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Abstract 

 

 

Diffusions are broadly used in mathematical finance for modeling asset prices. We consider 

the exact path sampling of a constant elasticity of variance diffusion model obtained from a 

squared Bessel process. We have created a MATLAB GUI (Graphical User Interface) 

program to evaluate exotic options under the constant elasticity model by exact Monte Carlo 

simulation. The procedure and the mathematical background behind constructing the program 

are described and explained. We show the results obtained and an analysis is made based on 

the MATLAB program. 
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1 - Introduction 
 
Our objective in this paper is to price exotic options under the constant elasticity of variance 

(CEV) model by exact Monte Carlo simulation. Towards the end of the paper a MATLAB® 

GUI (Graphical User Interface) is used to generate and display the results.  

The method described by Roman N. Makarov and Devin Glew in their paper “Exact 

Simulations of Bessel Diffusion” is the basis for creating the MATLAB® algorithms used to 

price the options when simulating the CEV process. We also utilize L.Devroye‟s paper “A 

simple generator for discrete Log-concave Distributions” to assist us with a number of the 

parameters needed for the simulation of one of the algorithms. We employ the Monte Carlo 

method to evaluate the sources of uncertainty and to determine the average value, i.e. the 

desired option price, over the range of resultant outcomes.  

The rest of this paper is organized as follows. In chapter 2 we explain some basic concepts 

involved in defining and pricing options. Chapter 3 deals with the theoretical background and 

explanations of the relevant concepts used in our MATLAB® algorithms. In chapter 4 we 

present ideas behind how we have constructed the algorithms. In chapter 5 we focus on 

presenting the GUI‟s functions and features. We present our findings and analysis in chapter 6 

and at the end of the paper we draw our over-all evaluation in chapter 7. 
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2 - Basic concepts 
 
In this chapter we provide relevant explanations describing the concept of options and the 

specific type of options we will be pricing in our MATLAB® GUI. 

2.1 Options 

 

An option is a type of financial instrument. It is classed as a derivative because it derives its 

value from an underlying asset. An option gives its holder the right, but not the obligation, to 

buy or to sell some underlying asset on or before the options predetermined expiration date at 

an agreed price, namely the strike price. The expiration, or maturity, is the date on which an 

option becomes worthless if not exercised. All options are classified into either a put or a call 

option. An option giving the buyer the right to buy at a certain price is called a call, while one 

that gives him/her the right to sell is called a put. Because of the versatility of options, there 

are many types and variation of options. 

A trader will always look for an opportunity to make a gain and hopes his investment will 

pay-off. The calculation of this gain, called the pay-off of the option, depends on the type of 

option we are dealing with. Generally, for a plain vanilla option (options which have well 

defined properties and trade actively), the payoff depends only on the price of the underlying 

asset at maturity, not the price at any other time. Since we are pricing exotic type options in 

this paper, we will see that pay-off depends on different factors for exotic options. 

To successfully profit and choose an option, an investor must first decide if he believes the 

underlying asset price will increase or decrease. For example, if one believes that an asset‟s 

price will increase, they might buy a call option. If things are in their favor, then the stock 

price will increase and the buyer would have bought it at a cheaper price. 

 

 

  



Bachelor thesis in Mathematics/Applied Mathematics 

8 

 

2.2 Exotic options 

 

Exotic options are a variety of complex options that have been created by financial engineers 

in recent years. The payoffs of these types of options are more complicated then the payoffs 

of vanilla options.  Although, they are generally a small part of a portfolio, they are important 

because they tend to be more profitable then vanilla options. In this paper we will be looking 

at two types of exotic options, the put and call of a lookback option and the average-price 

option. 

The pay-off from lookback options depends on the maximum or minimum asset price reached 

during the life of the option; this allows the holder to "look back" over time to determine the 

payoff. Average-price options are options whose payoff depends on the average price of the 

underlying good or the average of the exercise price. Both the lookback and average price 

option are path dependent derivates, meaning the payoff depends on the path followed by the 

price of the underlying asset and not just on its final value. In the algorithm section we will be 

looking at the equations used to calculate these option‟s payoffs.  

 

 

 

 

 

 

 

 

 



Bachelor thesis in Mathematics/Applied Mathematics 

9 

 

3 - Theoretical Background 
 
In this chapter we will explain the reasoning for the models behind the algorithms used for 

simulating the option prices. We give an elementary explanation for the using the method 

described by Roman N. Makarov and Devin Glew when we use the Constant Elasticity of 

Variance (CEV) model. We also introduce and explain the CEV model we have used for 

pricing the options.  Our attention is then directed to explaining the gamma functions which 

we have used in our algorithm. Finally we describe the Monte Carlo method, which we 

employ to get an average value of the sampled prices. 

3.1 The Exact Simulation of Bessel diffusion method 

 

The method described by Roman N. Makarov and Devin Glew in their paper “Exact 

Simulations of Bessel Diffusion” show that Square Bessel (SQB) functions can be reduced to 

“randomized gamma distributions” (theses distributions are explained in section 3.3) . The 

method involves producing a sampling algorithm for a SQB process by employing 

randomized gamma distributions. Similarly, since the CEV model (which is essentially a SQB 

process obtained by a change of measure and variable) can also be reduced to randomized 

gamma distributions, we can make use of the same sampling algorithm used for a SQB 

process when we simulate a CEV process. We will employ two ways of doing this and the 

construction of these methods will be shown further on in this paper. 

3.2 The constant elasticity of variance model 

 

The CEV model is a probability-type option evaluation approach. Essentially, it is a stochastic 

process for modeling asset prices and is broadly used in mathematical finance. The model 

involves a variance adjustment that causes the level of the variance to decline as the stock 

price rises, and to rise as the stock price declines. Thus, the main feature of the CEV model is 

that it allows the volatility to change with the underlying asset price. In the CEV, model the 

asset price is defined by the stochastic differential equation as: 

 

                            

1

0 0t t t tdS rS dt S S dW                            (1.1) 
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Where St is the stock price at time t, and r, σ, β are parameters for interest rate, volatility and 

elasticity, respectively, and Wt is a Wiener process.  Thus to price our options we need to find 

values for both the deterministic and the random part of the CEV model.  

 

In this paper we will use a CEV process in definite integral form introduced by Roman N. 

Makarov and Devin‟s method. This is a drifted CEV process St
(r)

 with nonzero drift r (in our 

case the interest rate), arising from its respective process St
(0)

 by means of a scale and time 

change. The models equation and the explanations of its variables are presented in chapter 4 

in context with the algorithm. 

 

3.3 The randomized gamma distributions 

 

Randomized gamma distributions are a mixture of gamma distributions with random rate 

parameters. More specifically, a randomized gamma distribution has the form G (α + Y, β), 

where α + Y > 0 and β > 0 are scale and rate parameters respectively and Y is a discrete 

random variable with discrete probability P{Y=n} = pn, n = 0, 1, 2...  

Depending on the probability distribution we choose to use for the variable Y, we can achieve 

different types of randomized gamma distributions. In this paper, we will be using the 

randomized gamma distribution of the third type G(Y + 1, β), where Y follows the incomplete 

Gamma probability distribution, denoted as IΓ (θ, λ) with parameters θ > 1 and λ >0, as 

follows: 

                                  

( )
{ }

( 1) ( , )

n

np P Y n e
n


  

   


 

  
                                    (1.2) 

We now proceed to explain the various variables depicted in 1.2. The gamma function is 

given by:  

                                                                        

1

0
( ) tt e dt


                                                          (1.3) 

 

The gamma function can be then split into two integrals, giving us the lower incomplete 

gamma function: 

                                       

1

0
( , ) tt e dt


                      

(1.4)
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and the upper incomplete gamma function: 

                                                          

1( , ) tt e dt


 


                                            

(1.5)
      

 

We will also be using a gamma distribution of the first type G(Y+ θ+1, β) with parameters      

θ >-1 and β > 0, where Y follows the Poisson probability distribution with mean λ > 0.
 

3.4 The Monte Carlo Method 

 

The Monte Carlo Method is a computational algorithm that relies on repeated random 

sampling to compute the results. In other words, it is used to produce a large number of 

repeated calculations that are based on random variables. We will use the Monte Carlo 

method in order to value the price of the options. The options values depend on the random 

prices (drawn from various distributions) of the underlying stock. The theory behind this 

method is the Law of Large Numbers, where the average of the results obtained from a large 

number of trials should be close to the expected value, and will tend to become closer as more 

trials are performed. We simulate a large number of computations that calculate the value of 

the payoff with every trajectory; we then average the sample payoff to obtain the price of the 

option. 
 

