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ABSTRACT 

The topic was about Monte Carlo simulation. As stronger computers were built and easy to reach, 

the researchers today were more relied on computer aided application than ever. In the financial 

field, the studies were very concentrated on probability and statistics models. Due to the 

stochastic nature of the financial market, Monte Carlo simulation was a brilliant idea for studying 

the behavior of the financial instruments.  

 

In this paper, the readers were standing at the present. All, in the past, were considered history 

and the information as historical data. All, in the future, were considered unknown, on the other 

hand. Monte Carlo simulation was introduced for helping the unknown part, based on certain 

mathematical model, such as Geometric Brownian motion.  

 

Accompany with the theories, a Java application for Windows was programmed and tested. It 

aimed to help readers understanding the ways to implement Monte Carlo simulation in financial 

market. In addition, the application could be considered a vivid example for the theories came 

with this paper. The application adopted the same concept as mention in the previous paragraph. 

Standing at present, it calculated the historical data, obtained the statistics, and simulated for the 

future.   

 

Keywords: Monte Carlo, simulation, Java, application, Geometric Brownian motion, portfolio, 

random number, central limit theorem 
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1   INTRODUCTION 
Numerical methods that are known as Monte Carlo methods can be loosely described as 

In studying financial market, the performance of the markets was strongly believed to follow 

lognormal distribution. In financial mathematics, it was assumed that the market repeated itself 

continuously. It suggested that, standing at the present, looking into the future, the history was a 

mirror. It gave hints to the future market. Though, the future was considered stochastic. In 

simulating the future, the key elements were still the statistics or measurements calculated on 

historical data.  

 

In most of the cases, the researchers started at the historical data. They calculated the sample 

mean, variance, standard deviation, skewness, and etc. Then, they attempted to fit these data into 

chosen mathematical model for thousands of times simulations, on the future performances of 

financial markets. It was the concept of Central Limit Theorem, which would be introduced in the 

later section. Therefore, Monte Carlo simulation would be introduced since it would serve the 

concept of Central Limit Theorem, perfectly. However, after a long period of intensive studies on 

financial markets, there were researchers questioning the fitness of such simple calculations on 

future models. They suggested many modifications on these historical statistical measurements 

before applying them for models. But, as widely accepted, the study of financial market was 

defined as: short, middle, long terms, depended on the duration of the historical data encountered. 

Agreed on this point, the methods of adjustment would be varied, due to different period studied. 

Before proceeded to the next section, in this paper, it was defined that the basic textbook 

assumptions would be followed. It meant that there would be no modification on the statistics 

calculated in the paper.  For the same reason as simplifying the approach, the word ‘prediction’ 

would not be used in this paper. The purpose of the study was not about the predictions on the 

future market. It might help to distinguish the concept of prediction and simulation. The theories, 

calculations, and later the Java application serve the concept of simulation on the future equity 

portfolios.  

 

The paper would begin with theories: Monte Carlo simulation, Central Limit Theorem, and 

Portfolio theories, in section 2. In section 3, a well packed Java application would be introduced 

for showing a practical implementation on the theories. Finally, the conclusion would be drawn 

as the summary of this paper.  
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2 THEORY1 

The numerical method, Monte Carlo simulation, had the same meaning as Random simulation, 

Random Sampling, or Statistical simulation. In general, it was described as a statistical 

simulation method based on sequences of random numbers.  This method was original from the 

Manhattan Project of World War II, which was designed for developing the first atom bomb, in 

the world. John von Neumann, one of the chief mathematicians of the project, named this method 

after the city ‘Monte Carlo’, the capital of Monaco, because of the similarity of statistical 

simulation to games of chance. Since Monte Carlo was a center of gambling, it made the method 

mysterious. 

 

The basic idea of Monte Carlo simulation was discovered and applied for centuries before the 

Manhattan Project. Earlier in the seventeenth century, people already knew that the frequency of 

something happened might be used to represent the probability. In nineteenth century, people 

applied it for approaching the value of π. Today, it was a commonly used method in many diverse 

fields, from the simulation of complex physical phenomena to the mundane.  

 

“The analogy of Monte Carlo methods to games of chance is a good one, but the ‘game’ is a 

physical system, and the outcome of the game is not a pot of money or stack of chips (unless 

simulated) but rather a solution to some problem. The ‘winner’ is the scientist, who judges the 

value of his results on their intrinsic worth, rather than the extrinsic worth of his holdings.” 

(Monte Carlo Simulation) 

 

By interpreting the previous paragraph, it was supposed that, the unknown χ was the expected 

value of independent variables X1, X2, …, Xn. The approximate approach to the value of χ was to 

sample N independent value of X, and then calculate the average value of Xs for the value of χ. 

So, it should be: 

1

1 N

N n
n

X
N

ξ
=

= ∑     (2.1)  

                                                 
1 The contents of this section were learned from an online text book. For detail, see Monte Carlo Simulation. 
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By Komogoro’s Strong Law of Large Number,   

 1)lim( ==
∞→

χξNN
P     (2.2) 

So, when N was large enough, the formula   

 χξξ =≈ )(EN     (2.3) 

had a probability one. It implied that Nξ could be an ideal estimator for χ.  

 

“Statistical simulation methods may be contrasted to conventional numerical discretization 

methods, which typically are applied to ordinary or partial differential equations that describe 

some underlying physical or mathematical system. In many applications of Monte Carlo, the 

physical process is simulated directly, and there is no need to even write down the differential 

equations that describe the behavior of the system. The only requirement is that the physical (or 

mathematical) system be described by probability density functions (pdf). Once a pdf is known, 

the Monte Carlo simulation can proceed by random sampling from the pdf. Many simulations are 

then performed (multiple ‘trials’ or ‘histories’) and the desired result is taken as an average over 

the number of observations (which may be a single observation or perhaps millions of 

observations). In many practical applications, one can predict the statistical error (the ‘variance’) 

in this average result, and hence an estimate of the number of Monte Carlo trials that are needed 

to achieve a given error.” (Monte Carlo Simulation) 

 

When applying Monte Carlo simulation for solutions, the simplest way was to simulation an 

event A with a probability of p. Consider a random variable ξ, 

1;  if the output of an experiment was A
0; otherwise                                          

ξ
⎧

= ⎨
⎩

  (2.4) 

Let q = 1 – p, the expected value and variance of ξ would be,  

E(ξ) = 1 × p + 0 × q = p    (2.5) 
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σ2(ξ) = E(ξ – E(ξ))2 = p – p2 = pq   (2.6) 

Among N experiments, if A occurred υ times, the frequency variable υ was also random variable. 

The expected value and variance of υ would be, 

E(υ) = Np     (2.7) 

 σ2(υ) = Npq      (2.8) 

Let p  = υ / N denoted the frequency of event A occurred. By Komogorov’s Strong Law of Large 

Number,  

 ( )p E p
N
υ ξ= ≈ =     (2.9) 

had a probability one. It implied that p  = υ / N
 
was a good estimator to p.  Finally, the variance 

could be estimated by, 

( ) ( ) ( )2 2 1
1

p p
p p

N
σ σ

−
≈ =

−
   (2.10) 

In general, Monte Carlo simulation could be built for problems of any kind. The following were 

the major components of Monte Carlo simulation.2 It could be necessary to notice that any 

mathematical model for the Java application of this paper should satisfy them.  

1. Probability density function, pdf: a mathematical model must be described, in this paper, see 

Geometric Brownian Motion 

2. Random number generator: basically, it should generate uniformly distributed random 

numbers, see The Generating of Random Numbers 

3. Sampling rule: a prescription for sampling from the specified pdf, in this paper, normal 

distributed random numbers were generated 

4. Scoring: the outcomes must be accumulated into overall scores for the quantities of interest 

5. Error estimation: an estimate of the statistical error (variance) as a function of the number of 

trials and other quantities must be determined 
                                                 
2 For detail, see Monte Carlo Simulation. The original site might give detail instruction on each of the component. 
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6. Variance reduction techniques: methods for reducing the variance in the estimated solution to 

reduce the computational time for Monte Carlo simulation  

7. Parallelization and vectorization: algorithms to allow Monte Carlo methods to be 

implemented efficiently on advanced computer architectures 

2.1 Monte Carlo Simulation3 

Monte Carlo simulation, in a broad view, was a computer experiment. In study modern science, 

especially social science, researchers were more demand probability and statistics for analyzing 

their studies. As a result, the stochastic processes were more complicated, than ever. With those 

sophisticated stochastic models, the researchers attempted to approach some findings in their 

study areas. Due to the complexity of those models, it made the solutions harder to find. 

Therefore, Monte Carlo simulation, at present, was more demanded for such helps.   

For whatever it was defined. Monte Carlo simulation was designed for solving mathematical or 

physical problems. In order to implement Monte Carlo simulation, the mathematical base should 

be solid for underlying problems. In this section, the paper attempted to give a brief introduction 

on these mathematical and statistical grounds.  

2.1.1 Mathematical Background 

Throughout this paper, Central Limit Theorem and Strong Law of Large Number (Komogorov) 

would be applied many times. In this section, the definitions of them would be given thoroughly.  

 

 Strong Law of Large Numbers For a family of iid random variables X1, X2, …, 

suppose that the mean µ = E[X1] exits. Then, 

 1 2lim n
n

X X X
n

μ
→∞

+ + +
=     (2.1.1) 

with probability one.  

