법론

2.1 이중 지수 점프확산 모형의 소개

Kou  (Q)
(SDE, Stochastic Differential Equa-

tion) . 




 

















,  

  



















(1)

. (1) 
 Wiener , , 0

 .  

 ,  

. ,  
 i.i.d.(Independent Identically Distributed)

 , 
. 

 ⋅
≥⋅

 

 

,   . , , 

, 

        













 (2)

. (2)       . 

2.2 이중 지수 점프확산 모형의 구간 확률분포 근사

Kou 
. 

(Transition Pro-
bability Matrix) , 

, . (1)
Kou Cont and Tankov(2004)

. , 

. Hanson(2007) Hanson 
and Zhu(2004) JD (Bin Probability Dis-
tribution) . 

JD 
. (1) Kou 

, h X(h) [x1, x2](x2 x1)
,   (3)

( Q ). (3) Kou 
. 

, h
 (3) . , (Time- 

homogeneous) 
.

 ≃

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
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
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 
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  


















  
     

   
    



  
 ∞   

  
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




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 



 




  

  ⋅
   ⋅

   


 

 
  

 

2.3 마코브 체인 방법론에 의한 옵션 계산

2.3.1 마코브 체인(Markov Chain)의 생성 

(Column Vector) . 

    ⋯   ′    


 (4)

(4)  , ≤ ≤ 
     ,     . 
 . ,   

. , 
( ) 

Kou .

     ××     (5)

(5)  (1) (Annualized Standard Devia-
tion) . ,  

,    (Duan and 
Simonato, 2001). 

 . 

     

  ∞  ∞  


≤ ≤ 

  

,  ,  

 , ∈
, (3)

         

, M

               










 ⋯ 
⋮ ⋱ ⋮
⋯

(6)

. , (4) (9) 

M Kou 
. (6) 

. , (4)

  

. , 
  M

     











    


    

 

     

 

     

 

     

 

     

 
    

 (7)

. (7) diagonal element   
 , upper diagonal element

, lower diagonal 
element   

. ,  

,  (Computation Complexity)
.

2.3.2 아메리칸 옵션 가격의 측정

FDM
. ,  , 

, 

  . ,   

 ⋅   (8)

. (8)  (4) , 
1  ,  1

-1 . ,  ⋅⋅ element- 
wise . ,    

. ,  ( = ⋅h (= 0, 
1, , L-1))

    ⋅ 
⋅⋅ 

(9)

. ⋅  
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Figure 1. The ARS of OPMarkov with respect to time to maturity and
moneyness Figure 2. The convergence of OPMarkov

, ⋅⋅  
 . 

   ,  
2 . 

(8)
, (9) ⋅ 

. (8) (9)


.

3. 실험 결과

2.2 2.3
, , 

, Kwon and Lee 
(2011) ( )

. Kou  ,   ,   ,    
,    .   ,  ≤ 
    , 

   . , 
(), ( , : ), (), ()

∈    ∈    
∈     

, . 
(OPMarkov) (OPBenchmark)  (ARS, 

Absolute Relative Error)



 
× 

. 
, , 
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ARS <Figure 1> .  

, 0.1% . , 
( , , 

) . , 
() OPMarkov OPBenchmark

  101
5001 , 

, 
, <Figure 2> . <Figure 1> <Figure 

2>
. 

4. 결  론

Kou 
. 

Kou 

. 
. 

, 
, 

. 0.1%
. 

,  
. 
.
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