We will not go into great depth when we explain the MATLAB® implementation of the 

algorithm for the Monte Carle method since our main objective is to examine option pricing 

under the constant elasticity model. However, the Monte Carlo simulation method can be 

readily found in other sources and the code we have used can be found in appendix 10.4. 
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4 - Algorithms 
 
In this chapter we present the method used to produce the algorithms for pricing our options. 

For clarity, we begin by presenting the notations used and the formulation of the problem. We 

then proceed to show how the problem can be solved.   

Below are the explanations of the notations used throughout this section. 

Symbol Explanation 

t Current time 

St The asset price at time t 

r The risk-free interest rate 

σ0 The initial annual volatility  

β<0 The elasticity of variance 

Wt The Wiener Process 

T Option expiration in years 

N Number of monitored prices 

K The strike price 

i The subintervals for the set of time points 

u A function for transforming a CEV process to an SQB process 

X Path skeleton sampled from the randomized gamma distributions 

Table 1 Explanations of notations 

4.2 Problem formulation 

 

As mentioned earlier, our aim in this paper is to simulate the asset price by exact path 

sampling under the CEV model, and to price each of four different exotic options. These 

options are the put and call of a standard lookback option and an average (or Asian) price 

option.  

Since the options we pricing are path-dependent, we need monitor the asset price at a set of 

time points, T = {ti}i=0,1,…,N  of the time interval [0,T],  T  > 0. This is given by:  

i

iT
t

N
  0 i N   
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We can obtain the asset price path ( )

i

r

tS  by a driftless CEV process as follows: 

                                             
( ) (0)i

i i

rtr

t uS e S             (1.6) 

Where (0)

iuS
  
is: 

                                
(0) 2 2 2 1/(2 )

0 0( )
i iu uS S X                                     (1.7) 

Finally, to price the options we use their payoff equation given by: 

 Average price call: max{ ,0}NA K  

 Average price put: max{ ,0}NK A  

 Standard lookback call: T nS m  

 Standard lookback put: N TM S   

Where the average price of the underlying asset is: 

 1

1
i

n

N t

i

A S
N 

    

 the maximum asset price reached during the life of the option: 

0
max

iN t
i N

M S
 


 

and minimum asset price reached during the life of the option: 

 
0
min

iN t
i N

m S
 

  

In the next section we find a way to simulate the stock price by exact path sampling and to 

price each option.  

4.3 The Theoretical Solution 

 

In this section we introduce the theoretical solution to finding a way to price our options 

under the constant elasticity of variance model. All assumed values and methods in this 

section are described according to Roman N Makarov and Devin Glew‟s paper. 
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Our primary goal is simulate a path skeleton (S0, S1,…,
it

S ), S of the stock price. To do this, we 

simulate some underlying x-process at a set of time points that are generated by a reduced 

squared Bessel process. We then obtain the values of St by applying the mapping S(x). Once 

we have trajectory of stock prices we can then calculate the payoff of the respective options at 

each time point. We then go onto use Monte Carlo simulation to repeat this process get an 

average value for the payoff.  Let‟s look at how this is done in more detail.   

 

We let X be a sampled increment of an SQB process (Xt) representing the underlying process 

of the asset price. That is for every time partition 0= t0< t1< …< tN, N≥1, we sample a time a 

path skeleton X = (X0, X1,…, XN,), Xn≡
nt

X , from probability distributions. Two methods of 

how this is done are described further on. For now, we look at the standard inputs used to 

simulate any SQB processes. To represent our inputs we introduce notations µ, X0 and ui. 

 

The value µ is given by 0

2

2
 –  1µ

v


   where v=2 and the value of λ0 is defined according to the 

specific type of SQB process. In our case this is a CEV process and λ0 is given by λ0=2+1/β. 

By substitution, our new value for µ becomes
1

 
2

µ


 .  

To obtain the value X0 we use the CEV mapping  
2

2 2
X

S
S



 



  where β =2, and the CEV 

assumption 0 0( )locS S   with 0 0( )loc S  . For X0, the mapping then becomes  
2

0
0 2 2

X
S

S


 



   

and we can obtain δ as by substituting 0  into 0 0( )locS S   and rearranging it to get 

0

0S 


  .  Finally, δ is substituted into the mapping function to give us 0 2

0

1

2
X

 
 . 

Finally, the value ui is given by 
1

1

1
t

i

e
u








 , and for a CEV process λ1=2rβ, this gives us 

2
1

2

irt

i

e
u

r






 . 
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In conclusion, to simulate a SQB process, the initial inputs are: 

1. µ=1/2β  

2. 
0 2

0

1

2
X

 
  

3.
2

1

2

irt

i

e
u

r






  

We now present two different methods for sequential sampling of a SQB process using the 

inputs above. We want to be able to sample an increment of the SQB process on the 

conditions of it surviving or being absorbed before the sampling time t. We first simulate the 

absorption event and then sample from a probability distribution in case of surviving.  We 

show how this can be done simply by employing the gamma distributions. Both methods 

presented below are conditioned on the first hitting time τ0 of the SQB process with 

absorption at zero. This means, we sample τ0 at the origin, and then sample from a probability 

distribution in case of surviving with its value tied at zero. In the first method our value for τ0 

is not defined while the other method we define the value for τ0 according to the first hitting 

time distribution of an SQB process. Let‟s look at how this is done. 

 

Method 1 

Assume that the SQB process (Xt) admits absorption at the origin and τ0 is not available. 

Furthermore, assume we want to look at the condition for the SQB process of surviving 

before time t and probability of absorption before time t for the process Xt. The probability of 

surviving Ps before time t, is given by a randomized gamma distribution of the third type    

G(Y + 1, 1/2t) where Y~ IΓ (|µ|, X/2t). The probability of absorption Pa before time t is given 

by: 

0

( , )
2( )

( )

X
µ

tP t
µ




 


 

The random increment Xt is sampled conditionally on τ0 and sampling time t. If τ0= then 

sample from the probability Pa of absorption, if t ≤ τ0 we sample from the probability Ps  of 

survival and if   t ≥ τ0 then set Xt = 0. We introduce a condition for the process to survive after 
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absorption when τ0= , so that if some random variable from the uniform distribution is less 

than Pa then we allow for τ0 to take on the value of t at that time. Once all the conditions are 

implemented and the process is simulated, the algorithm should return a sample path X. Our 

version of the algorithm can be found in appendix 10.2. 

Once we have produced the sequential sample path X, we can the then calculate a path for the 

driftless constant elasticity of variance process St by employing equations 1.6 and 1.7 at each 

monitored time price ti. Then when we have the path 
it

S , we can get the average price AN, the 

maximum price MN and the minimum price mn with the equations presented in section 4.1. 

From there, a payoff can be calculated for the option we choose to price. Finally, this whole 

process is repeated a large number of times with the Monte Carlo method to calculate a 

sample payoff and average it giving us the exact price. 

 

Method 2 

Consider again the SQB process (Xt) with absorption at the origin when τ0 is available. For a 

SQB process, the first hitting time distribution τ0 can be sampled by using the formula 0
0

2

X

Y
   

where Y~ G (|µ|, 1).   Since τ0 is available, we may first simulate τ0 and then simulate a path of 

Xt  conditional on τ0 before time t, using the gamma distribution of the first type  G(Y+ θ +1, 

β)  with θ=|µ|, 0

0

( 1)

2

X

t







  and 0

02 ( )t t








. As result, we obtain a sequential sampling 

algorithm conditional on τ0, where  t ≤ τ0 samples from the randomized gamma distribution of 

the first type, and t ≥ τ0 sets Xt = 0. The algorithm can be found in appendix 10.3. 

Once we have produced the sequential sample path X, we continue in the exact same way as 

that presented in Method 1 to get the price of the chosen option.  

4.4 The MATLAB® algorithm translation 

 

In this section we show how the mathematical functions introduced in the previous sections 

are transformed and implemented in MATLAB®. The explanations in this section deal with 

the variables and computations used in Method 1. 
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The upper incomplete gamma function 

We start off by showing how the upper incomplete gamma function is put into practice with 

MATLAB®. As we mentioned earlier, the probability of absorption Pa before time t is given 

by 
0

( , )
2( )

( )

X
µ

tP t
µ




 


 where θ=|µ| and 
2

X

t
  . Thus Pa  is a function of upper incomplete gamma 

distributions. We now need to find a way to implement this into MATLAB®.  

