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1- Stochastic Differential Equations (SDE). 
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1- Linear Model. 
2- Nonlinear Model. 
3- Stochastic Model. 
4- Efficient Market Hypothesis (EMH). 
5- Random Walk. 
6- Forecastability. 
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1- Chaos Theory 
2- Fractal Dimension. 
3- Rescaled Range Analysis. 
4- Mean Orbital Period. 
5- Khaloozadeh, H., Khaki Sedigh, A.,(2001). 
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1- French, K. R., Schwert, G. and Stambaugh, F., (1987). 
2- Diffusion Process. 
3- Stein et al (1987), Hall et al (1987), Dhillon et al (1991). 
4- Auto Regressive Conditional Heteroscedasticity. 
5- Chou R. (1988), Akgiray (1989), Bailey et al (1990), Heynen (1993). 
6- Chaotic Process. 
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1- Grassberger P. et al (1983), Takens F. (1980), Khaloozadeh et al (2004), Brok et al (1987). 
2- Lyapunov Exponent. 
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1- Continouse or Discrete Time. 
2- Deterministic or Stochastic. 
3- System Identification. 
4- Model Validation. 
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1- Soderstrom, T. and  Stoica, P., (1989). 
2- Unbiased. 
3- Schweppe, F. C. , (1973). 
4- Residuals. 
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1- Probability Density Function. 
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1- Black and Schols Option Pricing Model (BSOPM). 
2- Black, F. and Scholes, M., (1973). 
3- B&S. 
4- Brockman, P. and et. al., (1997). 
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1- Guassian White Noise. 
2- Stranovich Integrals. 
3- Drift. 
4- Oksendal, B., (1991). 
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3- SDE. 
4- Lebesgue Integral. 
5- Riman Integral. 
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1- Chain Rule. 
2- Merton, R., (1973). 



  ��  �����	
 ���
��� ���� /  ������� /  ���������  

 

6	)   4O/� �)P( s   �� 
	  ��N       ��0 �
�5 
	 �3/�90� �/
�� ��-)       
�	 �����" 6���
�

����~� #	
� ��"(/� 
��
Q� 
	 
- �
�	 �/5 ����Q� ��O���I��  ���:  

)`� (  0r ; rPP ss f& =  


/
��"  ���'(          :���� ��
!�3��+ ?6�� �� 4O/� ��K) 
	 )P( r   
���
Q� ��    ��

                    %
�
�"�� ��
�� 
���
Q� :�/� 
�- %)
�I� :/� 
	 ���- S6@ S�0 
��
Q� 
	 
	
3�

�0�
C��( �R� �� #��$ %
�
"�� %6� 
	 n"
��� 
�0��  ��Q/ ���:  

)`b(  trrr PPP ζσ+α=& 

  
-tζ   4/ 6�/��0                ��O����I/� 
���
Q� 4�/ %���@ 
�	 ) ����	 �"�(6�I" 9/�� 

 �0�
C�Ito	 2/�Q� �/5 �7� 
��  ���:  

)`f(  t
r
t

r
t

r
t dW P dt  P dP σ+α=  


-0} t;W{ t ≥ 4/  6�/��0     #�"� ���6�
��"� ��/)  .α ) σ        ) ����	 ���Hq� #�	��� 

��G 
/
��"  ���'(         #QI���+ #�80�� ?
��h� %��@ �� �$�6h 4O/� ��K) 
	    ��

  5�
/
��"  ���'(   #"� 4O/� �)6	 αpr .   
���
Q� :/� ��α       �
�R��� ����� ��5
�	 


RD�    ���
!". σ  
RD� ��
/��)     ��    ) ��5
	 m��tdW   4/ 6�/��0    ���/) }   J��( 

 #"� ���6�
�"� .α ��                ��5
�	 
�/ �
!�" #���$ 
	 
- 6�
	 �0�
C� ���&�� 6����


/
��"  
�    6�
	 
���� �1�O	 �1/� � .σ  B ���&��  ��0 �0�
C��� ��   ���� .σ 

�� ) 6�
H� ��	
� ��68� 6����Eq� 6�
	 �
�5 5� �6� 
��
�� �Q	
�  .  