                                                 
3 For text book instructions, see Kijima. The section was a directly quoted from the text book with author’s 
understanding. In some part of the description, methods were tried to be matched with the application came with this 
paper.  
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This theorem ensured that as the quantity of sample, n, approached infinite, ∞. The sample mean 

converged to the population mean. It was the theoretical base for taking sample mean as an 

acceptable estimator for population mean, if the sample was large enough. Moreover, if a partial-

sum process {Sn} could be defined as:  

Sn = X1 + X2 + … + Xn, n = 1, 2, …   (2.1.2) 

Then, E[Sn] = nµ (2.1.3),  and var[Sn] = nσ2  (2.1.4)  

Central Limit Theorem For a family of iid random variables X1, X2, …, 

with finite mean µ and finite variance σ2 > 0, define 

 1 2 n
n

X X X nZ
n

μ
σ

+ + + −
= ,  n = 1, 2, …  (2.1.5) 

Then,  { } ( )lim nn
P Z x x

→∞
≤ = Φ ,   x∈   (2.1.6) 

where Ф (x) is the standard normal distribution function.4  

Central Limit Theorem could be proved by Moment Generating Function (MGF). Supposed that 

X ~ N (µ, σ2) was a random variable with moment generating function. By transforming X to 

standard normal distribution Y = (X – µ) / σ, Y ~ Z (0, 1). The moment generating function of Y 

would be denoted as mY(t). Since Xis were independent, Yis were independent, and: 

 
1

1 n

n i
i

Z Y
n =

= ∑     (2.1.6) 

Then,  ( )
1

exp
nn

i
n Y

i

Y tm t E t m
n n=

⎡ ⎤ ⎡ ⎤⎧ ⎫ ⎛ ⎞= =⎨ ⎬⎢ ⎥ ⎢ ⎥⎜ ⎟
⎝ ⎠⎩ ⎭ ⎣ ⎦⎣ ⎦

∑   (2.1.7) 

Because, mY (0) = 1,    

                                                 
4 Normal distribution and standard normal distribution would be introduced in section Normal Distribution, later in 
this paper.  
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 ( ) [ ]' 0 0Y im E Y= =         (2.1.8)        and       ( )'' 20 1Y im E Y⎡ ⎤= =⎣ ⎦      
(2.1.9) 

From, Taylor’s expansion, 

 ( ) ( )
2 3

'''1 0 1 0
2 3!Y Y
t tm t t m= + × + × + × +   (2.1.10) 

By Formula (2.1.7), 

 ( ) ( )3 '''2 0
1

2 3!

n

Y
n

t mtm t
n n n

⎡ ⎤
= + + +⎢ ⎥
⎣ ⎦

   (2.1.11) 

By introducing the result, lim nn
a b

→∞
=

    
⇒     lim 1

n
bn

n

a e
n→∞

⎡ ⎤+ =⎢ ⎥⎣ ⎦
, then, 

( ) 2 / 2lim t
nn

m t e
→∞

=     (2.1.12) 

Formula (2.1.12) was the moment generating function of standard normal distribution, therefore, 

Central Limit Theorem proved.  By the theorem, it suggested that sampling Xi from population 

with mean µ and variance σ2. The probability distribution of {Sn} could be approximated by 

normal distribution, N (nµ, nσ2), with sufficient large number of samples. It could be seen, now, 

that it was the theory base for Monte Carlo simulation.  

2.1.2 The Implementation 

Having the theories for Monte Carlo simulation, it proceeded to the idea of implementation. It 

was mentioned in the Theory section that before Monte Carlo simulation, a statistical model 

should be built. And, after the simulation, the variance should be analyzed. How these two 

components could be practical? This section would give answers. 

 

Supposed that iid random variable X, h(x) was a statistical model built for Monte Carlo 

simulation. h(X) should be random variable, accordingly. Then, Strong Law of Large Numbers 

ensured that,  
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( ) ( ) ( ) ( )1 2
1lim n

n

h X h X h X
E h X

n→∞

+ + +
= ⎡ ⎤⎣ ⎦   (2.1.13) 

with probability one. Therefore, if the sample space was large enough, it could be seen how 

Monte Carlo simulation worked. For a complicated example, said an integral of
1

0
( )I g x dx= ∫ . It 

supposed that the calculation of such an integral was difficult, or sometimes, impossible. Then, if 

the integral could be transformed as following, with f(x) as the pdf of X over [0, 1],  

( )
( ) ( )

1

0
( )

g x
I f x dx E h X

f x
= = ⎡ ⎤⎣ ⎦∫ ,  ( )

( )
( )

g x
h x

f x
=   (2.1.14) 

Then, the integral could be estimated by Formula (2.1.13), with sufficient large samples and had: 

( ) ( ) ( )1 2 n
n

h X h X h X
I Z

n
+ + +

≈ =    (2.1.15)  

Now, the answer for fitting statistical model was briefly reviewed. The next answer was about 

reading the simulation result. By Central Limit Theorem, continued with the previous integral 

example, nZ  was approximately normally distributed with mean E[h(X1)] and variance σ2/n, 

where σ2 = var[h(X1)] . The confidence interval could be given as following, by Chebyshev’s 

Inequality:5 

{ }nP Z I ε α− ≤ = ,  ε > 0   (2.1.16) 

By standard normal transformation,  

/ / /
nZ IP

n n n
ε ε α

σ σ σ
− −⎧ ⎫

≤ ≤ =⎨ ⎬
⎩ ⎭

, α was the confidence level (2.1.17) 

And, the variance σ2 could be approximated by the sample variance, 

 ( ) 22

1

1
1

n

i n
i

S h X Z
n =

= −⎡ ⎤⎣ ⎦− ∑    (2.1.18) 

                                                 
5 See Kijima 39, 172.  
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2.2 The Generating of Random Numbers 

Another key to succeed Monte Carlo simulation was the generating of random numbers. 

Researchers believed that the quality of the random numbers played an important role.  

2.2.1 Random Variables6 

For experiments, there was always more than one outcome. Otherwise, the purpose of doing the 

experiments could be questioned. The probability structure of experiments could be huge and 

complex, if they ended up with many outcomes. “For example, in an opinion poll, we might 

decide to ask 50 people whether they agree or disagree with a certain issue. If we recode a ‘1’ for 

agree and ‘0’ for disagree, the sample space for this experiment has 250 elements, each an ordered 

string of 1s and 0s of length of 50.” (Casella and Berger) It revealed that, even for a simple 

experiment, the probability structure could huge. In practical, each time, researchers might only 

care a single outcome. As the example, only people agreed with the given issue were interested. 

If a variable, X = number of 1s recorded out of 50, could be defined. The sample space only 

included, {0, 1, 2, …, 50}. Then, the probability structure could be heavily reduced. Before 

proceed, the following definition was needed.  

Definition 2.2.17 A random variable is a function from a sample space S into real 

numbers.   

It suggested that to define random variable, the original sample space was mapped into the new 

sample space with real numbers. Let’s take an example to clear this concept.  

 

Example 2.2.18 Suppose a sample space S = {s1, …, sn} with a probability P. 

And, X was a random variable with range χ = {x1, …, xm}. A probability function PX 

on χ would be defined in the following way: 

( ) ( ){ }( ):X i j j iP X x P s S X s x= = ∈ =    (2.2.1) 

                                                 
6 For more details, see Casella and Berger.  
7 See Casella and Berger 27. 
8 For the origin, see Casella and Berger 28. 
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2.2.2 Random Sample9 

Basically, to generate random sample was just the case of generating random variables. To 

calculate the mean value of random variables, it always needed to generate sufficient number of 

random samples. By definition, it was rational to believe that generating random samples was 

important to simulations. In the Java application of this paper, such technique was applied, and in 

this section, a brief introduction should be given.  

Definition 2.2.210 The random variables X1, …, Xn are called a random sample of 

size n from the population f(x) if X1, …, Xn are mutually independent random 

variables and the marginal pdf or pmf of each Xi is the same function f(x). 

Alternatively, X1, …, Xn are called independent and identically distributed random 

variables with pdf or pmf f(x). This is commonly abbreviated to iid random variables. 

It could be read from the definition that, all the random variables, Xi, followed the same 

probability distribution. If only a certain outcome was interested, each random variable gave a 

probability of such an outcome happening. By sampling this a random variable sufficient times, 

the mean of all the sampled, Xi, would be used as an estimate of the real probability of the 

outcome happening. It was the basic concept of generating random samples, by the theories in the 

previous section. 

 

In general, Definition 2.2.2 was dealing with infinite random samples. Because of the size of 

sample, n, was infinite large, Definition 2.2.2 always held true. But, for the case of finite samples, 

there were two situations: sampling with replacement, and without replacement. As picking a 

card from N cards in a hat, initially, the probability to get any card was 1/ N . After the first 

drawing, if the chosen card was put back into the hat, the probability of getting any card was still 

same. Getting any card was independent from the previous drawing. It was the case of sampling 

with replacement. But, if the chosen card was discarded, for the next drawing, there would be one 

card less. And, the probability of getting any other card would be increased to ( )1/ 1N − . It made 

each drawing depended on the previous one. It was invalid to Definition 2.2.2. Consequently, for 

                                                 
9 This section was referred to a standard text book. For the original explanation, see Casella and Berger.  
10 See Casella and Berger 207. 
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the finite sample case, only sampling with replacement would be considered. The calculation of 

mean and variance on random samples was defined in the following ways.  

Definition 2.2.311 The sample mean is the arithmetic average of the values in a 

random sample. It is usually denoted by 

 1

1

1 n
n

i
i

X XX X
n n =

+ +
= = ∑    (2.2.2) 

Definition 2.2.412 The sample variance is the statistic defined by 

 ( )22

1

1
1

n

i
i

S X X
n =

= −
− ∑     (2.2.3) 

The sample standard deviation is the statistic defined by 2S S=  

Fundamentally, all the computer software packages came with random generators for uniformly 

distributed random numbers, X ~ U (0, 1). By mathematical transformations, the uniformly 

distributed random number could be used for obtaining random numbers in any distribution form. 

In this paper, the normal distributed random numbers were used. At the end of this section, it 

would move on to give the explanation on how computers generated random numbers in uniform 

distribution and transformed them into normal distribution form, for the convenience of readers.  