 

In MATLAB® the function for the incomplete gamma function is gammainc(x, a, tail) 

where “tail” specifies the tail of the incomplete gamma distribution. Choices are „lower‟ (the 

default) and „upper‟. Note that the order of the parameters is reversed in MATLAB® so that  

θ is a and λ is x. Looking at MATLAB® help, and writing the function in terms of θ  and λ  

(in the non reserved order) we find that the MATLAB®  function is calculated as follows for 

a lower tail: 

1

0

1
( , )

( )

tgammainc t e dt



 


 
   

Identifying  1

0

tt e dt



  

   as the lower incomplete function we can write the equation as: 

( , )
( , )

( )
gammainc

  
 





 

Thus, when MATLAB® calculates the upper or lower incomplete gamma functions it divides 

the specified tail by a gamma distribution. Thus, for the upper incomplete gamma function, 

MATLAB® calculates as follows: 

11 ( , )
( , , ' ')

( ) ( )

tgammainc upper t e dt



 
 

 



  
 
   

Therefore, when calculating the probability of absorption 
0

( , )
2( )

( )

X
µ

tP t
µ




 


    we can omit the 

denominator since it already exists in the MATLAB®  function and we can simply write the 

MATLAB® function as  gammainc(lambda,theta,'upper') where lambda and theta are 

our predefined values for θ  and λ.   
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Computing the randomizer Y  

We now focus our attention to finding a way to simulate the discrete variable Y which follows 

an incomplete gamma distribution. As explained in chapter 3, the incomplete gamma 

distribution of a discrete variable Y, is given by: 

( )
{ }

( 1) ( , )

n

np P Y n e
n


  

   


 

  
      

To simulate Y we can employ a method described by L.Devroye‟s paper “A simple generator 

for discrete Log-concave Distributions”, the algorithm can be found in appendix 10.4. This 

method allows for Y to be calculated in terms of the mode m instead of n and in turn allows 

for the lowest computational cost. This is done as follows.  Make use of the fact that the 

incomplete Gamma distribution of Y is log-concave and is therefore decreasing in n. This 

implies that the distribution is also unimodal and the distribution of Y has two unique modes 

at consecutive integers. For an incomplete gamma distribution, one of the two modes is 

always found to be at: 

max{0, }m       

Where       denotes the closest integer to λ – θ. We calculate pm  and use the by 

L.Devroye‟s to calculate Y. This is basically done by searching the algorithm at the mode m 

and then successively calculating probabilities of values to left and to the right of the mode, 

choosing the largest one. Notice from the algorithm, that with this method, the probability of 

pm need only be computed once and that the other probabilities can be obtained by using 

simple recurrences.  

In L.Devroye‟s paper the value pm+K/pm  is calculated  and we need to find a way to implement 

this without the evaluation of the incomplete gamma function. This can be done by the 

formula below: 

1

1

1

( 1) 0

( ) 0

K

j K
m K

K
m K

j

m j K
p

p
m j K

 

 











   


 
   







 

The proof for this is explained below.  
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We start off by writing pm+K/pm  as 

( )

( 1) ( , )

( )

( 1) ( , )

m K

m K

m

m

e
p m K

p
e

m







 

   

 

   

 









   




  

 

       ( 1)

( 1)

m K

m

m

m K





 

 

 



  

   

 

             ( 1)

( 1)

K m

m K

 



  

   

 

We now try to find a way to rewrite the last equation. We the make use of the following 

Gamma function property:  

( 1) ( )x x x     

to rewrite ( 1)m    , for K < 0 this then becomes: 

( 1) ( ) ( )m m m          

                   

( )( 1) ( 1)

( )( 1)......( 1) ( 1)

m m m

m m m K m K

  

   

      

          

 

 

Dividing both sides by ( 1)m K      we obtain: 

1( 1)
( 1)

( 1) j K

m
m j

m K










  
   

   
  

We can now substitute 
1

( 1)
j k

m j




    into the equation for m K

m

p

p

  to give us 

1( 1)
( 1)

( 1)

K
Km K

j Km

p m
m j

p m K

 
 








  
    
   

  

Thus, m K

m

p

p

  can be computed without having to use the incomplete gamma distribution. 
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 We then follow the same procedure for the case K > 0. We rewrite ( 1)m K      in same 

manner as before: 

( 1) ( ) ( )

( )( 1) ( 1)

( )( 1).......( 1) ( 1)

m K m K m K

m K m K m K

m K m K m m

  

  

   

         

         

          

 

We can then rewrite this as: 
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Substituting 
0
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m j m 


     into the equation for m K

m
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 , we get:  
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Once again, m K

m

p

p

  can be computed without having to use the incomplete gamma 

distribution. 

 

4.5 Problems 

In this section we describe the difficulties we ran into when producing the algorithm with 

method 1. The algorithm was unable to return a value for the incomplete gamma distribution 

given by  

( )
{ }

( 1) ( , )

n

np P Y n e
n


  

   


 

  
    

This could be due to the fact that we assign n the value of the mode. The mode value is too 

large and the value probability then becomes too small.  We then resorted to only using the 

algorithm constructed with Method 2. In the following chapter, all results are obtained using 

the algorithm constructed with method. 
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5 - MATLAB Application 
 
We have now reached the point where we need a platform to implement all our methods and 

objectives that we have discussed so far. Hence a MATLAB GUI is created and depicted 

below. 

5.1 The Graphical User Interface  

 
This program is constructed such that it is user friendly and very easy to handle. There are 

already values (chosen from Roman N. Makarov and Devin Glew‟s paper) found in the input 

boxes when starting the program. Further when one feels ready to implement his own input 

arguments there exists a “Reset”-button that empties all input boxes and the clears the graph 

so that he is ready to go.  

 

Figur 1 - Outlook of MATLAB GUI 

As you can see, the user can choose the option he wishes to be priced by selecting the 

appropriate radio button. Once the user has selected the option, they can then proceed to 

generate the values by pressing the “Generate!” button. The price of the selected option, as 

well as its 95% confidence intervals, will appear in the boxes in the bottom left corner of the 

GUI. A graph is simultaneously produced displaying the simulation process for obtaining the 

option price as well as the confidence intervals. 
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5.2 – Real stock price and volatility 

 
In this program we have included a feature that gives the user the possibility to retrieve real 

quoted stock prices on the market as well as its annual volatility. These data are imported 

from Yahoo! Finance (finance.yahoo.com) mainly using the MATLAB function urlread. 

Notice in figure 1 that there is a toggle button called “Get real stock price and volatility!”. 

Once we click on that button the graph in the GUI will disappear and be replaced by a 

completely new panel.  

 

Figure 2 - Outlook of MATLAB GUI; Get real price and volatility 

In this appearing panel there are mainly two arguments that must be set. The first one is your 

observation date. In general, the most interesting date one usually wants to see is the current 

date; hence we have added a pushbutton “Today” that sets the current date in the edit box. 

The second argument is the stock ticker name for the stock one is interested in. We can now 

press the button “Get!” and the data will automatically be assigned to your parameter set. 

These imported values will also be highlighted in yellow color (see figure 2), and will remain 

so until you change or reset your values. Moreover, if one is not interested to retrieve values 

from the internet he can simply press “<<<Hide” (or cancel-button) to make the panel 

disappear and re-display the graph again.  

The stock price that you get is the closing price for the date that you put in. The annual 

volatility calculated on a sample of daily historical data from January 1th, 2000 up until your 

observation date. This information description is also displayed in the within the appearing 

panel as a static text. 
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5.3 - The warning windows 
 

The warning windows are pop-up windows displayed when there are erroneous input 

arguments in the MATLAB program. The input arguments must be logical and numerical 

numbers. For instance we can understand that the initial asset price, volatility or the number 

of projections cannot be letters or negative. If one types in an invalid input argument, say, the 

strike price, the following window will appear.  

 

 
Figure 3 - Outlook of error box  

 

Each input arguments constraint is determined within its callbacks (that is, the call back of the 

particular edit box). 

  

5.4 - The wait bar 

 
Once all input arguments are fully specified in the program we will then execute our program 

by pushing the button “Generate”. This will start the algorithmic process behind the program 

and will take various times depending on two main factors: the number of monitored prices 

and the number of simulations. As we wait for the computer to run this process there will be a 

wait bar displayed where the progress of the work is shown in percentage terms. 

