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�#.�	 �� '��A=B+ ;)� �& "�1��& �&�#NO	���� '��A=B+ ;)� �& �"/�- �� �=#�<! '�&+�&

P��� ����" ���p �	 �����=6+��� ;�+ .h��i "+  ��" �"/�- *8:�L� X��=� S�1+ �&
'����& 8:�.*8:�. VW�&  +;�"�� �+;$	 8:�. � P;)  �.�/. �#$>! 8:�. 7!/� 

�<�U: ��  ��- '+�& P;) M�J �� � �/) �����1 � "+;�+ � 8�+U�+ '�+�Z�;&�� .G:*(#<m
�� 8�+U�+ ��+�1 �R� ;�-�� � �=��� 8:�. bT5	 ��&  +;�"�� �#$>! 8:�. �& ;&��.

1- Thevenon & Del Pero 
2- Kim 
3- Yumusak 



��$%� �
�
��� &�� $� '(��) �
 ��*��� �$��$��+ $*,-� �#

U�+���x +��5>: �)���� (�$C�c� ��  +/<W �& '+ "'��A=B+ ;)� � �=#�<! '�&+�&�� :
 �=�.�� '+�& ����" '�1 b#R@	 "(���:/! ��� "+ P��T=1+ �&Q�1��& �& S/#R#1/! 

�#NO	&�� P��� �� '��A=B+ ;)� �& �=#�<! '�&+� ����" ���� �	 �����=6+��� ;�+ .X��=�
 �=#�<! '�&+�&�� �. ��+�  - "+ ���5D �$C�c��#NO	�<$� � �T<� ��+� '��A=B+ ;)� �& �+� .

w#� �>RW � '�Ii ��)���� ( +/<W �& �3:�L� ��"�& �"/�- �� �=#�<! H#$I	 �N+
�:�/3. '��A=B+ ;)������- 2�>) � ���#����6 '"P�+� ��� "+ P��T=1+ �& �& ��/R&�	 '�:

 � ���#����6 '�:�/3. "+ �I9=<� '��A=B+ ;)� �& �"/�- �� �=#�<! H#$I	 �N+ �1��&
P��� �� �����- 2�>) ����" ���� �	 �����=6+��� ;�+ .�. �1+  - "+ �.�D 8:�L� X��=�

�T<� �N+ �)"/�- �=#�<! '�&+�&���<$� ��1+ �=)+� '��A=B+ ;)� �& �+�.

2- 2- �  +�>W  +�>W)���� (�$C�c� ��  +/<W �& '+"�����1 '��	�+ '�+�Z�N+ 8F<1
w��+ /�W 79=<� '�:�/3. �� '��A=B+ ;)� �& �����+ "b<� ���#:� "+ P��T=1+ �& �& �=��

 �1��&�#NO	�����1 79=<� '�:�/3. �� '��A=B+ ;)� �& �����+ P��� �� w��+ /�W 
����"���p �	 �����=6+��� ;�+ .�����1 �. ��+�  - "+ ���5D �$C�c� X��=� '�N+ �����+ 

�<$� � �I�� ��+� '��A=B+ ;)� �& �+�.

���TcA� � ���F��&�Y-)���� ( +/<W �& �3:�L� ��";)� �& �=#�<! '�&+�&�� �N+
P��& � '��A=B+ 3. �� ;#C/	 b�+/W b. '�� 79=<� '�:�/)����Q���� "( "+ P��T=1+ �&

P�+� ��� P��& � '��A=B+ ;)� �& �=#�<! '�&+�&�� �N+ �1��& �& ��/R&�	 '�: b. '��
P��� �� ;#C/	 b�+/W ����" ���� �	 �����=6+��� P;#1� �F#=� (�+ �& �;�+ �m�: �.

�J�W �� �=#�<! '�&+�&�� �#0� �W�>=!+ � '��A=B+ qR=9� '�:P"/D *�"/�- '�:
G. 2�K=)+ � �=�k1 j�=) �� '��A=B+ ;)� *;)�& �	 '�	�N/� � �	;:�):+/6 G#/&�.