2.2.3 Uniform Random Numbers13 

The random numbers followed standard uniform distribution14 U (0, 1) were called uniformly 

distributed random numbers. Conceptually, it requested all the random samples u1, u2, …, un to 

be independent. If the condition of independence could be satisfied, Definition 2.2.2 held and the 

random numbers could be perfect for science research. Unfortunately, at the time of this paper 

finished, all the computers still generated the so-called pseudo random numbers by the recursive 

formula, as following: 
                                                 
11 See Casella and Berger 212. 
12 See Casella and Berger 212. 
13 See Kijima 162 - 163.  
14 See Kijima 53.  
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xn = (axn-1 + c) (mod m), n = 1, 2, …,    (2.2.4) 

where a, c, and m were properly chosen parameters and mod denoted the remainder of integer 

division. This method was called linear congruential method. It could be seen that xn took value 

from 0 to m – 1. From the linear relationship in Formula (2.2.4), it could be concluded that the 

random samples were not independent. And, observation proved that for a period l (l ≤  m), xn+l = 

xn would happen. In other words, the random numbers were periodically repeated themselves. 

Hence, the setting of parameters a and m were critical. With appropriate choices of these 

numbers, Formula (2.2.4) could be random numbers quite close to iid uniform random numbers.  

The setting of the parameters would not be included in this paper. When running the Java 

application, the ready-for-use random number generator was simply called without any setting 

procedure.  

2.2.4 Normal Random Numbers 

Normal random numbers were generating by the inverse transform method. As an example, let 

F(x) be a standard normal distribution function of a random variable X, X ~ Z (0, 1), defined on 

. Since F(x) was invertible, then the following formulas would help the transformation. 

1( )
d

X F U−= ,  U ~ U (0, 1)   (2.2.5) 

1( )n nx F u−= ,  n = 1, 2, …   (2.2.6) 

It was important to mention that, Formula (2.2.6) was not valid to standard normal distribution. In 

this formula, the inverse function F-1(x) was known in closed form. But, for standard normal 

distribution, it was not true. For that reason, there were some difficulties in such transformation. 

And, the introduction would be ignored in this paper.  

The inverse transform method was not the only way for the transformation. There were many 

different ways. The paper attempted to avoid the comparison and discussion on these other 

methods. If interested, the users might see Kijima for more information.  
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2.3 Normal Distribution15 

Normal distribution was continuous. A normal random variable, denoted by X, with mean µ and 

standard deviation σ was given by: 

 
2

2
( )
21( )

2

x

f x e
μ

σ

σ π

− −

= , – ∞ < x < ∞     (2.3.1) 

It exposed that the probability would be zero if any normal random variable X equaled to any 

particular value itself on the probability density function, and this property holds for all kinds of 

continuous random variables. The notation for a normal random variable would be given as: 

 X ~ N  (µ, σ2)     (2.3.2) 

There was only one special form in normal random variable, standard normal distribution, which 

was widely accepted as standard in the world of probability and statistics. Standard normal 

distribution was defined as a normal distribution with mean 0 and standard deviation 1 and 

denoted as: 

Z ~ N  (0, 12)     (2.3.3) 

What mostly concerned was how to transform a normal random variable, X ~ N (µ, σ2), into a 

standardized normal random variable, Z ~ N (0, 12). The general procedure to standardize the 

normal random variable was as following: 

 
σ
μ−

=
XZ      (2.3.4) 

where the random variable Z was called the standardized form of variable X. In the Java 

application, the pseudo random generator would be used for generating standard normal 

distribution random numbers. In the mathematical model chose for geometric Brownian motion, 

sometimes, the normal distributed variable was called white noise.  

                                                 
15 The section was referring to a standard text book, see Aczel.  
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2.4 Lognormal Distribution16 

For pricing financial instruments accurately, financial institutions and investors needed to draw 

assumptions on the probability distribution, which described the possible price changes in the 

underlying asset. The lognormal model was well suitable for continuous trading models and the 

use of calculus. In this section, this model would be introduced for evolution of asset prices. It 

would be easily seen that the model would provide a fair approximation to the actual evolution of 

asset price movements. 

 

The lognormal distribution was the most widely model used in financial economics. The reason 

for this was the simplicity and great benefits achieved using the model. Having some reasonable 

assumptions about the random behavior of stock returns, lognormal distribution could be applied.  

Since the underlying asset concerned in this paper was stock shares, lognormal distribution would 

be introduced for the behavior of them. As shown in Figure 2.4.1, the time interval [0, T] was 

equally divided into n sub-intervals of length Δ. By examining the behavior of stock shares in 

each interval, the whole time interval would be understood.  

 
Figure 2.4.1  Stock Price Trajectory17 

 
 

                                                 
16 For the detail text book introduction, see Jarrow.  
17 This figure was originally from the text book, modified with historical data, see Jarrow 91. 
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Let S(t) denote the underlying price at time t and  zt denote the continuously compounded return 

on the underlying over the time interval [t – Δ, t],  then,  

( ) ( ) tzS t S t e= − Δ     (2.4.1) 

It could be read that the underlying price as time t was its value at time (t – Δ) multiplied with 

exponent raised to zt. As mentioned previously in Figure 2.4.1, the whole time interval was 

divided into n equally sub-intervals. It made T = nΔ. For the underlying price, at time 0 and T, it 

would be S(0) and S(T), respectively. Then, the following relationship would be true: 

( ) ( ) ( 2 ) ( )( ) (0)
( ) ( 2 ) ( 3 ) (0)
S T S T S T SS T S

S T S T S T S
⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤− Δ − Δ Δ

= × × ×⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥− Δ − Δ − Δ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦
 (2.4.2) 

By substituting Formula (2.4.1) into Formula (2.4.2), it was true that: 

 

2( ) ( 2 ) ( 3 ) (0)( ) (0)
( ) ( 2 ) ( 3 ) (0)

T T TZ Z Z ZS T e S T e S T e S eS T S
S T S T S T S

−Δ − Δ Δ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤− Δ − Δ − Δ
= × × ×⎢ ⎥ ⎢ ⎥ ⎢ ⎥ ⎢ ⎥− Δ − Δ − Δ⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦

 

     (2.4.3) 

2( ) (0)T T TZ Z Z ZS T e e e e S−Δ − Δ Δ⎡ ⎤ ⎡ ⎤ ⎡ ⎤ ⎡ ⎤= × × ×⎣ ⎦ ⎣ ⎦ ⎣ ⎦ ⎣ ⎦   (2.4.4) 

 

Formula (2.4.4) could be further simplified and got: 

( ) ( ) 2 30 TZ Z Z ZS T S e Δ Δ Δ+ + + += ×    (2.4.5) 

Therefore, for the whole life cycle, [0, T], of the underlying asset, continuously compounded 

return would be read from Formula (2.4.5) as: 

Z(T) = zΔ + z2Δ + z3Δ + … + zT   (2.4.6) 

By Formula (2.4.1), it could be transformed that ( ) ( ) ( )ln / 0Z T S T S= ⎡ ⎤⎣ ⎦ , on [0, T]. And, Z(T) 

was, therefore, accumulated by the continuously compounded returns over all the n intervals. It 

revealed that, to get the characteristics of the whole time interval, it might be good to start with 
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each sub-interval. Having this point in mind, the introduction would move on with some 

conditions on the probability distribution for the continuously compounded returns zt in each sub-

interval. These conditions were suggested by empirical studies. With these conditions, lognormal 

distribution could be applied for underlying assets. 

Two assumptions:18 

Assumption A1 The returns { tz } are independently distributed 

Assumption A2 The returns { tz } are identically distributed 

Assumption A1 handled with the situation that zt, the return over the interval [t – Δ, t], had no 

power for predicting the return zt+Δ over the next interval [t, t + Δ]. Since, they were claimed to be 

independent from each others, the returns did not rely on any other return. Assumption A2 dealt 

with the situation that the return zt did not depend upon the previous underlying price S(t – Δ). 

Since, the return over current interval, zt, was independent from return over the previous interval, 

and the nominal price of underlying at the end of last interval. The underlying price represented, 

perfectly, a random walk, which would be the general form of the Geometric Brownian motion 

introduced later in this paper. Moreover, the financial markets with such characteristics were 

always believed to be efficient.  

 

The previous assumptions cared about each equally divided sub-interval. It gave no constraint on 

the size of the sub-interval. When began the problem, it only mentioned that the time interval [0, 

T] was equally divided into n sub-intervals. As the number n changed, the size of the sub-

intervals would be changed, accordingly. The lognormal distribution studied in the paper was 

about a continuous model. It would be a general approach to let the number n to approach 

infinity, ∞. As a result of increasing n, the size of each sub-interval would be declined. To make 

sure that as such size changes on sub-interval would not affect the properties given by 

Assumption A1 and A2, the following two assumptions seemed to be necessary.   

 

                                                 
18 These two assumptions were copied directly from the standard text book, see Jarrow 92. In order to avoid the lose 
of accuracy in translation, they were given in this paper with exactly the same as words as they were printed in the 
reference. 
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Two more assumptions:19 

Assumption A3 The expected continuously compounded return can be written in 

the form 

 E[zt] = µΔ    (2.4.7) 

 where µ is the expected continuously compounded return per 

unit time. 

Assumption A4 The variance of the continuously compounded return can be 

written in the form  

 var[zt] = σ2Δ    (2.4.8) 

 where σ2 is the variance of the continuously compounded return 

per unit time . 

The mathematical meanings of the two assumptions, as shown in Formula (2.4.7) and (2.4.8) 

were intuitive. They represented the expected return and variance on each sub-interval. With the 

appearance of Δ, it implied that the, take the whole interval [0, T] as a whole, the two moments of 

underlying assets was proportional to the size of sub-intervals. As the number n increasing, Δ 

decreasing, then both the expected value and variance on each sub-interval would decline, 

proportionally.  