 

 

Figure 4 - Outlook of Waitbar 

Once the process is done the wait  bar will close and the results will display in the GUI. 
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6 - Results and analyses 
 

In this section we will analyze how a change in the input factors affects the option price while 

holding other factors constant (cēterīs paribus).We will then make observations on the option 

price to see whether it moves in a reasonable fashion or not. Throughout this chapter we will 

only consider the following input values. 

S0 100 

0  
25% 

r 2% 

K 100 

T 0.5 

  -2 

n 128 

N 10,000 

  

6.1 - Option price against changes in strike price 

 
The first test is to see how changes in strike price affect the option price. Recall that we don‟t 

need to consider lookback options in this test since they are not concerned with strike prices. 

 

Figure 5 Option price VS strike price 

The results show that as we increase our strike price the higher the price of the option will be. 

For this trend to be feasible the stock returns must be negative. 

 

 



Bachelor thesis in Mathematics/Applied Mathematics 

25 

 

6.2 - Option price against changes in annual volatility levels 

 
When testing different volatility levels we got a downward trend for prices of put options and 

an upward trend in the prices of call options. Below you can see the price for put options of 

both types. 

 

Figure 6 – Option price VS Volatility levels 
 

6.3 - Option price against changes in interest rate 

 
When testing different interest rates vs. the price of a lookback put options and we got the 

following values. 

Interest rate 2% 4% 6% 8% 10% 

Lockback put price 79.1565 79.0919 78.8808 78.6821 78.2658 

 

To see the results we plotted these values against each other and got a downwards sloping 

trend. 

 

Figure 7 Lookback put option price VS interest rates  
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This result clearly reflects typical macro economical behavior that when interest rates 

increases other asset classes will get cheaper, in our case the option price. The main reason for 

this is mainly that investors gets a lower incentive to invest in risky asset classes when they 

have the alternative to obtain a certain high return from investing in riskless assets. However, 

this example, correctly, shows the direction of the option price but probably doesn‟t reflect 

real life magnitude of price. 

6.4 - Option price against changes in maturity 

 
When testing the option prices against maturity we observed something really interesting. As 

we extend the maturity (in years) we notice that the marginal option price increases sharply in 

the beginning but slows down with time. 

Maturity 0.5 1 1.5 2 2.5 3 5 10 15 

Lookback 

call price 

12.8015 15.4218 16.1091 16.551 18.9646 18.4686 21.0225 22.7163 22.881 

 

Interestingly, the longer we wait the higher the option price we will get but with decreasing 

marginal change. This could be because in the short run there is a high marginal price because 

of short term trading while in the long run the market is less predictable and we get a lower 

marginal price as compensation. 

 

Figure 8 Option price VS maturity 
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6.5 - Option price against changes in elasticity of variance 

 
This test was conducted to see how the effect the elasticity of variance, which is an important 

factor in the Constant Elasticity of Variance model, will affect the option price for the Asian 

and the Lookback option. 

Elasticity of variance -1 -2 -3 -4 -5 

Asian average put price 95.0527 76.8051 58.7557 46.1253 36.9059 

Lookback  put price 97.6095 79.4258 62.728 49.3901 39.8522 

 

From this table we can see that the Elasticity of variance has a positive correlation to the 

option prices of both types. The depiction of this trend is show below. 

 

Figure 9 – Option price against maturity 
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6.6 - Option price against number of monitored prices 

 
Lastly we are considering the number of monitored prices against the option prices for both 

types (Asian and Lookback). As seen in the table below the prices are increasing as we 

monitor more prices. 

 100 200 300 400 500 

Average put price 74.7079 79.8138 82.1509 83.5733 84.5693 

Lockback  put 77.9126 80.9096 83.4699 84.7036 85.5905 

 

However, in the picture below we can also notice that the marginal change of option prices 

decreases as we monitor more prices which will eventually converge to a certain option price. 

So the more numbers we monitor the more accurate the option price we will get. 

 

Figure 10 – Option price against # of monitored prices 

As seen here and in the previous tests we notice that the lookback put option is always higher 

than the asian put option (with our input values). But of course, the asian option will surely be 

higher if we choose a higher strike price for it.   
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7 – Conclusions 
 

In this paper we have shown that it is possible to price complex path dependant options with 

the method described by Roman N. Makarov and Devin Glew in their paper “Exact 

Simulations of Bessel Diffusion”. We realize the effectiveness of being able to reduce 

complicated diffusion processes to simple multivariate probability distribution in order to 

construct an algorithm. 

With the help of the MATLAB® GUI that we have created we can easily price options and 

predict trends. The MATLAB® program is also useful for investigating factors that affect the 

value of exotic options. It has been constructed such that it is practical and easy to handle and 

additional buttons were put in for this purpose.  We also made it possible to retrieve real stock 

quotes and volatility from the internet. This can be useful when testing this models outcome 

option price against real option prices. However, we have learnt that although some numerical 

methods may work in theory they are not as easy to implement in practice. 
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9 – Appendix 

9.1 Historical Stock Data Function 
 

function stocks = hist_stock_data(start_date, end_date, varargin) 
% HIST_STOCK_DATA     Obtain historical stock data 
%   hist_stock_data(X,Y,'Ticker1','Ticker2',...) retrieves historical stock 
%   data for the ticker symbols Ticker1, Ticker2, etc... between the dates 
%   specified by X and Y.  X and Y are strings in the format ddmmyyyy, 
%   where X is the beginning date and Y is the ending date.  The program 
%   returns the stock data in a structure giving the Date, Open, High, Low, 
%   Close, Volume, and Adjusted Close price adjusted for dividends and 
%   splits. 
% 
%   hist_stock_data(X,Y,'tickers.txt') retrieves historical stock data 
%   using the ticker symbols found in the user-defined text file.  Ticker 
%   symbols must be separated by line feeds. 
% 
%   EXAMPLES 
%       stocks = hist_stock_data('23012003','15042008','GOOG','C'); 
%           Returns the structure array 'stocks' that holds historical 
%           stock data for Google and CitiBank for dates from January 
%           23, 2003 to April 15, 2008. 
% 
%       stocks = hist_stock_data('12101997','18092001','tickers.txt'); 
%           Returns the structure arrary 'stocks' which holds historical 
%           stock data for the ticker symbols listed in the text file 
%           'tickers.txt' for dates from October 12, 1997 to September 18, 
%           2001.  The text file must be a column of ticker symbols 
%           separated by new lines. 
% 
%       stocks = hist_stock_data('12101997','18092001','C','frequency','w') 
%           Returns historical stock data for Citibank using the date range 
%           specified with a frequency of weeks.  Possible values for 
%           frequency are d (daily), w (weekly), or m (monthly).  If not 
%           specified, the default frequency is daily. 
% 
%   DATA STRUCTURE 
%       INPUT           DATA STRUCTURE      FORMAT 
%       X (start date)  ddmmyyyy            String 
%       Y (end date)    ddmmyyyy            String 
%       Ticker          NA                  String  
%       ticker.txt      NA                  Text file 
% 
%   OUTPUT FORMAT 
%       All data is output in the structure 'stocks'.  Each structure 
%       element will contain the ticker name, then vectors consisting of 
%       the organized data sorted by date, followed by the Open, High, Low, 
%       Close, Volume, then Adjusted Close prices. 
% 
%   DATA FEED 
%       The historical stock data is obtained using Yahoo! Finance website. 
%       By using Yahoo! Finance, you agree not to redistribute the 
%       information found therein.  Therefore, this program is for personal 
%       use only, and any information that you obtain may not be 
%       redistributed. 
% 
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%   NOTE 
%       This program uses the Matlab command urlread in a very basic form. 
%       If the program gives you an error and does not retrieve the stock 
%       information, it is most likely because there is a problem with the 
%       urlread command.  You may have to tweak the code to let the program 
%       connect to the internet and retrieve the data. 

