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Report of the work done

(a) Definition of problem handled:

Black-Scholes-Merton Theory (B-S-M Theory) is a celebrated
mathematical theory in finance aimed at explaining the behavior of financial
derivatives in Free Capital Market. This three people derived famous option
pricing formulas which are known as the B-S-M formulas. In this project we have
derived Black-Schloes-Merton formulae for options with different, presumably
more realistic, choices of payoff functions.

(b) Methodology adapted:

The mathematical tools used in financial markets include stochastic calculus,
stochastic differential equations and Wiener integral. On the other hand, the
aspects of Economics in financial markets include stocks, bonds, interest rates and

commodities.

The simplest mathematical model used in deriving B-S-M formulas is the

following stochastic differential equation.

ds
?=0dX+ pdt

where S is the asset price, ¢ is the variance rate, p is the drift rate, and dX is the
Wiener process. Using this equation, the following It6’s formula is derived.

df = 4 S+af+1 2SZazf dt + ot S dX
MEE TR 2V 0 s



By using 1t6’s formula and theory of partial differential equations, the B-S-
M formulas are derived for the plain vanilla payoff function max { S — K, 0 }. Now

a days, there are many B-S-M formulas for various payoff functions.

(c) Detailed work:

During this project we have derived the BSM option pricing formulas for

the following payoff functions

P(K) — P(S;), if K= S;
(Sl { otherwise
_(P(Sr)—P(K), ifSy = K
@R { otherwise
_P(5e) <K, 8 =K
GG { 0 otherwise

{K—P(ST), i Ke5,

LS4 0 otherwise

Where P(x) satisfies the following:

(D) P(x)=a, xPs + ... +4aP2 + 08 +ay. , 00, = Paa™ . 2P > 0,pi,
a3 ERnNnEN,
(ii)P(x) is a nondecreasing polynomial on [0, ).

(1) and (2) are known as the symmetric fractional polynomial payoff
functions and (3) and (4) are known as the asymmetric fractional polynomial

payoff functions



(d) Results and Conclusion:

From the deivation of BSM option pricing formulas for the payoff functions

above many well known formulas become special cases. For example

1. Plain vanilla option by taking p(x) = x .
2. The standard power option by taking p(x) = x?

n
3. The powered options by taking p(x ) = Z (—1)"‘i(n7ii) Kniyt
i=1

n

. a;x" wherea; >0
i=1

4. The general power options By taking p(x ) = ).

5. The parabola option by taking p(x) =a,;x + a, x?

(e) Details of publication:

(i) The paper entitled “Option Pricing Formulas for Fractional Polynomial Payoff
Functions” has been published recently in the “International Journal of Pure and
Applied Sciences”, Volume 6 (1), 2013,page 43-48. :

(ii) We also presented this paper in the national seminar on “Analysis, Geometry
and Applications” held in the Department of Mathematics, Sardar Patel University
on 7- 8 March 2013.