 

These assumptions ensured the convergence of the underlying prices, as well as implied that, 

there was no simple way to transform the prices into any fixed value. They constrained that all 

the return, zt, performed similar and random on each interval across the whole time interval. They 

were independent from each other and magnified with the change of size on sub-intervals. By 

applying Assumption A2, A3, and A4, interactively, the following formulas for expected return 

and variance on interval [0, T] would be obtained. 

                                                 
19 These two assumptions were copied directly from the standard text book, see Jarrow 93. In order to avoid the lose 
of accuracy in translation, they were given in this paper with exactly the same as words as they were printed in the 
reference. 
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( ) ( ) ( ) ( )2
1

n

T
i

E Z T E z E z E z n Tμ μ μΔ Δ
=

= + + + = Δ = ⋅ Δ =⎡ ⎤⎣ ⎦ ∑  (2.4.9) 

 ( ) ( ) ( ) ( ) 2 2 2
2

1

var var var var
n

T
i

Z T z z z n Tσ σ σΔ Δ
=

= + + + = Δ = ⋅ Δ =⎡ ⎤⎣ ⎦ ∑  

      (2.4.10) 

 

By examining Formula (2.4.9) and (2.4.10), it could be easily seen that, by Assumption A1 to A4, 

if the interval numbers, n, approached infinite, ∞, as mentioned previously, the returns, zt, was 

normal distributed with mean µΔ and variance σ2Δ. This finding could be proved by Central 

Limit Theorem. Since Z(T) was the accumulated results as indicated by Formula (2.4.6). Z(T), 

itself, was normal distributed with mean µT and variance σ2T. Because of the formula, 

( ) ( ) ( )ln / 0Z T S T S= ⎡ ⎤⎣ ⎦ , S(T) was considered lognormal distributed. After the two sections, 

Figure 2.4.2 gave a comparison of normal and lognormal distribution discussed.  

 
Figure 2.4.2 Comparison of Normal Distribution with Lognormal Distribution 

T Tμ σ+T Tμ σ− Tμ

 

2.4.1 Geometric Brownian Motion20 

Geometric Brownian model was a continuous-time stochastic process, an example of random 

walk. Continue with the previous section,21 the underlying prices, S(t), 0 ≤ t ≤ T, followed a 

                                                 
20 For reference, see Ross. The mathematical model given in the section would be the model used by the Java 
application introduced in the following section for Monte Carlo simulation.  
21 In this section, for reader’s convenience, all the denotations would keep the same as they appeared in the section 
lognormal distribution, without further notice.  
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geometric Brownian motion with mean µ and standard deviation σ, since the assumptions made 

for S(t + Δ) / S(t). In addition, as lognormal distribution, ln [S(t + Δ) / S(t)] was normal distributed 

with mean µT and variance σ2T.  These amazing properties showed that, having µ and σ decided, 

each underlying price only depended on the price one step prior to it. It was no use to include all 

the historical prices for the determination of current price. In some cases, it might release some 

characteristics of Martingale. Anyhow, the Martingale property would not be introduced. For 

readers interested in this property, they might refer to Kijima, for detail explanations.  

 

When studying the properties of geometric Brownian motion, it revealed that how powerful 

Assumption A1 to A4 made in the previous section were. It was still valid that the current return 

was not dependent on the previous price. Put all these together, the formula would be given as: 

[ ] 2( / 2)( ) (0) tE S t S e μ σ+= ×     (2.4.11) 

It revealed that, under geometric Brownian motion, the underlying prices grew at a rate of µ + 

σ2/2. Given initial price S(0), the expected value of underlying price at time t, relied on both of 

the parameters. But, this model was not good enough for Monte Carlo simulation, yet. As 

Formula (2.4.11) showed that, there was no place for random numbers. When applying the 

simulation, both µ and σ would be obtained as constants before the sampling procedure. If the 

mathematical model would be implemented in such a way, there would be no place for random 

number. To satisfy the principles mentions in Theory section, Formula (2.4.11) needed to be 

modified before Monte Carlo simulation. Therefore, some stochastic calculus would be 

introduced in the following part.22 To summary the previous discussions, the underlying price at 

time t, S(t), could be: 

 

 S(t) = S(0) × eZ(t), [0, )t∈ ∞ ,  where Z(t) ~ N (µt, σ2t) (2.4.12) 

By stochastic calculus,   

dZ(t) = µdt + σdW(t),  W(t) was a Wiener process  (2.4.13) 

                                                 
22 For complete information and proof, see Neftci 352. 
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By Ito’s Lemma,  

( ) ( ) ( ) 21( ) (0) (0)
2

Z t Z tdS t S e dt dW t S e dtμ σ σ⎡ ⎤= × + + × × ×⎡ ⎤⎣ ⎦ ⎣ ⎦  (2.4.14) 

After substituting S(t), Formula (2.4.12),  

( ) ( )21( ) ( ) ( )
2

dS t S t S t dt S t dW tμ σ σ⎡ ⎤= + +⎢ ⎥⎣ ⎦
  (2.4.15) 

Now, a new term, ρ = r – σ2/2, would be introduced, where r was supposed to be risk-free interest 

rate. 23 If µ and the Wiener process W(t), in Formula (2.4.12), could be replace by ρ and ( )W t , 

respectively, then,  

 ( ) ( )21( ) ( ) ( )
2

dS t S t S t dt S t dW tρ σ σ⎡ ⎤= + +⎢ ⎥⎣ ⎦
  (2.4.16) 

 ( ) ( )2 21 1( ) ( ) ( ) ( )
2 2

dS t r S t S t dt S t dW tσ σ σ⎡ ⎤= − + +⎢ ⎥⎣ ⎦
  (2.4.17) 

Finally,  ( ) ( ) ( ) ( )dS t rS t dt S t dW tσ= +    (2.4.18) 

Formula (2.4.18) was close to the final mathematical model used for the Java application. In it, r 

denoted the risk-free interest rate. Because the Java application was so simple that it would not 

consider such an interest-rate. In the final solution, it would be replaced by the mean, µ, 

calculated from the historical data. The idea was that, when discussing financial market, it was 

assumed that the market always repeated itself. Since, µ was the average return on history, it 

would be assumed to be the risk-free rate in the Java application. Moreover, the application 

would generate standard normal distributed random numbers as the term ( )dW t . Along with all 

the modifications, the final model applied was: 

dS(t) = µS(t)dt + σS(t) × Z (0,1)   (2.4.19) 

                                                 
23 For complete information and proof, see Neftci 350 - 151.  
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2.5 Portfolio Theory 

Finally, in this theory section, portfolio theory would be given in the following part. It could be 

necessary to include this part, because in the Java application all the securities would be 

transformed to portfolios for Monte Carlo simulation. It meant that, if any single security was 

considered to be simulated, it could be treated as a portfolio with 100% the security, itself.  

 

In financial and business world, they had portfolio theories. They might explore the relationship 

of different securities in the modern financial world. It also suggested that such relationship 

between securities was not as simple as 1 + 1. Therefore, in this part the general theories would 

be given, at the beginning.  

Due to the computer capability and the programming simplicity, the Java application would 

handle the portfolios in a slight different way. It raised the question that, if the calculations 

applied by the Java application could be supported by the general portfolio theories. After the 

introduction of general theories, the calculation of this application would be explained. And, 

finally, the purpose was to prove that, such calculations were inline with general portfolio 

theories.  

2.5.1 Overview24 

Investment came with risk. The concept of risk suggested that “investors could no longer 

associate a payoff with investment in any asset. The payoff must be described by a set of 

outcomes each with a probability of incidence, called a return distribution.” (Elton, Gruber, 

Brown, and Goetzmann 44) In financial studies, there were two basic values for revealing the 

character of a return distribution: expected return and standard deviation. Expected return was 

used to measure the average. In calculating, the following two formulas were used frequently: 

 

1

M
ij

i
j

R
R

M=

=∑  (2.5.1) or 
1

M

i ij ij
j

R p R
=

=∑  (2.5.2) 

  

                                                 
24 For much detail instruction, see Elton, Gruber, Brown, and Goetzmann. 



A JAVA BASED SOLUTION    

 22

In Formula (2.5.1), Rij denoted the jth possible return on underlying i. The expected return, iR , 

was the arithmetic average of all the possible returns. If the outcome were not equally likely to 

happen, Formula (2.5.2) was always used. In it, pij represented the probability of the jth possible 

return on underlying i. 

 

Standard deviation was the risk measurement. It was the square-root of variance, which was for 

measuring the dispersion around the mean. In calculating, as the expected return, there were two 

common formulas as following.  

 

( )2

2

1

M
ij i

i
j

R R
M

σ
=

−
=∑  (2.5.3) or ( ) 22

1

M

i ij ij i
j

p R Rσ
=

⎡ ⎤= −⎣ ⎦∑  (2.5.4) 

 
Having the variance, standard deviation (or risk) could be obtained by 2

i iσ σ= . For any single 

asset, these two measurements were basic. 

 

Now, supposed a given initial wealth W0 to be invested among M different risky underlying. wi 

was the amount invested in underlying i (i = 1, …, M). After the first period, the ith underlying 

had a market return of ri. So, at the end of period one, the new wealth would be: 

1 .
1

M

i i
i

W w r
=

= ∑      (2.5.5) 

In this scenario, the distributed wealth w1, …, wn was called a portfolio.  

2.5.2 General Calculations25 
2.5.2.1 Expected Return 

The calculation of expected return on portfolios was also intuitive. It was just the weighted 

average return of all the member assets. Let’s Rpj denote the jth return on a portfolio, and X the 

fraction of total wealth invested in ith asset. If totally M underlying assets were included, the 

following formula would be true.  

                                                 
25 See Elton, Gruber, Brown, and Goetzmann. 
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1

M

pj i ij
i

R W R
=

= ∑     (2.5.6) 

Then, the expected return on the same portfolio could be obtained by the following calculations.  

