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Cubic trigonometric B-spline collocation method for Black-Scholes model
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Abstract: A cubic trigonometric B-spline collocation method is developed for numerical solution of the

Black-Scholes equation governing European option pricing. In this method, the Black-Scholes equation is

fully-discretized by using the cubic trigonometric B-spline collocation for spatial discretization and the

forward finite difference for the time discretization. As a result,a hybrid difference scheme is obtained by

introducing the parameter §. According to the Von Neumann (Fourier) method, the presented method is

proven to be unconditionally stable for 1/2<<<C1. A numerical experiment is performed to illustrate the

validity and accuracy of the method. It is shown that this method is superior to the Crank-Nicolson finite

difference method and cubic B-spline collocation.
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Tab. 2 Comparison of relative errors with different §
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Tab. 3 Comparison of two methods on L,and CPU time

(my n) CTBS(0=1/2)  CTBS(9=4/5) CTBS(0=1)
(20,100) 7.19e—005 1.09e—004 1.55e—004
(40,200) 1. 30e—005 3.97e—005 6.74e—005
(60,300) 4.99e—006 2.50e—005 4.40e—005
(80,400) 3.21e—006 1. 87e—005 3.30e—005
(100,500) 2.53e—006 1.50e—005 2.65e—005

CTBS(4=1/2) CBS(9=1/2)
(ms n)

L, CPU L, CPU
(30,150)  3.99e—005 0.07 4.12e—005 0.07
(50,250) 1.34e—005 0. 36 1.39e—005 0. 36
(70,350) 6.07e¢—006 1.42 6.28e—005 1. 41
(90,450) 3.09e¢—006 3.53 3.19e—006 3.53
(110,550) 1.68e—006 8.98 1.72e—006 8.97

6 & it

AW T =W =M B SR R E
Black-Scholes BR=FA BRIAAL. FUH 5256 o, 3Ch
JIT #3195 vk AE B ACE e R A R,
Crank-Nicolson #% 7 (0= 1/2) ) 3K fift 0K & T B
KBRPLAE R (G=1) . XA B ROA% &1 43 =k =
B-FE 4 it o535 1 550 A9 AR 6 3R 25/ F ScEk L7 ]
Crank-Nicolson A BR 22 4332 F1 SCrk [ 13 ] H ) = Ik
B 2507 15 BAT 85 o 1 KA 2

£ % Uk

[1]  Black F, Scholes M. The pricing of options and cor-
porate liabilities [ J]. J Polit Econ, 1973, 81: 637.
[2] Cox]J C, Ross S, Rubinstein M. Option pricing: a



1158

Wl K FROEARFF )

504

[3]

(4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

(14]

simplified approach [J]. J Financ Econ, 1979,
7. 229,

Gaudenzi M, Pressacco F. An efficient binomial meth-
od for pricing American put options [ J]. Decis Econ
Financ, 2003, 26. 1.

Rubinstein M. On the relation between binomial and
trinomial option pricing models [J]. J Derivat, 2000,
8. 47.

Liu Q, Guo S X. Varianceconstrained canonical least-
squares Monte Carlo: an accurate method for pricing
American options [J]. N Am J Econ Financ, 2014,
28. 77.

Chawla M M, Evans D J. High-accuracy finite-differ-
ence methods for the valuation of options [J]. Int J
Comput Math, 2005, 82. 1157.

Fadugba S E, Nwozo C R. Crank Nicolson finite
difference method for the valuation of options [J].
Pac J Sci Tec, 2013, 14 136.

Chacur A A, Ali M M, Salazar J G. Real options
pricing by the finite element method [J]. Comput
Math Appl, 2011, 61 2863.

Angermann L., Wang S. Convergence of a fitted fi-
nite volume method for the penalized Black-Scholes
equation governing European and American Option
pricing [J]. J Numer Math, 2007, 106 1.
H/NE B R W, A PR AR R s A 28 U AL
[J]. 8 %24.2015, 37. 67.

Golbabai A, Ahmadian D, Milev M. Radial basis
functions with application to finance: American put
option under jump diffusion [J]. Math Comput
Model, 2012, 55: 1354.

Rad J A, Parand K, Ballestra I. V. Pricing Europe-
an and American options by radial basis point inter-
polation [J]. Appl Math Comput, 2015, 251;: 363.
Rashidinia J, Jamalzadeh S, Mohebianfar E. B-spline
collocation approach to the solution of options pricing
model [J]. J Comput Sci Comput Math, 2014, 4: 5.
Huang J. Cen Z D. Cubic spline method for a general-

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

[23]

[24]

ized Black-Scholes equation [ J .
2014, 2014 . 1.
Kadalbajoo M K, Tripathi L. P, Kumar A. A cubic B-

Math Prob Eng,

spline collocation method for a numerical solution of the
generalized Black-Scholes equation [J]. Math Comput
Model, 2012, 55. 1483.

Mohammadi R. Quintic B-spline collocation approach
for solving generalized Black-Scholes equation governing
option pricing [ J]. Comput Math Appl, 2015,
69. 777.

Nazir T, Abbas M, Ismail A 1 M, et al. The nu-
merical solution of advection-diffusion problems u-
sing new cubic trigonometric B-splines approach
[J]. Appl Math Model, 2016, 40 4586.

Abbas M, Majid A A, Ismail A 1M, etal. The ap-
plication of cubic trigonometric B-spline to the nu-
merical solution of the hyperbolic problems []J].
Appl Math Comput, 2014, 239. 74.

PR de . shEEe. 38O H oy 7 7 22 0 30 (B 1) R
R R T LI M R 2R 2 HARFL R
2017, 54. 43.

TR, ML, — 28 A B o T B BN L
[ IE fi [T, IR % % 4R A R B
2016, 53: 512.

KA EE, GRS, AR RV RS O R A IR IE
MR AEAEE [T IR % % 4. B 8RB % i
2016, 53: 1177.

AW . WIS, FEH SRLW FRE MBS IF Lt
MRzsrEir [T IR %% AARF R,
2015, 52. 715.

R, RERE . SR, B RSB X - oy AR
M BR 22 40k [T, Wi K224 AR R
2013, 50 225.

Hamid N N, Majid A A, Ismail A1 M. Cubic trigono-
metric B-spline applied to linear two-point boundary
value problems of order two [J]. Int J Math Comput
Phys Elec Comput Eng, 2010, 4. 1377,



