
CHAPTER I

INTRODUCTION

1.1 Background

Field of investment is growing rapidly in the last few decades. People invest be-
cause they simply want more: more money, more clothes to wear, more gadgets.
However, the basic idea of investment is to save for the future. Because the future is
uncertain, we want to make sure that we can still sustain for the next years or maybe
for the next decades. Nevertheless, risks also exist in investment. Sometimes the
risk might be small; sometimes the risk might be huge. There are also an important
saying in Finance: "High risk, high return". Some people don’t have the guts to
take the high risk for the high return. We want to get the maximum return with the
minimum risk as possible. That’s why option was invented: to reduce the risk.

Futhermore, one would ask: how much does the option worth? With the develop-
ment of Stochastic Analysis, people were trying to assess the price of the option.
Finally, in 1973, Fischer Black and Myron Scholes derived a partial differential
equation, Black-Scholes equation [5] which models the price of the option over-
time. After that, the model became so popular because it is easy and practical to
use. However, because the model has lots of limitation, people developed many
models to depict the option price. Then, in 1993, Steven L. Heston invented the so-
called Heston Model [10]. This model offers a practical method toward stochastic
volatility.

Nonetheless, finding the analytic solution of Stochastic problems is always not easy.
The equation Heston used is Stochastic Differential Equation (SDE). Everything
uncertain is hard to deal with. This is when numerical methods become so handy.
In this thesis, Monte Carlo method is used to tackle the problem.

1.2 Research Questions

The Objectives of this thesis is, first, to construct an option pricing model under
Heston model for specific option, which is American Call option. The volatility
in Heston model is not constant. Next, the second objective is to build the simu-
lation to price the option. Monte Carlo method for Euler Scheme, with Steepest
Descent and Golden Ratio methods, is used for simulation of the problem.
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1.3 Review of Literature

Option is an important instrument in Finance because of its ability in reducing risk.
Hence, pricing option has become a major objective for financial practitioners. Af-
ter the discovery of Black-Scholes model in 1973, many practitioners have used it
to calculate the option price:

dSt = µStdt +σStdWt ,

with St is the stock price at time t, µ is the return and σ the volatility of the stock,
and Wt is a standard Brownian motion. Here, µ (mean) and σ (volatility) are con-
stants. Yet, there are unavoidable limitations in using Black-Scholes model, which
affect the reliability of the model. One of the limitations is the stock prices are nor-
mally distributed with known mean and variance [10].

To the limitation of the Black Sholes model: constant volatility, Heston developed a
new technique to derive the price of the option. In his paper [10], Heston added one
more Stochastic Differential Equation for stock volatility, which makes the Heston
model more reliable than Black-Scholes:

dσt =−βσtdt +δdWt2,

with the modified old equation:

dSt = µStdt +σtStdWt1.

Here, St is the stock price at time t, µ is the return and σ the volatility of the stock,
β is a drift constant, and Wt1 and Wt2 is a standard Brownian motion He successfully
derived the closed form for European call option pricing. The model could also be
extended to price bond and currency options.

Although there exists a closed formula for European call option, the solution for
other types of option might not exist. Lin (2008) [16] elaborated the use of Fi-
nite Difference method to solve Heston PDE. Alternating Direction Implicit (ADI)
scheme was used it the method. The use of ADI scheme was quite successful. The
scheme is reliable for European call option. However, Kjellin (2006) [13] used the
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Finite Difference method with explicit scheme failed to solve the problem because
of the instability of the scheme.

Maximum likelihood method is known as one of the powerful method to estimate
the parameters. The problem in modelling the price using Heston model is the
likelihood function for Heston is not known in the closed form [15]. We need to
estimate the likelihood function using transition function. Ait and Kimmel (2007)
[2] developed an approximation of likelihood function of Heston model.

There is one significant problem in simulating Heston model. Because vt moves
randomly, it is possible that vt will move below zero, which is undefined. Clearly,
variance, vt should be larger or equal to 0. There is condition to make sure that vt

never goes below zero [3]. However, in typical applications, that condition is rarely
found.

1.4 Model Assumptions

There are several assumptions used in the model.

1. We use options which mature in 2 weeks (10 days) or less.

2. The interest rate is constant.

3. There is no dividend.

4. 1 year consist of 250 days.

5. There is no arbitrage opportunity.

1.5 Methodology

The work will be done in few steps:

1. Studying Literature
We need to identify and observe the problems first. We need to find any
resources which are related to our problems, such as journals, books, articles.

2. Collecting Data
To do simulation, we need data, such as stock prices and option prices. We
will use Yahoo Finance as our source of data.

3



3. Constructing Program
In this step, we will construct a program for simulation based on the literature
study.

4. Running Simulation
Next, we will run some simulations to solve our problems. We will compare
the result with the market prices.

5. Drawing Conclusion
Finally, we will analyze the results from simulations and draw conclusions.

1.6 Overview of Chapters

This thesis will consist of several chapters:

1. Chapter I, which consists of background, research questions, review of liter-
ature, model assumptions, methodology and overview of chapters;

2. Chapter II, which explains the concept of stochastic processes, including
stochastic integral and stochastic differential equations (SDE);

3. Chapter III, which explains the financial theories and terms, including op-
tions and also Heston model;

4. Chapter IV, which explains the numerical methods for simulation, which are
Monte Carlo method for Euler scheme, Steepest Descent method and Golden
Ratio method;

5. Chapter V, which focuses on the simulation of the model, the analysis of the
results and improvements; and

6. Chapter VI, which consists of conclusion and future works.
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