( )
1

M

p p i ij
i

R E R E W R
=

⎛ ⎞= = ⎜ ⎟
⎝ ⎠
∑    (2.5.7) 

( )
1

M

p i ij
i

R E W R
=

= ∑     (2.5.8) 

( )
1

M

p i i
i

R W R
=

= ∑     (2.5.9) 

2.5.2.2 Standard Deviation 

It was common approach that, for finding standard deviation, variance would be calculated, first. 

But, compare with expected return, it was difficult to get. To make it easy, the general formula 

would be derived from a portfolio with two underlying assets. If only two underlying included, 

the expected return of the portfolio should be: 1 1 1 2 2R W R W R= + . By general definition of 

variance, 

 ( ) ( ) 222
1 1 2 2 1 1 2 2p p p j jE R R E W R W R W R W Rσ ⎡ ⎤= − = + − +⎣ ⎦  (2.5.10) 

 ( ) ( ) 22
1 1 1 2 2 2p j jE W R R W R Rσ ⎡ ⎤= − + −⎣ ⎦     

 ( ) ( ) ( ) ( )2 22 2 2
1 1 1 1 2 1 1 2 2 2 2 22p j j j jE W R R WW R R R R W R Rσ ⎡ ⎤= − + − − + −⎢ ⎥⎣ ⎦

 

 
( ) ( )( ) ( )2 22 2 2

1 1 1 1 2 1 1 2 2 2 2 22p j j j jW E R R WW E R R R R W E R Rσ ⎡ ⎤ ⎡ ⎤⎡ ⎤= − + − − + −⎣ ⎦⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦  

 2 2 2 2 2
1 1 1 2 12 2 22p W WW Wσ σ σ σ= + +    (2.5.11) 
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In Formula (2.5.11), σ12 was called covariance of asset 1 to asset 2. The covariance was a 

measure of how returns on assets move together. Insofar as they had positive and negative 

deviations at similar times, the covariance was a large positive number. If they had the positive 

and negative deviations at dissimilar times, the covariance was negative. If the positive and 

negative deviations were unrelated, it tended to be zero. For the two-asset case, Formula (2.5.11) 

gave the variance.  

 

To extend the use of Formula (2.5.11), it could be applied for calculating the variance of portfolio 

with any number of underlying assets. It could be seen that if extended, the covariance would be 

a matrix. The users might try the same calculation for three assets and finally, it would be clear 

that the general for variance would be: 

( ) ( )2 2 2

1 1 1

M M M

p i i i j ij
i i j

j i

W WWσ σ σ
= = =

≠

= +∑ ∑∑    (2.5.12) 

2.5.3 Java Application 

As the previous section showed that the calculations on two-asset case could be extended to 

portfolios with any number of assets. In this section, the calculation of the Java application would 

be proved to match those general formulas. It would be assumed in this section that, the case of 

two-asset calculation would be extended, too. Therefore, all the proofs would be based on two 

assets, only. For the general case, the users might try. Before proceed, supposed that, a portfolio 

with two underlying asset A and B. The weights of the two assets were WA and WB, respectively.  

2.5.3.1 Expected Return 

For the given example, the jth return on underlying asset A and B were XARAj and XBRBj, 

respectively. Accordingly, the jth return on the portfolio should be: pj A Aj B BjR X R X R= + . By 

Formula (2.5.1), the calculation began with: 

1 1

M M
pj A Aj B Bj

p
j j

R W R W R
R

M M= =

+
= =∑ ∑    (2.5.12) 
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Then,  
1 1

M M
Aj Bj

p A B A A B B
j j

R R
R W W W R W R

M M= =

= + = +∑ ∑   (2.5.13) 

It could be easily seen that Formula (2.5.13) matched Formula (2.5.9). Therefore, the expected 

valued calculated was inline with the general formulas.  

2.5.3.2 Standard Deviation 

In this section, the proof would be concentrated on variance. By the general definition, standard 

deviation would be obtained easily from variance. The proof began from Formula (2.5.3) and 

had: 

( )2

2

1

M
pj p

p
j

R R
M

σ
=

−
=∑     (2.5.14) 

Then,  
( ) ( ) 2

2

1

M A Aj A B Bj B
p

j

W R R W R R

M
σ

=

⎡ ⎤− + −⎣ ⎦= ∑   (2.5.15) 

 
( ) ( )( ) ( )2 22 2

2

1

2M
A Aj A A B Aj A Bj B B Bj B

p
j

W R R W W R R R R W R R
M

σ
=

− + − − + −
= ∑  

( ) ( ) ( ) ( )2 2

2 2 2

1 1 1

2
M M M

Aj A Aj A Bj B Bj B
p A A B B

j j j

R R R R R R R R
W W W W

M M M
σ

= = =

− − − −
= + +∑ ∑ ∑  

2 2 2 2 22p A A A B AB B BW W W Wσ σ σ σ= + +    (2.5.16) 

Formula (2.5.16) matched Formula (2.5.11). Therefore, it could conclude that the calculations of 

the Java application were the same as the general formulas, without lose of accuracy. The 

calculation needed to be in this way, because when running the application, it allowed selecting 

the historical duration prior to the simulations. By the formulas in the section, it showed that, if 

the duration length was different, the expected return and variance would be different. However, 

such implementation was mainly for saving computing times and application complexity.  
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3 JAVA APPLICATION 

The Java application was temporarily named as ‘myPatek’, which had no meaning. As general 

software package, under the development, it had only a development code, instead of a real name.  

 

Basically, myPatek was built on Java - MS Access platform26. Though, a Java application, it was 

design to run on Microsoft Windows operating system. That was the reason why MS Access was 

chosen as the database engine. The introduction of MS Access database helped a mass storage 

and managing the consistency of data. In addition, MS Access came with Microsoft Office 

software package and had a great integrity with other software running on Windows system. It 

gave the convenience of handling data and programming. Considering the possibility of future 

immigrate the data to advanced database system, such as MS SQL server, MS Access had a great 

interface and tools for these operations.  

3.1 The Concept 

The application was a composition of ten different Java class files, as compressed in myPatek.jar. 

The dataflow structure was given in Figure 3.1.1. Start from the database, dbMain.mdb, it could 

be easily seen that the database was fully controlled by the class, jDbKit.class. Follow the same 

routine, jDbKit.class had only communication with the class, jProcKit.class. It implied that any 

data flow began at jProcKit.class and end in the database.  

 

The reason to have such an implementation was that MS Access was a relationship database. 

When designing the database structure, the relationship between each tables and data field was 

carefully considered and constructed. When handling mass data uploading and deleting 

processes, the application would call SQL for the duty, instead of doing row operations on its 

own. For making sure the user commands were valid for all these operations, the data with each 

command would be passed to jProcKit.class for validation test. If the data failed the test, the error 

would be returned to user interface, instead of calling database for illegal operations. If validated, 

                                                 
26 Due to the inclusion of Microsoft Access database, the application scarified Java’s cross-platform feature. As 
known the commercial package, Microsoft Access, was available on Windows and Macintosh, UNIX became 
impossible for this application.  
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jProcKit.class would take the responsibility format the data and pass it to jDbKit.class, which was 

mainly a SQL command operator to the database. Therefore, jDbKit.class was designed without 

error handling capability. To the database, all the data passed this class must be valid.  

 
Figure 3.1.1 Application myPatek: Structure 

 
 

To reach jProcKit.class, there were two routines for frmMain.class: directly and passing 

MonteCarlo.class. Most of the operation built in the interface, such as quote management, trading 

data uploading and deleting, and etc., took the directly routine. MonteCarlo.class was the one 

keeping simulation algorithms and calculations of statistics. When a simulation operation was 

asked, the command would be passed to MonteCarlo.class for algorithm. Meanwhile, 

MonteCarlo.class would ask historical data from jProcKit.class. After the historical data were 

fetched, MonteCarlo.class would prepare simulation trajectories, repeat.  Finally, the trajectories 

would be returned to frmMain.class for plotting.  

 

The introduction of the classes would be ignored, except the one called ‘JAppletG.class’, which 

plotted the simulation trajectories. The conceptual plot was given in Figure 3.1.2. As shown, the 

plot area was split into two parts: historical and simulation. In the historical part, there was only 

one bold line, which represented the history, since no doubt on history. On the right, in the 

simulation part, different numbers of simulation trajectories could be calculated based on the 
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statistics of MonteCarlo.class. Finally, the mean value of all the simulations would be plotted as 

the thick dashed line in the simulation part. By looking at the historical track and the simulations, 

the relationship of them would be revealed for statistical studies.  

 
Figure 3.1.2 Application myPatek: Visual Output 

 

3.2 The Database 

The difference of this application to others, on campus, was the database engine. With the 

database capability, the application had a huge memory, in which all the information, such as 

historical trading prices, predicted future prices, and key parameters, might be kept for later use. 

Therefore, this application might be extended for LAN usage. In this section, a brief description 

of the database construction was given, as shown in Figure 3.2.1.  

 

In this application, there were four tables built: tblRate, tblQuote, tblWeight and tblParameter. 

The table, tblParameter, was designed for storing system parameters, when application was 

closed. With this table, every time opened, the application began from exactly where it was 

stopped last time.  

 

The tables: tblRate, tblQuote, and tblWeight were designed for storing trading prices, security 

quotes, and portfolio constructions, respectively. They were constructed with relationships, as 

shown in Figure 3.2.1. The interpretations of the field names were given in Table 3.2.1.   
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Figure 3.2.1 Database Relationships 

 
 
Table 3.2.1 Database Field Interpretation 

intID Index number of any quote intQuote Quote description 
portID Index number of portfolio quote intType Quote type: security/portfolio 
stckID Index number of security quote lastProcessed Date of registration 
trdDate Trading date lastUpdated Last day of weight changes 
clsRate Market closing rate stckWeight Weight of a security 

 

3.3 The Application Interface 

The application was designed to have standard Windows user interface, as shown in Figure 3.3.1. 

When developed, the application interface was based on a screen resolution of 800 × 600 pixels. 