  
% Created by Josiah Renfree 
% January 25, 2008 

  
stocks = struct([]);        % initialize data structure 

  
% split up beginning date into day, month, and year.  The month is 
% subracted is subtracted by 1 since that is the format that Yahoo! uses 
bd = start_date(1:2);       % beginning day 
bm = sprintf('%02d',str2double(start_date(3:4))-1); % beginning month 
by = start_date(5:8);       % beginning year 

  
% split up ending date into day, month, and year.  The month is subracted 
% by 1 since that is the format that Yahoo! uses 
ed = end_date(1:2);         % ending day 
em = sprintf('%02d',str2double(end_date(3:4))-1);   % ending month 
ey = end_date(5:8);         % ending year 

  
% determine if user specified frequency 
temp = find(strcmp(varargin,'frequency') == 1); % search for frequency 
if isempty(temp)                            % if not given 
    freq = 'd';                             % default is daily 
else                                        % if user supplies frequency 
    freq = varargin{temp+1};                % assign to user input 
    varargin(temp:temp+1) = [];             % remove from varargin 
end 
clear temp 

  
% Determine if user supplied ticker symbols or a text file 
if isempty(strfind(varargin{1},'.txt'))     % If individual tickers 
    tickers = varargin;                     % obtain ticker symbols 
else                                        % If text file supplied 
    tickers = textread(varargin{1},'%s');   % obtain ticker symbols 
end 

  
h = waitbar(0, 'Please Wait...');           % create waitbar 
idx = 1;                                    % idx for current stock data 

  
% cycle through each ticker symbol and retrieve historical data 
for i = 1:length(tickers) 

     
    % update waitbar to display current ticker 
    waitbar((i-1)/length(tickers),h,sprintf('%s %s %s%0.2f%s', ... 
        'Retrieving stock data for',tickers{i},'(',(i-

1)*100/length(tickers),'%)')) 

         
    % download historical data using the Yahoo! Finance website 
    [temp, status] = 

urlread(strcat('http://ichart.finance.yahoo.com/table.csv?s='... 
        ,tickers{i},'&a=',bm,'&b=',bd,'&c=',by,'&d=',em,'&e=',ed,'&f=',... 
        ey,'&g=',freq,'&ignore=.csv')); 

     
    if status 



Bachelor thesis in Mathematics/Applied Mathematics 

33 

 

        % organize data by using the comma delimiter 
        [date, op, high, low, cl, volume, adj_close] = ... 
            strread(temp(43:end),'%s%s%s%s%s%s%s','delimiter',','); 

  
        stocks(idx).Ticker = tickers{i};        % obtain ticker symbol 
        stocks(idx).Date = date;                % save date data 
        stocks(idx).Open = str2double(op);      % save opening price data 
        stocks(idx).High = str2double(high);    % save high price data 
        stocks(idx).Low = str2double(low);      % save low price data 
        stocks(idx).Close = str2double(cl);     % save closing price data 
        stocks(idx).Volume = str2double(volume);      % save volume data 
        stocks(idx).AdjClose = str2double(adj_close); % save adjustied 

close data 

         
        idx = idx + 1;                          % increment stock index 
    end 

     
    % clear variables made in for loop for next iteration 
    clear date op high low cl volume adj_close temp status 

     
    % update waitbar 
    waitbar(i/length(tickers),h) 
end 
close(h)    % close waitbar 
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9.2 Algorithm constructed with method 1 
 
%Algorithm for producing array of X values. 

  
function x=algo(v,B,N,u) 

  
%Assigned values:  

  
% v= volatility 
% B= elasticity of variance 
% N= number of monitored prices 
% u= modified time moments 

  
%The sequential sampling method for an SQB process with absorption at the 
%orgin 

  
%Preparation 
x = 0:N; 
% x_0 
x(1)=1.0/((v^2)*(B^2));                          
mu=1/(2*B); 
Tow=inf; 
theta = abs(mu); 
for n=1:N   
    lambda = x(n)/(2*(u(n+1)-u(n))); 
    if (Tow==inf) 
        %Calculation with gamma probabilty function. 
        U=unifrnd(0,1); 
        p=gammainc(lambda,theta,'upper'); 
        if (U<p) 
            Tow = u(n+1); 
        end 
    end 
    if (u(n+1)<Tow) 
        %Algorithm inputs for P 90, L.Devroye:  
        % To calculate m (P17 Makarov and Glew): 
        m=max(0,round(lambda-theta)); 
        % To calculate p(m) with the incomplete gamma distrubution(P5 

Makarov and Glew): 
        p_m=exp(-

lambda)*lambda^(m+theta)/(gamma(m+theta+1)/gammainc(lambda,theta)); 
        %Algorithm P90, L.Devroye: 
        % To calculate Y: 
        w=1+p_m/2; 
        while (true) 
            alpha1=unifrnd(0,1); 
            alpha2=unifrnd(0,1); 
            V=unifrnd(0,1); 
            if (V<0.5) 
                S=-1; 
            else 
                S=1; 
            end 
            if (alpha1<w/(1+w)) 
                alpha3 = unifrnd(0,1); 
                X=alpha3/p_m; 
            else 
                e = exprnd(1); 
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                X=(w+e)/p_m; 
            end 
            K=S*round(X); 
            %To calculate p(m+K): 
            p_m_K = 1.0; 
            if (K<0) 
                for j=K:-1 
                    p_m_K = p_m_K/lambda*(m+theta+j+1); 
                end 
            else 
                for j=0:K-1 
                    p_m_K = p_m_K*lambda/(m+theta+j+1); 
                end 
            end 
            % if until condition is true break 
            if (K>=-m && alpha2*min(1,exp(w-p_m*X))<=p_m_K) 
                Y=m+K; 
                break;  
            end 
        end 
        %Calculation of X with randomized gamma density function: 
        x(n+1)=random('gamma',Y+1,1/(2*(u(n+1)-u(n))));     
    else 
       x(n+1)=0; 
    end 
end 

  



Bachelor thesis in Mathematics/Applied Mathematics 

36 

 

9.3 Algorithm constructed with method 2 
 

function x=algo(v,B,N,u)  

  
%Assigned values:  

  
% v= volatility 
% B= elasticity of variance 
% N= number of monitored prices 
% u= modified time moments 

  

  
% Sequential sampling method conditional on the first hitting time, for 
% modelling and SQB process with absorption at the orgin. 

  
    x = 0:N; 
    % x_0 
    x(1)=1.0/((v^2)*(B^2));   
    mu=1/(2*B); 
    lambda = abs(mu); 
    y = random('gamma',lambda,1); 
    %tau0 is the firts hitting time: 
    tau0 = x(1)/(2*y); 
    for n=1:N 
        if (u(n+1)<tau0) 
            z = random('Poisson',x(n)*(tau0-u(n+1))/(2*(tau0-u(n))*(u(n+1)-

u(n)))); 
            x(n+1) = random('Gamma',z+lambda+1,(tau0-u(n))/((tau0-

u(n+1))/(u(n+1)-u(n)))); 
        else 
            x(n+1) = 0; 
        end 
    end 
end 
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9.4  - Devroy’s method for calculating the randomizer Y 
%Algorithm P90, L.Devroye: 
        % To calculate Y: 
        w=1+p_m/2; 
        while (true) 
            alpha1=unifrnd(0,1); 
            alpha2=unifrnd(0,1); 
            V=unifrnd(0,1); 
            if (V<0.5) 
                S=-1; 
            else 
                S=1; 
            end 
            if (alpha1<w/(1+w)) 
                alpha3 = unifrnd(0,1); 
                X=alpha3/p_m; 
            else 
                e = exprnd(1); 
                X=(w+e)/p_m; 
            end 
            K=S*round(X); 
            %To calculate p(m+K): 
            p_m_K = 1.0; 
            if (K<0) 
                for j=K:-1 
                    p_m_K = p_m_K/lambda*(m+theta+j+1); 
                end 
            else 
                for j=0:K-1 
                    p_m_K = p_m_K*lambda/(m+theta+j+1); 
                end 
            end 
            % if until condition is true break 
            if (K>=-m && alpha2*min(1,exp(w-p_m*X))<=p_m_K) 
                Y=m+K; 
                break;  
            end 
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9.5 M-file Gui used with method 1 algorithm 
function varargout = thesis(varargin) 
% THESIS M-file for thesis.fig 
%      THESIS, by itself, creates a new THESIS or raises the existing 
%      singleton*. 
% 
%      H = THESIS returns the handle to a new THESIS or the handle to 
%      the existing singleton*. 
% 
%      THESIS('CALLBACK',hObject,eventData,handles,...) calls the local 
%      function named CALLBACK in THESIS.M with the given input arguments. 
% 
%      THESIS('Property','Value',...) creates a new THESIS or raises the 
%      existing singleton*.  Starting from the left, property value pairs 

are 
%      applied to the GUI before thesis_OpeningFcn gets called.  An 
%      unrecognized property name or invalid value makes property 

application 
%      stop.  All inputs are passed to thesis_OpeningFcn via varargin. 
% 
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one 
%      instance to run (singleton)". 
% 
% See also: GUIDE, GUIDATA, GUIHANDLES 

