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An Iterative Method for American Put Option Pricing under
a CEV Model

Seungkyu Lee' - Bong-Gyu Jang1 + In Joon Kim®

"Department of Industrial and Management Engineering, Pohang University of Science and Technology

*Yonsei School of Business

We present a simple numerical method for pricing American put options under a constant elasticity of variance
(CEV) model. Our analysis is done in a general framework where only the risk-neutral transition density of the
underlying asset price is given. We obtain an integral equation of early exercise premium. By exploiting a
modification of the integral equation, we propose a novel and simple numerical iterative valuation method for
American put options.
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Subrahmanyam, 1996; Ju, 1998).
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ofri|2]7} 5 5 A(American put options) 7+ A7 ¥ 34 Aol AR A EAske BAF So] @S A
3JAL7Koptimal exercise boundary)”} WAHO.Z AGHY=  &}7) 93] Ed).&¢= 28 9] b PEo] £¢

AolA FZI¢F & A (European put options) 7+4 ZA
2P R U] s A Z 225 o] gk} McKean and Merton©]
o gzt FA 714 2A B3-S AT A A (free-boundary
problem) .2 2¥3} 3 & WS AgzEL oMt &
o] 7] o] of| At ofok & A o] A S H3 FE
SHA 271 ek WS Al A Sk (MceKean, 1965; Merton,
1973). o] g HA | A Bt o)zt E A 71 AR S
SfelA HH YAt A& spetste Aol vl - F8gk TS
Shh= Zo] ¢E A o Huang Q7713 Ju 52 A &sfar w2 A
HAPAZFE AL o sl e GarelES /g o 24 ol 27t

=7] AT oY A7F1ES 2 Y Bk -F(fractal
Brownian motions), CEV (constant elasticity of variance) .33}
28 352 W F A X (stochastic volatility models), 3 3= &
(jump models) 55 Al At B33 5§ 4SS AWt
A EE 3 $tiMandelbrot, 1963; White, 1980; Cox and Ross,
1976; Merton, 1976).
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valuation formula) 2 3 &s}= d| A8t tHKim and Yu, 1996).
o] 5 d| 24| 7]Z2Ako] CEV BF oy i 3] &
(mean-reverting process) & WS W 9] opH| 27k 54 714 %é] s
AAFRo, WA 2 A= HHPATE A8l
Qe FAA HEL A FATE Nunese 71Z2AH}Ho] CEV
BYS s, HHPALE A, kst 59 st
635“4 g2 ARt op 2|k 5 71 AR B3-S AN
3 1tH(Nune, 2009).
£ AT A= Kim and Yu7Z} A|A g o 2] 7 5
A4 Feje B2 WEF 257 o] E)(operator)
22 vHE 4=3 9 (iterative method)S A A8kl
and Yu, 1996). 53] 7]ZA}Ato] CEV 28-S )
=M AAste A4 ol gzt 4 7}
FRA o a3 A HHPAHE 4
A3}E BHoFH Kim A7 7124 o]
(Black-Scholes model)S WS ) =% & Wk 4=7]
obr 2|7k = FA 7HA S AFs a7} A THKim
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& wrolAe PAPE KolaL w17h 791 ofe IRk
94 1A A7 vRL AN ST ek B =R ARy
A3t 918 33 (perfect hedging)$t X142 A&l (continuous
trading) 7} 7FsdbH -9 o] A r 3} 54 7] 2243k 2] &5
FE 67F EA gk 7H g
Carr AT vp7FA = ) ele] AL B( - ) 9 o]dtz
Z Ake) 74A ol Wold wf o2t £ $AS WAkete
TZ]' AZS W2 THCarr et al., 1992). webA 9919 A7}
B( - ) ol thali M tA H(F-2 D717 A] & ARbo] r= T ¢9)
AR)NA 7122454 ol s wf, o} FPatEA] G
ofm 2Rt £ S M (S, T B( - ) =AY {(S, 1) :
B(+) <8< o0,0<r=< TholA Ao s 5ot £ =
AME o] FrE ABTHSE(risk neutral probability) ol A
ES 50“"1 ¢HEY AZto] 38 F §o] 2 FES

A AFeh= 1 o] -5 X (transition density function) ¥(S', &) &
o] &3k a4 ol Ao FHse Ae HAR Gk
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A& w2 Ao tHKim and Yu, 1996).
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premium)<] A% & 2l(integral representation)©]2} & 4= It}
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Figure 1. The convergency of optimal exercise boundary. The
parameters are S'=40, A=40, r=0.05, 7=0.5,
6=14,and 05" ?=0.4.
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Table 1. Early exercise premium with various values of the
constant elasticity of variance 3. The parameters are
S =40, K=40,7=0.05,7=0.5,and 05" 7= 04
The early exercise premium, the difference between
American option price and European option price, rises
with increasing the constant elasticity of variance (3

¢ 0.4 0.8 1.3 1.7
European | 6.71497 | 6.76183 | 6.82243 | 6.87262
(]I(E\iS) American | 6.94477 | 6.99324 | 7.05641 | 7.10916
Premium | 0.2298 | 0.23141 | 0.23398 | 0.23654
European | 3.97596 | 3.97167 | 3.96819 | 3.96673
(]/:S\;[O) American | 4.09503 | 4.09316 | 4.093 | 4.09442
Premium | 0.11907 | 0.12149 | 0.12481 | 0.12769
European | 2.07055 | 2.01746 | 1.95377 | 1.90474
(}?S\;) American | 2.13379 | 2.08168 | 2.01933 | 1.97142
Premium | 0.06324 | 0.06422 | 0.06556 | 0.06668
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