When the interface was resized, the application might adjust the display components, 

accordingly. As shown, the whole working space was divided into four functional areas: (1) Title 

bar, (2) Menu bar, (3) Content panel, and (4) Status bar. All the operations could be triggered 

from selecting the menu bar. In this version, there was no pop up window for any case, and all 

the results would be shown in the same content panel.  

 
Figure 3.3.1 Application Interface: Sketch 
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This application was slightly coded with help and information. At the time each function was 

triggered, a simple help message would be given in the status bar for guiding users to start the 

operation. During the operations, if any intolerable error was occurred, the operations would be 

terminated and error messages would be displayed in the same status bar.  And, the details on 

each functional screen would be given in the User’s Manual section. 

3.4 User’s Manual 

The application was primarily designed for thesis purpose. With this concern, it was not widely 

tested on difference hardware and software systems or many combinations. This section was 

about to guide users on operations of this application. In meanwhile, it was supposed to help 

when users had problems in operations. However, it was not intent to answer all the problems 

met by users. It was considers a help for starting the application and giving some basic ideas of 

the application. Due to it was a co-work of thesis paper, all the explanations given would be 

simple and brief. Therefore, many detailed concerns and constructions would be ignored to sever 

the main task of this paper.  

 

At the time of writing, there were already some errors found. They were mostly caused by the 

incompatibility of Microsoft and Sun Java virtue machine installed in different Window systems. 

This inconvenience had been proved to bring many display problems along, especially to the 

applet class included for plotting the trajectory lines. In addition, the application had never been 

tested besides Win-Tel system structure. Due to the limit of debugging time and resources, the 

problems would not be corrected. Therefore, before trying the application, users should make 

sure their testing environments were compatible to the developing environment of the 

programmer. Sometimes, it might be the only way to have the application work.  

3.4.1 Environment  

The developing environment was given in Table 3.4.1, for the reader references. The key was to 

keep JDK and database compatible with the ones mentioned. Though, on Windows system, the 

result might be different, due to the Java and Windows integration problems. Therefore, before 



A JAVA BASED SOLUTION    

 32

testing this application, the users needed to make sure that the compatibility. Otherwise, the result 

could not be promised. 

 
Table 3.4.1 Development Environment 
Processor: Pentium III, 700 M 
Operations system:  Windows 2000, Service Pack 4 
System RAM: 256 M 
Java Development Kit: JDK 1.4 (with JDBC) 
Screen resolution: 1024 × 768  
Database: Microsoft Access 2000 

 

3.4.2 Installation 

Java was a cross-platform solution. It depended on the Java virtue machine. Therefore, there was 

no familiar Windows executable (*.exe) file available by the standard Java Developing Kit 

(JDK). There existed some third-party applications for such task. But, for this paper, those 

software packages would not be introduced since no one of them was free of charge. Such 

commercial works might controversial to the academic purpose of this paper.  

 

The application would be distributed in the form of Java Archive file (JAR) file, along with a MS 

Access file. The users might put both files in the same directory and the installation would be 

done. Before the testing of the application, the most important work was to set up the JDBC-

ODBC connection, which helped the data communication between the application and database.  

And, the instruction would be given in the following section.  

3.4.2.1 JDBC – ODBC Bridge: Set Up DSN 

ODBC was a database middleware that sat between an application and database. JDBC was a 

similar implementation of Java, which helped the communicating of ODBC drivers with Java 

applications. In order to have the application communicate with database, the latest Microsoft 

ODBC drivers must be installed before the testing. Then, a Data Source Name (DSN) needed to 

be set up. The following steps would show you how to add a new System DSN in ODBC, and 

point it to the main database of the application.   
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a) In Windows, run ODBC setup by going to ‘Start | Settings | Control Panel’. Double click the 

icon ‘Administrative Tools’. A window like Figure 3.4.1 (a) would show up. 

b) Double click icon ‘Data Sources (ODBC)’ to run the ODBC setup program. Then, click on 

the tab ‘System DSN’. The window exactly like Figure 3.4.1 (b) would on the top. 

c) Click on ‘Add…’ to call window Figure 3.4.1 (c) for adding a new DNS. In it, select ‘Driver 

do Microsoft Access (*.mdb)’ and click ‘Finish’.  

d) In the topmost window as shown in Figure 3.4.1 (d), type ‘dbMain’ as Data Source Name. 

Choose ‘None’ in ‘System Database’ section. Then, click ‘Select’ in the ‘Database’ section. 

Select the directory where ‘dbMain.mdh’ resided.  

e) Click ‘OK’ button to finish. Then, a window as shown in Figure 3.4.1 (f) should be seen. 

Now, the database was ready for the Java application.  

 

The users should refer to Figure 3.4.1, step by step, if there was any difficulty in setting up the 

ODBC connection. Without the connection, the application would fail to start. After this step, the 

installation was accomplished.  

3.4.3 Operations 

In this section, each implemented function would be explained, briefly. In meanwhile, some 

sample operation might be given as references for users starting testing this application. As 

mentioned previously, the application was designed as a standard Windows based program. The 

inter-relations between different functions were carefully considered. Therefore, users only need 

to select from the menu bar for their experiments.  

 

Because of the database applied, all the operation results and input data were captured and stored 

into database file. It helped that experiments might not be necessary to be done at one time. It 

could last for days or weeks, till the satisfactory results were obtained. In addition, if there was 

any error in operating the application, users might feel free to terminate and restart, without the 

concern of losing the works they had already done. But, the shortage was that, users were not 

allowed to directly control the database. If there was any error in the database, users had no 

choice but to dispose the old one. With a new copied database, the application would back to 

work with the losing of all the previous data input.  



A JAVA BASED SOLUTION    

 34

Figure 3.4.1 Windows ODBC Installation Steps: (a) – (f) 
 

(a) 

 

 
 

(b) 
 

(c) 

 

 
(d) 

 

 
 
 

(e) 

 

(f) 
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3.4.3.1 Start the Application 

To start the application, go to ‘Start | Programs | Accessories | Command Prompt’. And, a 

window like Figure 3.4.2 showed up. In some versions of Windows, users should make sure that 

the directory of Java executable files was included in the Windows PATH parameter. To check it, 

users might type ‘path’ in the black window as shown in Figure 3.4.2. For the testing 

environment, the executable files came with JDK 1.4 and resided in the directory 

‘C:\Borland\JBuilder2005\jdk1.4\bin’.27 

 
Figure 3.4.2 Windows Command Prompt 

 
 
As the information given in the same figure, the application file was copied into directory 

‘E:\myPatek’. If user put the file into another directory, please turn to that directory where the file 

resided. After making sure that the ODBC connection was set up, users might type ‘java -jar 

myPatek.jar’ to load the application. And, the initialized view should be like in Figure 3.4.3.  

 

Users might include the application into some projects of third party developing environment 

software. Since, the operations of different software were varied. In this paper, they would not be 

introduced. If there was any difficulty to load the application, please refer to the Windows help to 

change the PATH parameter or install correct Java virtue machine for the operating system. 
                                                 
27 The application was primarily developed by Borland JBuilder Foundation X®. The Java Developing Kit (JDK) 
used for this application came with JBuilder. For more information about the developing environment and the JDK it 
included. For information, see Borland JBuilder.   
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Figure 3.4.3 Application Interface - Initialized 

 
 
Figure 3.4.4 Application Interface – System | …Data Summary 
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3.4.3.2 Checking the Database Information 

When the application was loading, it would connect to the main database, automatically. If user’s 

got the information ‘idle…’ on the status bar, the database was available. In some circumstances, 

for switching or maintaining the database, user might choose to disconnect by the menu choice, 

‘Close Database’, as shown in Figure 3.4.3. When, the database was available, the following 

operation helped for exploring the information stored.  

 

Go to ‘File | …Data Summary’, users would get the window in Figure 3.4.4. This screen was 

divided into three columns. In the middle, under the label ‘Registered Securities:’ all the 

registered securities (stock shares, treasury bills, etc.) and portfolios would be listed. By selecting 

any security or portfolio, on the left side, the application would give the dates, on which the 

market closing prices were input and stored in the database. Simultaneously, on the right side, the 

information and properties of the selected security or portfolio would be displayed. As shown in 

Figure 3.4.4, the portfolio named ‘66ABB + 33Eric B’ was questioned. From the information 

column, it could be read that the portfolio was created on the date of 17th of April, 2005, and 

constructed with 66% ABB and 33% Ericsson B stock shares. 28 

 

It was necessary to mention that this operation was the only way of users to check the database 

contents. When any advanced operation was done, it was always good to open this page for 

checking the result of operations. In the same understanding, if users could not find the 

information they just input, it implied that the operation was not acceptable by MS Access 

database and the operation was truncated. In such a situation, the users might need to adjust the 

data they gave to the application interface and try the operation, again.  

3.4.3.3 Managing Securities 

The security (stock share) quote was the unique key to the main database. Each time a new 

security quote was registered, it would be given a numerical identification in the database. If no 

duplicate information was found. The quote would be exclusive and turned to be the key linkage  

                                                 
28 All the stock shares listed in the testing environment were listed at Stockholmsbörsen, on the date of input into the 
application database, ‘dbMain.mdb’. And, all the registered security quotes were kept consistent with what they were 
shown on the provider’s website. For information, see Stockholmsbörsen. 
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Figure 3.4.5 Application Interface – Security Data | .Quote Management 

 
 
Figure 3.4.6 Application Interface – Security Data | ..Rate Management 
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between data. For the consistency of the database design, any security (exclude portfolio) must be 

registered before the trading data could be input or the inclusion of this security into any 

portfolio. Because this application was developed in Sweden, all the information captured was 

from OMX Exchange in Stockholm (Stockholmsbörsen). Consequently, all the securities were 

registered as unique as they appeared on the equity market.  

 

Go to ‘Security Data | .Quote Management’, users would get the window in Figure 3.4.5. It was 

an integrated interface for managing security quotes. In this interface, users might register a new 

security quote, delete a registered security quote, as well as change the quote for a registered 

security. The operational instruction was displayed along on the right side of the window. 