  
% Edit the above text to modify the response to help thesis 

  
% Last Modified by GUIDE v2.5 21-Jun-2010 20:24:44 

  
% Begin initialization code - DO NOT EDIT 
gui_Singleton = 1; 
gui_State = struct('gui_Name',       mfilename, ... 
                   'gui_Singleton',  gui_Singleton, ... 
                   'gui_OpeningFcn', @thesis_OpeningFcn, ... 
                   'gui_OutputFcn',  @thesis_OutputFcn, ... 
                   'gui_LayoutFcn',  [] , ... 
                   'gui_Callback',   []); 
if nargin && ischar(varargin{1}) 
    gui_State.gui_Callback = str2func(varargin{1}); 
end 

  
if nargout 
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:}); 
else 
    gui_mainfcn(gui_State, varargin{:}); 
end 
% End initialization code - DO NOT EDIT 

  

  
% --- Executes just before thesis is made visible. 
function thesis_OpeningFcn(hObject, eventdata, handles, varargin) 
% This function has no output args, see OutputFcn. 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
% varargin   command line arguments to thesis (see VARARGIN) 

  
% Choose default command line output for thesis 
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handles.output = hObject; 

  
%Assigning default values when opening the gui: 

  
handles.S0 = 100;        % ass= asset price at time 0 
handles.sigma = 0.25;    % vol= volatility 
handles.r = 0.02;        % ris = interest rate 
handles.K = 100;           % str= strike price 
handles.TT = 0.5;        % exp= maturity 
handles.B = -2;          % ela= elasticity of variance 
handles.nn = 128;        % mon= number of monitored prices 
handles.NN = 10000;        % pro= number of simulations 
handles.type = 1;   
handles.RealS0 = '';   % realS0= real stock price called from Yahoo! 

Finance. 
handles.RealDate = ''; 

  
%Set string in "Get real stock price and volatility function to a 
%decriptive static information text: 
set(handles.infogetreal,'String',sprintf('Retrieve quoted stock price and 

volatility from Yahoo! Finance for the corresponding date and ticker that 

you put in. The volatility is based on a sample of daily historical data 

from Jan 1, 2000 up until your observation date.\nFor convenience, you can 

press the button "Today" to get the current date.')) 

  
%Assigning values to each editbox: 
set(handles.ass,'String',num2str(handles.S0)); 
set(handles.vol,'String',num2str(handles.sigma)); 
set(handles.ris,'String',num2str(handles.r)); 
set(handles.str,'String',num2str(handles.K)); 
set(handles.exp,'String',num2str(handles.TT)); 
set(handles.ela,'String',num2str(handles.B)); 
set(handles.mon,'String',num2str(handles.nn)); 
set(handles.pro,'String',num2str(handles.NN)); %# of simulations 

  

  

  
% Update handles structure 
 guidata(hObject, handles); 

  
% UIWAIT makes thesis wait for user response (see UIRESUME) 
% uiwait(handles.figure1); 

  

  
% --- Outputs from this function are returned to the command line. 
function varargout = thesis_OutputFcn(hObject, eventdata, handles)  
% varargout  cell array for returning output args (see VARARGOUT); 
% hObject    handle to figure 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Get default command line output from handles structure 
varargout{1} = handles.output; 

  

  

  
function ris_Callback(hObject, eventdata, handles) 
% hObject    handle to ris (see GCBO) 
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% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of ris as text 
%        str2double(get(hObject,'String')) returns contents of ris as a 

double 
entry = str2double(get(hObject,'String')); 
if isnumeric(entry)&& entry >0  %its ok 
    handles.r = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid interest rate ','Error');% show error message for 

anything else 
    set(hObject,'String',num2str(handles.r)); %return old value of Initial 

interest rate 
end   

  
% --- Executes during object creation, after setting all properties. 
function ris_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to ris (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  
function vol_Callback(hObject, eventdata, handles) 
% hObject    handle to vol (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of vol as text 
%        str2double(get(hObject,'String')) returns contents of vol as a 

double 
entry = str2double(get(hObject,'String')); 
if isnumeric(entry)&& entry >0  %its ok 
    handles.sigma = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid initial annual volatility','Error');% show error 

message for anything else 
    set(hObject,'String',num2str(handles.sigma)); %return old value of 

Initial interest rate 
end   

  
set(handles.vol,'backgroundcolor','w') %Change backround color of affected 

parameter 
set(handles.vol,'FontWeight','normal')   %Change Font Weight of affected 

parameter 

  

  
% --- Executes during object creation, after setting all properties. 
function vol_CreateFcn(hObject, eventdata, handles) 
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% hObject    handle to vol (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  
function ela_Callback(hObject, eventdata, handles) 
% hObject    handle to ela (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of ela as text 
%        str2double(get(hObject,'String')) returns contents of ela as a 

double 
entry = str2double(get(hObject,'String')); 
if isnumeric(entry) && entry <0  %its ok 
    handles.B = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid elasticity of variance!','Error');% show error 

message for anything else 
    set(hObject,'String',num2str(handles.B)); %return old value of Initial 

interest rate 
end   

  

  

  

  
% --- Executes during object creation, after setting all properties. 
function ela_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to ela (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  
function exp_Callback(hObject, eventdata, handles) 
% hObject    handle to exp (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of exp as text 
%        str2double(get(hObject,'String')) returns contents of exp as a 

double 
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entry = str2double(get(hObject,'String')); 
if isnumeric(entry)&& entry >0  %its ok 
    handles.TT = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid expiration date!','Error');% show error message for 

anything else 
    set(hObject,'String',num2str(handles.TT)); %return old value of Initial 

interest rate 
end   

  
% --- Executes during object creation, after setting all properties. 
function exp_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to exp (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  
function mon_Callback(hObject, eventdata, handles) 
% hObject    handle to mon (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of mon as text 
%        str2double(get(hObject,'String')) returns contents of mon as a 

double 
entry = str2double(get(hObject,'String')); 
if isnumeric(entry) && entry >0 && ceil(entry) == floor(entry)  %its ok 
    handles.nn = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid number of monitored prices!','Error');% show error 

message for anything else 
    set(hObject,'String',num2str(handles.nn)); %return old value of M 
end   

  
% --- Executes during object creation, after setting all properties. 
function mon_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to mon (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 
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function str_Callback(hObject, eventdata, handles) 
% hObject    handle to str (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of str as text 
%        str2double(get(hObject,'String')) returns contents of str as a 

double 

  
entry = str2double(get(hObject,'String')); 
if isnumeric(entry)&& entry >0  %its ok 
    handles.K = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid strike price!','Error');% show error message for 

anything else 
    set(hObject,'String',num2str(handles.K)); %return old value of Initial 

interest rate 
end   

  
% --- Executes during object creation, after setting all properties. 
function str_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to str (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  

  
% --- Executes during object creation, after setting all properties. 
function ass_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to ass (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  
function pro_Callback(hObject, eventdata, handles) 
% hObject    handle to pro (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of pro as text 
%        str2double(get(hObject,'String')) returns contents of pro as a 

double 
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entry = str2double(get(hObject,'String')); 
if isnumeric(entry) && entry >0 && ceil(entry) == floor(entry)  %its ok 
    handles.NN = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid number of projections!','Error');% show error message 

for anything else 
    set(hObject,'String',num2str(handles.NN)); %return old value of M 
end   

  

  
% --- Executes during object creation, after setting all properties. 
function pro_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to pro (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Executes on button press in gen. 
function gen_Callback(hObject, eventdata, handles) 
% hObject    handle to gen (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
%CALCULATIONS: 

  
set(handles.axes1,'Visible', 'On') %Put the axis back! 
set(handles.uipanel5,'Visible', 'Off') %Take away the get-real-price panel. 
set(handles.datafind,'string', 'Get real stock price and volatility!') %Put 

back the text on datafind pushbutton 
set(handles.datafind,'Value',0) %Put back toggle buttons value to "Min". 