 �����&�� ������&� �6����	� S����0 �0�
C���� ��O������I/� 
�����
Q� ����h ������	 

)(P log  ) U(P Y ttt ==      ��" ) ���� ��        ��O����I/� ���
�$ 5� ��
I��"� 
	   ����(

 ��O���I/� %\�
Q�) �0�
C�
	  �
-��/� ?���0 ���(��  #��� ����:  

  2
tt2

t

2

tt
t

tt dP)P,t(
P

U

2

1
dP)P,t(

P

U
dt)P,t(

t

U
dY

∂
∂+

∂
∂+

∂
∂= 

)`�( 
2

t
2r

t
2

t
r
t

r
t

22r
t

2

2
t

r
t

r
t

2r
t

dWPdWdt PP2  dt P

)dW P dt  P(dP

σ+σα+α=

σ+α=
 

             �0�
C�� ��O����I/� %\�
Q� 
	 s�	�� %
�F
/� �� ��K�� T	�)� 
	 
K�� 
	 .



   � ������	
�� 
��� ���� ����	 �� ������� �� ����� �����! "��#�$�%� &'  

�� #��� ����:  

)�g(  dtdWdW,dW ; 0dt,dWdt,dt 2
tttt =>=<>=>=<< 


A	�� %��@ :/� ��) `�(  
	 �7� �/5�/6H���  ���:  

)�`(  tdPdWP00dP
2r

t
22

t
2r

t
22r

t σ=σ++=  

n���� :��� 
	 )��   ����#���:  

  dt
2

1

P

dP
dtP

P

1

2

1

P

dP
0)P(logddY 2

r
t

r
t2r

t
2

2r
t

r
t

r
tr

tt σ−=σ−+== 

  tr
t

r
t dW  dt  

P

dP
σ+α= 

t
22

t
r
t dW  dt)

2

1
  (dt

2

1
dW  dt  )P(logd σ+σ−α=σ−σ+α=  )��(  

:/� �	
�	��  #��� ����:  

)�a(  )W(W  )tt)(
2

1
  ()P(log 1-tt0

2r
t −σ+−σ−α=Δ 

 ���	0t0 = ) 00 P)t(P = l����� #���:  

)��(  
t

2  W t)
2

1
  (

0t ePP
σ+σ−α

=   ,   
1-t

2  W )1t)(
2

1
  (

01-t ePP
σ+−σ−α

= 

 J
��"� ���	 �
!��" #����$ :���H� ?�����0 S���0 
��A	�� )� l�O��8� 5� ���\
��	 )

?6� �5
" �0�
C� ��O���I/� %\�
Q� 
	 #"� �� 6/*:  

  
] W(W  )

2

1
  [(

] W )1t)(
2

1
  [(] W t)

2

1
  [(

1t

t

1-tt
2

1-t
2

t
2

e

e
P

P

−σ+σ−α

σ+−σ−α−σ+σ−α

−

=

=
 

)��(  
] W(W  t)

2

1
  [(

1tt
1-tt

2

ePP
−σ+σ−α

−= 



  ��  �����	
 ���
��� ���� /  ������� /  ���������  

 

�� �� ���	 
���
 ���� ����  

�� �/�      5� �@
h �/
�� 
z,�+  ���	      ?6� 5� ��
I�"� 
	 �
!" #��$   
�  �A��  ) 

?6�  
��     �0�
C� �O���I/� %\�
Q�
���� ��  ��� .  �6�	�,�+  ���	    6Q	 5)� #��$ 


�H�  �5
"      M0� ��" ) �6� ,�+  ���	  �5�6�� 
	 �� X� ) ag,/�90� ��  l��� . ��

       
O/
8� �Q$�) �/�
8� 
	 ?6� ��7��� ���� �� �6�   6��.    
���5)� ���5
	 m���   �
!�" 

 #-��6!�}���/� ) nr (2/�Q� �/5 %��@ 
	��  ���: 

  
1n

n1nn
n P

dPP
r

−

− +−
= 

 
A	�� :/� ��nP 5)� �� #��$ n) ��nd   #�"� 5)� :�/� �� �6� l�O8� ��" .

     #"� :7�� ��	9� ��"
	  %��@  �68� #����+   .       
/
���" ,/�9�0� 
�/ �9/
K �
!" 

6�
	 .  �7�)X}2�� (  ))X} d  (
	  n����  .   �
!" #��$6!�} ���/�      ���5
�	 m�� ) 

�
3� �� l!" :/� 
��5)���  6�� .  

  

������ �	 
 ����	
	 ������ ���� ���� ���	�����  ����
� ������ ��� 
 )nr(  

___________________________________________________________________  

1- One Day Return. 
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1- Next Price. 
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1- Chaotic. 
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