Following the instructions, users were able to manage all the operations. If the user input was not 

acceptable or valid, error messages would be given in the status bar.  

 

It was valuable to mentions that, for any security quote, the application only accepted single 

space between characters. If there was any double spaces input, the application would 

automatically short it into single space. In addition, the ‘delete’ operation was critical. After a 

‘delete’ operation was triggered, all the registered trading prices would go along with quote. 

Therefore, before any ‘delete’ operation, users should make sure the consequence.  

3.4.3.4 Managing Historical Security Prices 

Go to ‘Security Data | ..Rate Management’, users would get the window in Figure 3.4.6. This 

window was for managing the trading prices of securities. The window had two columns. The 

table on the left side was a preview pane, which was used to show the information queued for 

operating. And, it was impossible to manipulate anything displayed in this table. The right side 

was an input pane, in which the trading prices could be input in rows, in the following format. 

 
Syntax: Quote ; Date ; Price 
Example: Add  ABB ; 2005/4/18 ; 41.5 
Example: Update ABB ; 2005/4/15 ; 40 
Example: Delete ABB ; 2005/4/14 ; 0 
Example: Input Error abc ; 2005/18/4 ; b 
 
NaN[Rate] was an error message for ‘not a number’ given in 
column ‘Rate’. Different messages might appear, to the errors. 



A JAVA BASED SOLUTION    

 40

Figure 3.4.7 Application Interface – Portfolio Data | ..Quote Management 

 
 
Figure 3.4.8 Application Interface – Portfolio Data | ..Rate Processing 

 



MONTE CARLO SIMULATION ON HISTORICAL DATA   

 41

They rows were semi-colon separated columns. In the testing environment, all the prices were 

market closing price with the adjustment of dividends. Because there was no ability to connect to 

any real-time market database, directly, it was an acceptable alternative solution.29  

 

It was also an integrated interface as ‘Security Quote Management’. By the security quote and the 

trading date given, the application might automatically decide the operation type: ‘Add’, 

‘Update’ or ‘Delete’. The previous table and Figure 3.4.6 suggested the three operations managed 

by the interface. In addition, the status bar was still a source of information, if any operation was 

refused.  

3.4.3.5 Managing Portfolios 

Go to ‘Portfolio Data | .Quote Management’, users would get the window in Figure 3.4.7. In it, 

all the area left to the radio buttons were for portfolio construction. Select a quote, give a weight 

and use the buttons in the lower part of the section, the operations were intuitive. It was need to 

notice that, the operations in this section were not trigger database operations. The radio buttons, 

mentioned, in the middle and the ‘Action’ button, were used to make the final communications 

with the database, once it was pressed, the database would response, accordingly.  

 

There were two notices on the operations managed by this interface. First, it was critical to delete 

any portfolio. Due to the database consistency, once the ‘delete’ operation was asked, the 

historical prices prepared would be flushed. Compared with the security prices, it was not a fatal 

problem. As the concept of this application, the portfolio historical prices were calculated based 

on the weighs of securities included. Depended on the securities’ historical prices, the portfolios 

ones were calculated and stored. For the same understanding, it was easy to see that if the 

portfolio construction was adjusted, the historical prices of the portfolio were unchanged.  Till the 

historical prices were re-calculated by the interface introduced in the section Managing 

Historical Portfolio Prices, they were still based on the old constructions. Therefore, the users 

were strongly recommended to re-calculate the historical prices of portfolios, right after they 

were re-constructed.  
                                                 
29 This solution was considered practical, see Historical Quotes. On this website, the users might download historical 
data in spreadsheet format. With slightly modification, the data might be pasted in the semi-colon separated format 
required by the application, ‘myPatek’. 
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3.4.3.6 Managing Historical Portfolio Prices 

Go to ‘Portfolio Data | ..Rate Processing’, users would get the window in Figure 3.4.8. By 

selecting portfolio from the list on the left, the application gave exactly the same information as 

in Figure 3.4.4. They were some basic information for the selected portfolio. Then, the users had 

two choices: ‘CLEAN’ and ‘PROCESS’. The operation ‘CLEAN’ was designed for flushing the 

historical data for selected portfolio. In most of the cases, it was not a useful operation.  

 

The users came to this interface for the operation of ‘PROCESS’. It was the combination of 

operations ‘CLEAN’ and ‘RE-calculate’ (invisible). Therefore, with this operation, users would 

not need to press button ‘CLEAN’, in most of the cases. ‘PROCESS’ was used for re-calculating 

and storing historical prices of portfolios, based on their constructed weights and securities. With 

these weights and closing prices of the included securities, the historical prices of portfolios 

would be obtained. An example of calculation was given as following.  

 

Example  In database, on 17th of April, 2005, the closing prices for 

‘ABB’ and ‘Ericsson B’ shares were 40 and 20, respectively. For the ‘66ABB + 

33Eric B’ portfolio, the price on that day should be:  33 = 40 × 66% + 20 × 33%. 

 

The foremost was that, to calculate the historical price of a portfolio on a given day, all the 

securities included should have historical prices stored in the database. For the previous example, 

on 17th of April, 2005, if only ‘ABB’ had a price of 40 in databases, and the price of ‘Ericsson B’ 

was omitted, the application would skip the calculation on that day.  For information on if the 

historical price of the selected portfolio on a given day was processed, users might read the 

results list on the interface as shown in Figure 3.4.8. The solution to this problem was to give 

enough historical prices to every security included for the portfolio. To check if the historical 

prices for a security were complete on each date, users might go to section Checking the 

Database Information for help. In that interface, users were able to select a security and read the 

dates, on which the historical data were stored, on the left hand side of the window. In summary, 

in two cases, the users needed to re-process the historical data for portfolios: (1) After a portfolio 

construction was adjusted, and (2) After the historical price of any included security were 

updated.  
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3.4.3.7 Selecting a Pseudo Random Number Generator 

The application was about Monte Carlo simulation. By the definition of simulations, it attempted 

to play in the same scenario or on the same model for plenty of times. Due to the Central Limit 

Theorem, the convergences of mathematical models could be approached. In most of the cases, a 

simulation needed to be run thousands of times before certain conditions were met. As explained 

that the mathematical models applied for simulations were summarized from real tasks. In 

today’s world, almost all the real situations were factor-driven. By putting different factors into 

those mathematical models, they would give outputs as the responses to the real situations.  

 

In the modern science research, the simulations were most aided by computers. To run the 

simulations enough times, the factors needed to be generated by computer random numbers. 

Therefore, it made the random number generator a key to the simulation results. Unfortunately, 

all the computer software basically, came with generators that made pseudo uniformly distributed 

random numbers. The generating of random numbers were heavily depended on the processor’s 

clock time and limited by the resources (register, memory, etc.) of computers. It did not exist that 

any generator could give perfect uniformly distributed random numbers. Even, somebody 

claimed a perfect solution; there was no way to test the quality of it. Along with all these 

understanding, many researchers attempted to create better pseudo random generators, which 

were less dependent, faster, and repeated the similar number queue as late as possible. In this 

paper, the Mersenne Twister30 algorithm was chosen.  

 

Go to ‘Preference | .Random Generator’, users would get the window in Figure 3.4.9. In this 

interface, the users might make choice on using different random generators. And, the selection 

would, finally, be stored in the database. It made no need to set the generator any time the 

application was started. As the features of these included pseudo random generators, they were 

listed in the interface by their speed, in ascending order. Lately, widely tested by many users, the 

multi-thread version of Mersenne Twister generator were working 1.5 times faster than Java 

build-in random generator, while the single-thread version might increase the speed to 2. For 

different computers and the volume of simulations, users might have choice for saving time. 

                                                 
30 It was a widely accepted pseudo random generator. For more information, see Mersenne Twister. 
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Figure 3.4.9 Application Interface – Preference | .Random Generator 

 
 
Figure 3.4.10 Application Interface – Monte Carlo Simulation | .Geometric Brownian Motion 
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3.4.3.8 Make a Simulation 

Go to ‘Monte Carlo Simulation | .Geometric Brownian Motion’, users would get the window in 

Figure 3.4.10. The interface was about the main task of this application. It was designed to show 

the simulation results visually. Because Monte Carlo was a concept of simulation for varies of 

mathematical models. It could be easily seen that the menu, ‘Monte Carlo Simulation’, might be 

extended for other simulation purposes. In the application, Monte Carlo simulation could be only 

applied to portfolios. For the simulation on any individual security, the basic approach was to 

create a portfolio, which exclusively included the concerned security. After this transformation, a 

portfolio was mapped to an individual security. 

 

About the interface, the upper section was about selecting a portfolio and setting some initial 

factors, such as historical duration and times of simulations. After these constrains were set, the 

application would begin with calculating some basic statistics based on the historical data. The 

descriptions of these fields were given in the following table.  

 
Table 3.4.2 Setting and reading the simulation interface 

Portfolio: The portfolio for 
simulation 

Random 
Generator: 

The random generator chosen, see 
Selecting a Pseudo Random 
Number Generator 

Duration 
Fr.: 

The beginning date of the 
historical data needed 

Historical 
(mu, µ): 

The calculated mean value for 
chosen historical duration 

Duration 
To: 

The ending date of the 
historical data needed 

Historical 
(sigma, σ): 

The calculated standard deviation 
value for chosen historical 
duration 

Simulations: 
Two fields right after the label:  
1. Times to run the simulation 
2. Futures periods for simulating 

 

 

Based on the historical statistics calculated, the application generated random numbers for 

imitating some uncertain factors. Filled these random factors into a chosen mathematical model, 

the simulation trajectories could be created. For the example in Figure 3.4.10, the simulations 

were asked for the portfolio, ‘66ABB + 33Eric B’, mentioned previously. The historical duration 

included data from 30th of January, 2005 to 15th of April, 2005. The calculated daily historical 
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mean and standard deviation were 0.1773% and 1.2312%, respectively.31 The user requested 

3,000 times Monte Carlo simulations for next 20 days after 15th of April, 2005, which was the 

last day of the historical duration chosen. To implement this simulation task, the computer 

needed to generate 60,000 = 3,000 × 20 random numbers. Therefore, before any simulation was 

asked, the users should consider their computer capacity carefully. By the test of the programmer, 

in the developing environment given in Table 3.4.1, 50,000 times of simulation on the next 20 

days was enough to raise a ‘out of memory’ error to this application. This problem might be 

solved in the later version of this application.  