  
%Since we have a "reset" button and "Default" button we need to be able to 

make 
%sure that we are using the correct values in each edit box: 
handles.S0=str2double(get(handles.ass,'string')); 
handles.sigma=str2double(get(handles.vol,'string')); 
handles.r=str2double(get(handles.ris,'string')); 
handles.K=str2double(get(handles.str,'string')); 
handles.TT=str2double(get(handles.exp,'string')); 
handles.B=str2double(get(handles.ela,'string')); 
handles.nn=str2double(get(handles.mon,'string')); 
handles.NN=str2double(get(handles.pro,'string')); 

  
% Calculate t_n 
t=0:handles.nn;  
t = (t*handles.TT)/handles.nn; 
interval = handles.NN/100; 
passed = 0; 
wait = waitbar(0,'Please wait...');   
% prepare arrays for the graph 
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numSimulations = 1:100; 
numSimulations = numSimulations*interval; 
currentEstimate = zeros(size(numSimulations)); 
upperBound = zeros(size(numSimulations)); 
lowerBound = zeros(size(numSimulations)); 
cumulativeMean = 0; 
cumulativeVariance = 0; 
j = 1; 

  
%Input variable: 
u=(exp(2*handles.r*handles.B*t)-1)/(2*handles.r*handles.B);  

  
for i=1:handles.NN 

     
    %Creates X variable trajectory: 

     
    x = algo(handles.sigma,handles.B,handles.nn,u);  

     
    %Calculates stock price at maturity: 

     
    su=((handles.sigma^2)*(handles.S0^(-2*handles.B))*(handles.B^2)*x).^(-

1/(2*handles.B));  %changed! 

  
    st=(exp(handles.r*t)).*su; 

     
    %Average stock price:  
    avr=sum(st)./handles.nn;          

     
    %Maximum stock price: 
    ma=max(st);                   

     
    %Minimum stock price: 
    mi=min(st); 

     
    switch handles.type 
        %Computation of payoff's: 
        case 1  
           price=max(avr-handles.K,0);       %Working! 
        case 2      
           price=max(handles.K-avr,0);       %Working! 
        case 3     
           price=st(handles.nn+1)-mi;         %Working! 
        case 4 
           price=ma-st(handles.nn+1);         %Working! 
    end 
    cumulativeMean = cumulativeMean+price; 
    cumulativeVariance = cumulativeVariance+price*price; 
    if (i==numSimulations(j)) 
        % show waitbar 
        passed = passed+0.01; 
        waitbar(passed,wait,sprintf('%d%% of the simulation process is 

completed',... 
        round(100*passed)));  
        % calculate current sample mean  
        currentEstimate(j) = cumulativeMean/i; 
        % calculate current variance 
        currentVariance = cumulativeVariance/i-

currentEstimate(j)*currentEstimate(j); 
        % calculate 95 percent bounds 
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        dif = 1.96*sqrt(currentVariance/i); 
        upperBound(j) = currentEstimate(j)+dif; 
        lowerBound(j) = currentEstimate(j)-dif;  
        j = j+1; 
    end 
end 

  
close(wait); 
plot(numSimulations,upperBound,... 
     numSimulations,currentEstimate,... 
     numSimulations,lowerBound); 
title('Monte Carlo calculation of the option with 95% confidence 

intervals'); 
xlabel('Number of simulations') 
ylabel('Option Price') 
legend('Upper 95% confidence level', 'Option price','Lower 95% confidence 

level'); 
grid on  

  
%Getting the last prices of all three simulations: 
low=lowerBound(length(lowerBound)); 
price=currentEstimate(length(currentEstimate)); 
uppp=upperBound(length(upperBound)); 

  
%Assign obtained prices to each edit box: 
set(handles.lowerbound,'String', num2str(low)); 
set(handles.resultprice,'String',num2str(price)) ; 
set(handles.upperbound,'String',num2str(uppp)); 

  
guidata(hObject, handles); 

  
% --- Executes on button press in res. 
function res_Callback(hObject, eventdata, handles) 
% hObject    handle to res (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
%this will reset all our values: 
handles.S0 = 0;        % ass= asset price at time 0 
handles.sigma = 0;    % vol= volatility 
handles.r = 0;        % ris = interest rate 
handles.K = 0;           % str= strike price 
handles.TT = 0;        % exp= maturity 
handles.B = 0;          % ela= elasticity of variance 
handles.nn = 0;        % mon= number of monitored prices 
handles.NN = 0;        % pro= number of simulations 

  
%EMPTY ALL EDIT BOXES 
set(handles.ris,'string',''); 
set(handles.vol,'string',''); 
set(handles.ela,'string',''); 
set(handles.exp,'string',''); 
set(handles.mon,'string',''); 
set(handles.str,'string',''); 
set(handles.ass,'string',''); 
set(handles.pro,'string',''); 
%EMPTY ALL OUTPUT 
set(handles.lowerbound,'string','');  
set(handles.resultprice,'string','');  
set(handles.upperbound,'string',''); 
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%EMPTY AND CLEAR GRAPH 
cla(handles.axes1,'reset');  

  
set(handles.ass,'backgroundcolor','w') %Take away changed color 
set(handles.ass,'FontWeight','normal')   %Change Font Weight of affected 

parameter 
set(handles.vol,'backgroundcolor','w') %Take away changed color 
set(handles.vol,'FontWeight','normal')   %Change Font Weight of affected 

parameter 

  
set(handles.axes1,'Visible', 'On') %Put the axis back! 
set(handles.uipanel5,'Visible', 'Off') %Take away the get-real-price panel. 
set(handles.datafind,'string', 'Get real stock price and volatility!') %Put 

back the text on datafind pushbutton 
set(handles.datafind,'Value',0) %Put back toggle buttons value to "Min". 
% guidata(hObject, handles);  

  

  
% --- Executes on button press in Rad1. 
function Rad1_Callback(hObject, eventdata, handles) 
% hObject    handle to Rad1 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of Rad1 

  
if get(hObject,'Value')==get(handles.Rad1,'Max') 
    handles.type = 1; 
    guidata(hObject,handles); 
end 

  

  
% --- Executes on button press in Rad2. 
function Rad2_Callback(hObject, eventdata, handles) 
% hObject    handle to Rad2 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of Rad2 

  

  
if get(hObject,'Value')==get(handles.Rad2,'Max') 
    handles.type = 2; 
    guidata(hObject,handles); 
end 

  

  
% --- Executes on button press in Rad3. 
function Rad3_Callback(hObject, eventdata, handles) 
% hObject    handle to Rad3 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of Rad3 

  

  
if get(hObject,'Value')==get(handles.Rad3,'Max') 
    handles.type = 3; 
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    guidata(hObject,handles); 
end 

  

  
% --- Executes on button press in Rad4. 
function Rad4_Callback(hObject, eventdata, handles) 
% hObject    handle to Rad4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of Rad4 

  

  
if get(hObject,'Value')==get(handles.Rad4,'Max') 
    handles.type = 4; 
    guidata(hObject,handles); 
end 

  

  

  
function edit10_Callback(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit10 as text 
%        str2double(get(hObject,'String')) returns contents of edit10 as a 

double 

  
entry = str2double(get(hObject,'String')); 
if isnumeric(entry) && entry >0 && ceil(entry) == floor(entry)  %its ok 
    handles.RealDate = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid observation date! The date must be in the form 

DDMMYYYY.','Error');% show error message for anything else 
    set(hObject,'String',num2str(handles.RealDate)); %return old value of M 
end   

  

  

  
% --- Executes during object creation, after setting all properties. 
function edit10_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  

  
function edit11_Callback(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
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% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit11 as text 
%        str2double(get(hObject,'String')) returns contents of edit11 as a 

double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit11_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit11 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 

  

  
% --- Executes on button press in Getreal. 
function Getreal_Callback(hObject, eventdata, handles) 
% hObject    handle to Getreal (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.axes1,'Visible', 'On') %Put the axis back! 
set(handles.uipanel5,'Visible', 'Off') %Take away the get-real-price panel. 
set(handles.datafind,'string', 'Get real stock price and volatility!') %Put 

back the text on datafind pushbutton 
set(handles.datafind,'Value',0) %Put back toggle buttons value to "Min". 

  

  
% =============GETTING REAL PRICES & RISK FROM YAHOO! 

FINANCE=============== 
ChosenDate=get(handles.edit10,'String');    %Get observation date-input 
ChosenTicker=get(handles.edit11,'String');  %Get stock ticker 

  
stocks = hist_stock_data('01012000',ChosenDate,ChosenTicker);  
%This function brings us the tickers daily historical price data for the  
%periods "start_date" to "end_date". Notice that our start day is always 
%January 1, 2000. 

                                                          
latestprice=stocks.Close(1);  %This is the latest price in our time series 
                             %data vector.  
                             %The dates for each price is from returned 

from 
                             %newest to oldest, hence we need to use the 

1st 
                             %price in the vector. 

