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mathematical models for option pricing, the most common and famous of
which is the classical Black-Scholes model. But this model fails to show
some market phenomena such as heavy tails, leptokurtic, volatility
clustering, volatility skew, volatility smile and long memory. For this
reason, in this work we intend to use the CEV model, which is used to show
the implied volatility smile phenomenon in the market. Empirical evidence
shows that in the market, as the volatility of the stock price increases, the
stock price decreases. In 1975, Cox first introduced the following CEV
model to show this inverse relationship between stock price and volatility

dS, = rS,dt + 6P aw (v). €y

Using Ito's lemma, the following partial differential equation results from
the stochastic differential equation (1):
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Equation (2) cannot show the memory effect in financial markets and can
only show the inverse relationship between the stock price and its

. . .av . .
volatility. Therefore, we replace the time derivative a—‘: with the fractional

.. 0% . . . .
derivative Sr i equation (2) under the assumption that the change in the

option value follows a fractal transmission system. So that both the effect
of the memory process and the inverse relationship between the stock price
and its volatility, which are two important phenomena in financial markets,
are considered simultaneously. Finally, the following fractional differential
equation is obtained:
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Equation (5) does not have a closed form solution. Therefore, we seek to
determine the option price using a numerical method. In this paper, we
intend to use a numerical method based on MLPG to solve the time-
fractional Black-Scholes equation (5).




Material and methods

In this paper, we first use the MLPG method to discretize space. Then, we
use implicit finite difference method to discretize time. In the following,
we analyze the stability of the implicit finite difference method and
MLPQG?2 using the matrix method.

Results and discussion

We present various numerical results to evaluate the proposed MLPG
approach. Then we compare the proposed method with other methods such
as finite differences, binomial, and closed form solution for European
options. The reported results demonstrate that there is a good agreement
between approximate solution and exact solution.

Conclusion

In this paper, we numerically valued a European option whose stock price
dynamics follows the CEV model and the change in option value follows
a fractal transmission system. To numerically solve the time-fractional
Black-Scholes equation, we used the MLPG2 and implicit finite
differences methods to discretize the option value and the time variable,
respectively. The shape functions in the MLPG2 method are selected based
on the moving kriging interpolation approach, which have the Kronecker
delta property, and the Kronecker delta function is the test function. Also,
we checked the stability of the proposed method using the matrix method
and the stability analysis provides the relationship between the largest
eigenvalue of the matrix and different parameters. The method proposed in
the article can be used to value other options, including American and
barrier options with time-dependent parameters which, for their numerical
solution, it is enough to implement the theory proposed in the spatial
discretization and time discretization section on equation (9). The only
difference in the valuation of different options is in the boundary
conditions (3) that each option has its own boundary conditions.
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