 

If the Monte Carlo simulation was successful, the plot as shown in the lower part of Figure 3.4.10 

would be painted. In the plot, to the left of the double vertical line, the thick single horizontal 

trend line represented the historical price trajectory of the chosen portfolio, during the chosen 

period. The statistics calculated were the numerical presentation of this trajectory line. To the 

right of the double vertical line, the plotting of 3,000 Geometric Brownian motion trajectories 

formed the bullet-head like region. In the real situation, those 3,000 lines were plotted one after 

another and took a little bit time. The application always began the plotting in the region with 

dark-gray color. After each 1,000 plots were finished, the color would be reduced to lighter gray 

level. Therefore, the later the plot, the lighter the gray color. Finally, the thick line in the middle 

of the simulation trajectories was the mean value of all the simulations. It was a straight line, if 

the Central Limit Theorem was considered.  

 

For each price calculated by Monte Carlo simulation, a short dashed line would be drawn on the 

very left of the plot section. This application still had no function for calculating the probabilities, 

yet. But, by the density of those dashed lines, it could be easily seen that the prices were very 

concentrated to the mean values. With these understandings, the users might repeat the 

simulations plenty times for course works or their studies.  

 
                                                 
31 The historical data stored in the database were market closing prices. But, the statistics calculated were for the 
daily returns. It implied that before the statistics were calculated, the application transformed the prices into daily 
returns in percentage forms. In addition, in the sample database, the historical data were filled from 
Stockholmsbörsen, on daily basis. Actually, it was not necessary to capture data in this way, since it would not be a 
replicate of the market database. Anyhow, if the date span of historical data was changed, to monthly or yearly, the 
meaning of the calculated mean and standard deviation would be changed, accordingly. It revealed the trick that, to 
make the statistics easy to explain, the historical data should be captured on a fixed period basis.  
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4 CONCLUSION 
The paper was about Monte Carlo simulation. In general, Monte Carlo simulation was an 

approach for finding mathematical means by the aid of computers. Therefore, it could be 

concluded that Monte Carlo was an ideal, instead of any fixed mathematical model or proof. In 

most of the papers, the term Monte Carlo method was used, instead. It implied that by carefully 

considering and designing under the seven components mention in the Theory section, Monte 

Carlo simulation could be applied to any model. 

 

It needed to mention that the paper was just a beginning on Monte Carlo simulation. As listed in 

the Theory section, it revealed that Monte Carlo simulation was a repeat procedure. It meant that 

for the same model, Monte Carlo simulation needed to be run sufficient times. The idea was that, 

Monte Carlo simulation was supported by statistical analysis in this paper and based on 

experiments. The quality and sufficiency could be not promised before the experiments. As such 

a result, a better Monte Carlo simulation model needed to be found after experiments. It made 

sense that the analysis of variance after each simulation was very important. Though, this paper 

built an application for Monte Carlo simulation, the improvement and analysis were not included 

and left to a higher level study.  

 

Finally, this paper was a thesis at master level. In Sweden, it could be considered a summary of 

study after four academic years. In this paper, the knowledge covered all the knowledge given, 

such as probability and statistics, finance, as well as computer science. At present, they were 

necessary skills for those people devote to financial analysis career.  
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 APPENDIX 

The Java application was integrated by many classes. Their functions were given in Figure 3.1.1. 

So, the introduction would not be repeated. Among these Java classes, frmMain.class was used 

for the interface control. It was responsible the building and switch between each interface 

smoothly. It was built on common application structure.  

 

jDbKit.class was, in simple words, a SQL commands operators. Because this application needed 

many database operations, SQL command made them easy. And, the occupation of this class was 

taking user commands, translated them into SQL standard language, and then executed them.  

 

With the previous two classes cleared, jProcKit.class was simply a translator between them. It 

was a middleware, helped for the transforming between database operations and human 

operations.  

 

All these classes were more about computer science. And, the giving of source code might be 

more interested by those students. Therefore, they would not be printed with this paper. Because 

this paper was for students in statistics and mathematics, and the topic was Monte Carlo 

simulation. The only source code would be pasted was MonteCarlo.class. By the source code, 

users might find out the implementation of Geometric Brownian motion and the use of different 

pseudo random number generators.   

 

A.1 MonteCarlo.class – Source Code 
 
/** 
 * 
 * <p>Title:      Class MonteCarlo</p> 
* <p>Author:    Mai, Xin, maxxinmai@hotmail.com</p> 
 * <p>Compiler:   SUN_jdk_1.4.2</p> 
* @version       1.00.20050404 
 */ 
 
 
import java.util.*; 
import javax.swing.*; 
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public class MonteCarlo { 
private Object   quote = null; 
private Object   sDate        = null; 

         private Object   eDate        = null; 
      

private int sTime        = 0; 
private int sPerd        = 0; 
private int randomGen = 0; 
 
private double mu      = 0.0; 
private double  sigma   = 0.0; 
private double  deltaT  = 0.0; 
 
private static String[][] trajectory   = null; 
private static double[][] simulation = null; 
 
private Random random0  = null; 
private MersenneSingle random2 = null; 

 
/** 
* General Constructor with Chosen random generator ID 
*/ 
public MonteCarlo(int genID) { 

switch (genID) { 
case 0: 

random0 = new Random(); 
break; 

        case 1: 
random0 = new MersenneMulti(); 
break; 

        case 2: 
random2 = new MersenneSingle(); 
break; 

default: 
random0 = new Random(); 
break; 

} 
} 
 
public final void setQuote(Object temp) { 

quote = temp; 
} 
 
public final void setsDate(Object temp) { 

sDate = temp; 
} 
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public final void seteDate(Object temp) { 
eDate = temp; 

} 
 

public final void setsTime(int temp) { 
sTime = temp; 

} 
 
public final void setsPerd(int temp) { 

sPerd = temp; 
} 
 
public final void setrandomGen(int temp) { 

randomGen = temp; 
} 
 
public final void resetAll () { 

quote  = null; 
sDate  = null; 
eDate  = null; 
sTime  = 0; 
sPerd  = 0; 
randomGen  = 0; 
trajectory  = null; 
simulation  = null; 
 
mu      = 0.0; 
sigma   = 0.0; 
deltaT  = 0.0; 

} 
 
public final void resetTrajectory () { 

trajectory = null; 
} 
 
public final int getsTime() { 

return sTime; 
} 
 
public final int getsPerd() { 

return sPerd; 
} 
 
public final String getMu() { 

return String.valueOf(this.round2double(mu*100,4)+"%"); 
} 
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public final String getSigma() { 
return String.valueOf(this.round2double(sigma*100,4)+"%"); 

} 
 
public final String[][] getTrajectory (){ 

return trajectory; 
} 
 
public final double[][] getSimulation (){ 

return simulation; 
} 
 
public final void fillTrajectoryHistory (){ 

jProcKit myProc = new jProcKit(); 
 
double[]  temp = null; 
int           x = 0; 
 
myProc.getConnection(); 
 
trajectory  = myProc.getTrajectory(quote, sDate, eDate); 
temp = myProc.getStatistics(quote, sDate, eDate); 
 
myProc.closeConnection(); 
 
mu     = temp[0]; 
sigma  = temp[1]; 

} 
 
public final void makeSimulation (JProgressBar myProgress){ 

simulation  = new double[sPerd+1][sTime]; 
deltaT    = 1; 
 
double temp  = 0.0; 
String  tmp    = null; 
 
tmp   = trajectory[trajectory.length–1][0]; 
temp  = Double.valueOf(tmp).doubleValue(); 
temp  = this.round2double(temp, 2); 
 
myProgress.setMaximum(sTime); 
 
for (int j = 0; j < sTime; j++) { 

simulation[0][j] = temp; 
} 
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for (int i = 0; i < sTime; i++) { 
myProgress.setValue(i); 
myProgress.paintImmediately(0, 0,  
myProgress.getSize().width,  
myProgress.getSize().height); 

 
for (int j = 1; j < sPerd + 1; j++) { 

switch (randomGen) { 
case 0: 

simulation[j][i] = mu*deltaT +  
sigma*random0.nextGaussian()*Math.sqrt(deltaT); 

break; 
case 1: 

simulation[j][i] = mu*deltaT +  
sigma*random0.nextGaussian()*Math.sqrt(deltaT); 

break; 
case 2: 

simulation[j][i] = mu*deltaT +  
sigma*random2.nextGaussian()*Math.sqrt(deltaT); 

break; 
default: 

simulation[j][i] = mu*deltaT +  
sigma*random0.nextGaussian()*Math.sqrt(deltaT); 

break; 
} 
simulation[j][i] = simulation[j-1][i] * Math.exp(simulation[j][i]); 

} 
} 

} 
 
/** 
* Rounding double numbers: a – the double number; b – position to round 
*/ 
 
private final double round2double (double a, int b) { 

a    = a + 5 / Math.pow(10, b + 1); 
String stemp   = Double.toString(a) + "0"; 
int itemp       = stemp.indexOf(".") + 1 + b; 
StringBuffer rtemp = new StringBuffer(itemp); 
 
for (int i = 0; i < itemp; i++) { 

rtemp.append(stemp.charAt(i)); 
} 
 
return Double.valueOf(rtemp.toString()).doubleValue(); 

} 
} 
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