  
%We now need to calculate the volitility of the prices. Thus we need to 

have a 
%sample of prices to be able to calculate volatility. In this program 
%we set the START date to be 1 january 2000. Since today is year 2010 we 
%can compute the volatility based on 10 years of daily price time series. 
%Since time is in terms of years we must convert the obtained daily 
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%volatility into years, thus we are going to annualize the volatility. 
%It is also important to emphasize that we are using the close prices for 
%each stock. 

  
% CALCULATION OF Returns and Expected Returns: 

  
closevec = stocks.Close; %vector of stocks closing prices. 
long=length(stocks.Close); 
Returns = zeros(long,1); %Prepare space for returns 
Risks = zeros(long,1);   %Prepare space for risk 

  
guidata(hObject, handles);  

  
for ii=long:-1:2 %We stop at ii=2!! OBS!! if ii=1 we can not access ii-1=0 

in the calculation. 
                 %Also we go backwards in this loop since our data is given 
                 %in the form of "newest to oldest". 
    Return = (closevec(ii)-closevec(ii-1))/closevec(ii-1); % stock returns 
    Returns(ii,:) = Return; %Save all returns in a vector. 
end 

  
mean_ret=mean(Returns); %Calculate mean of all returns. 

  
% Calculation of Volatility: 
for jj=1:long 
RetVariance = (Returns(jj,:)-mean_ret).^2; %Deviation squared 
Risks(jj,:) = RetVariance; %save all deviation squared in one vector 
end 

  
Total_Variance=mean(Risks); %complete variance 
Standard_Deviation=sqrt(Total_Variance); %standard deviation 
Annualized_Daily_vol=Standard_Deviation*sqrt(252); %There are (ignoring 

leap years) 252 trading days in one year. 

  
handles.S0=latestprice; %Set price 
handles.sigma=Annualized_Daily_vol; %set volatility 

  
set(handles.ass,'String',num2str(handles.S0)); %assing to editbox 
set(handles.vol,'String',num2str(handles.sigma)); %assign to editbox    
set(handles.ass,'backgroundcolor','y') %Change backround color of affected 

parameter 
set(handles.vol,'backgroundcolor','y') %Change backround color of affected 

parameter 
set(handles.ass,'FontWeight','bold')   %Change Font Weight of affected 

parameter 
set(handles.vol,'FontWeight','bold')   %Change Font Weight of affected 

parameter 
%===============STOP REAL 

DATA============================================== 

  

  
% --- Executes on button press in hideandseek. 
function hideandseek_Callback(hObject, eventdata, handles) 
% hObject    handle to hideandseek (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% --- Executes on button press in Hideorfind. 
function Hideorfind_Callback(hObject, eventdata, handles) 
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% hObject    handle to Hideorfind (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of Hideorfind 

  

  
% --- Executes on button press in datafind. 
function datafind_Callback(hObject, eventdata, handles) 
% hObject    handle to datafind (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of datafind 

  
%Toggle button for "Get real stock price and volatility". 

  
button_state = get(hObject,'Value'); 
if button_state == get(hObject,'Max')  
 % Toggle button is pressed, take approperiate action 
set(handles.datafind,'string', '<<< Hide')      %change name on toggle 

button! 
set(handles.uipanel5,'Visible', 'On')           %put panel in 
set(handles.axes1,'Visible', 'Off')             %take away axis 
elseif button_state == get(hObject,'Min')   
 % Toggle button is not pressed, take appropriate action 
  set(handles.datafind,'string', 'Get real stock price and volatility!') 

%Change name on toggle button 
  set(handles.uipanel5,'Visible', 'Off')        %take away panel 
  set(handles.axes1,'Visible', 'On')            %put back axis 
end 
guidata(hObject, handles); 

  

  

  
% --- Executes on button press in togglebutton4. 
function togglebutton4_Callback(hObject, eventdata, handles) 
% hObject    handle to togglebutton4 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hint: get(hObject,'Value') returns toggle state of togglebutton4 

  

  
% --- Executes on button press in pushbutton7. 
function pushbutton7_Callback(hObject, eventdata, handles)  %CANCEL-BUTTON 
% hObject    handle to pushbutton7 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.axes1,'Visible', 'On') %Put the axis back! 
set(handles.uipanel5,'Visible', 'Off') %Take away the get-real-price panel. 
set(handles.datafind,'string', 'Get real stock price and volatility!') %Put 

back the text on datafind pushbutton 
set(handles.datafind,'Value',0) %Put back toggle buttons value to "Min". 

  
guidata(hObject, handles); 
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% --- Executes on button press in pushbutton8. 
function pushbutton8_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton8 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 
msgbox('Have a nice day!') %A little nice good bye message =) 
close(handles.figure1);    %Close the GUI 

  

  

  
% --- Executes on button press in pushbutton9. 
function pushbutton9_Callback(hObject, eventdata, handles)   %TODAY-button 
% hObject    handle to pushbutton9 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
Idag=datestr(today,'ddmmyyyy');  %Get todays date! 
set(handles.edit10,'string',Idag)   %Put in todays date in edit10-box! 

  
guidata(hObject, handles); 

  
function ass_Callback(hObject, eventdata, handles) 
% hObject    handle to ass (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of ass as text 
%        str2double(get(hObject,'String')) returns contents of ass as a 

double 

  
entry = str2double(get(hObject,'String')); 
if isnumeric(entry) && entry >0  %its ok 
    handles.S0 = entry;   %copy variable 
    guidata(hObject,handles);   %save changes  
else 
    errordlg('Invalid asset price!','Error');% show error message for 

anything else 
    set(hObject,'String',num2str(handles.S0)); %return old value of M 
end   

  
set(hObject,'backgroundcolor','w') %Take away changed color 
set(hObject,'FontWeight','normal')   %Change Font Weight of affected 

parameter 

  

  

  

  
% --- Executes on button press in pushbutton10. 
function pushbutton10_Callback(hObject, eventdata, handles) 
% hObject    handle to pushbutton10 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
set(handles.edit10,'string',''); %reset observation box 
set(handles.edit11,'string',''); %reset stock ticker box 

  

  
% --- Executes on button press in pushbutton12. 
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function pushbutton12_Callback(hObject, eventdata, handles) %Default 

button!!! 
% hObject    handle to pushbutton12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
%Assigning back default values: 
handles.S0 = 100;        % ass= asset price at time 0 
handles.sigma = 0.25;    % vol= volatility 
handles.r = 0.02;        % ris = interest rate 
handles.K = 100;           % str= strike price 
handles.TT = 0.5;        % exp= maturity 
handles.B = -2;          % ela= elasticity of variance 
handles.nn = 128;        % mon= number of monitored prices 
handles.NN = 10000;        % pro= number of simulations 

  
%Assigning default values to each edit box: 
set(handles.ass,'String',num2str(handles.S0)); 
set(handles.vol,'String',num2str(handles.sigma)); 
set(handles.ris,'String',num2str(handles.r)); 
set(handles.str,'String',num2str(handles.K)); 
set(handles.exp,'String',num2str(handles.TT)); 
set(handles.ela,'String',num2str(handles.B)); 
set(handles.mon,'String',num2str(handles.nn)); 
set(handles.pro,'String',num2str(handles.NN)); 

  
%Taking away yellow highlight "Initial asset price and Volatility" edit 
%boxes: 
set(handles.ass,'backgroundcolor','w') %Take away changed color 
set(handles.ass,'FontWeight','normal')   %Change Font Weight of affected 

parameter 
set(handles.vol,'backgroundcolor','w') %Take away changed color 
set(handles.vol,'FontWeight','normal')   %Change Font Weight of affected 

parameter 

  

  

  
function edit12_Callback(hObject, eventdata, handles) 
% hObject    handle to edit12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    structure with handles and user data (see GUIDATA) 

  
% Hints: get(hObject,'String') returns contents of edit12 as text 
%        str2double(get(hObject,'String')) returns contents of edit12 as a 

double 

  

  
% --- Executes during object creation, after setting all properties. 
function edit12_CreateFcn(hObject, eventdata, handles) 
% hObject    handle to edit12 (see GCBO) 
% eventdata  reserved - to be defined in a future version of MATLAB 
% handles    empty - handles not created until after all CreateFcns called 

  
% Hint: edit controls usually have a white background on Windows. 
%       See ISPC and COMPUTER. 
if ispc && isequal(get(hObject,'BackgroundColor'), 

get(0,'defaultUicontrolBackgroundColor')) 
    set(hObject,'BackgroundColor','white'); 
end 
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