�>	�D � ��+"�& �W+�)��p� (�$C�c� ��  +/<W �& '+ "�& �)"/�- �=#�<! '�&+�& �N+
 �$1/	 2�D �� 79=<� '�:�/3. �� '��A=B+ ;)�)����Q���� "( '/^C+ "+ P��T=1+ �&

U>: G=�#1 e/&���� �:�� �&  /#1�Z� ��� �  ��)SUR ( � G#�=�� �N+ �1��& �&

 
1- Pervaiz 
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2�D �� '�:�/3. "+ �I9=<� �� '��A=B+ ;)� �& �)"/�- �=#�<! '�&+�& G#�=���#s
P��� �� �$1/	 ����" ���� �	 �����=6+��� ;�+ .'�&+�& �. �1+  - "+ �.�D �$C�c� X��=�

 �)"/�- �=#�<!�#NO	�<$� � �I�� �+���+� '��A=B+ ;)� �& .

 +��5>: � '/	��)��pp ( +/<W �& �3:�L� �� ";)� �& �=#�<! '�&+�&�� �N+ �1��&
 +��+ '��A=B+ "�����1 �N+ �1��& �& �C/>$� 4�$&�� bB+;D ��� "+ P��T=1+ �& �& �����+ 

����" P��� ��  +��+ '��A=B+ ;)����� �	 ��p��=6+��� ;�+ . �3� 8:�L� X��=� P�+� 
�"/�- �. �1+�#NO	�<$� � �I�� '�&+�&��  +U#� �: �& � �=)+�  +��+ '��A=B+ ;)� �& �+�
89& �� �=#�<! �� 8�+U�+ '��A=B+ ;)� ��� *;&�� 8:�. 2�K=)+ � �"/�- '�: ;&��.

���� ��./�� 0�1����234� ��' �5�6' ,�$-� ��
78 9$: $ �� 

�1��& *�%�D 8:�L� M;:�#NO	&+�&�� �  +��+ �� '��A=B+ ;)� �& �"/�- �� �=#�<! '�
 2�1 ����" �RJ�� ������ �	 �����1+ .P;) P��&��. �& 2;� "+ P��T=1+ �& S�1+ (�+ �&

 U�+��� ,1/	)���� (�c&+� 7C�B �� ���" ��� "+ P��T=1+ �& |/%/� (�+ �1��& �& 
G: (���:/! �^=)�I�+Q�� �=6+��� S/#R#1/! �/) .

UINVESTOPENGENINGDPPG ++++= 4321 ββββ

 - �� �.:

GDPPG :���� 2�1 '�<I� �& �$B+� ��+�1 �R6+� EC�6�� ;#C/	 ;)� ��p�.

GENIN : �. *�c1/=� � ��+;=&+ ri��� ��  +��� �&  ��" EC�6�� f�� �IN ��� �I��
�& �I�� (�+ 8�+U�+�1+ P;) �=��Z �0� �� �"/�- �� �=#�<! '�&+�&�� 8:�.  +/<W.

OPEN :!����& �. '��F	  �/&"�& �$B+� 4+��+� � 4+���J |/>F� 4�/J)'�<I� �&
���� 2�1 ��p� (�$B+� �R6+� EC�6�� ;#C/	 �& G#��	)���� 2�1 '�<I��& ��p� (�I1�@�
�1+ P;).

INVEST :�����1 b#53	 �I�� �$B+� EC�6�� )���� 2�1 '�<I��& ��p� (;#C/	 �&
 �$B+� �R6+� EC�6��)<I��&���� 2�1 '� ��p�(.
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U:2;� ;��>�� 4k>!.

G: �& '�:�#K=� �& e/&�� 4�Wki+ � ���- *(#<m ��. �& 8:�L� �� �=�� '�1 4�/J
 ����1 ����")����Q���� ('�1 4�Wki+ w��& "+ 'U.�� w��& '��A=B+ ����" '�:

P��3� n/C �  +��+ WDI(2014)xP;) t+�9=1+ ;�+.

�W/>F� G#<. {�� '+ "+g�#K=� )2( ≥g��.+;D �. G��+� I(1) 2�>=D+ � ;<=�: 
�� G: ��� ;<)�& �=)�I�+ .G=�#1 w�VAR �& k4�/J �& �. �1+ ���:�#K=� b��) �TB� 

;)�& ��":
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G=�#1 �. �1+ f"� *(���:/!  /�"- "+ P��T=1+ �/0<� �&VAR 2;� b5) �& �/� 
A	'�+��& '�c6 u#@~)VECM (;�-�� ��":
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ββ

VAR b��) g� �m �>1 �� b%�T	 (#C�+ �#K=� k-1 �=�&+� �#K=� 4k%�T	 "+ �TB� 
���	�� f+;.�: �& �. �1+ �1+� �>1 ��Γ�1+ P;) �>#>% .!  /�"- rB+� �� (���:/

�� �TB� 2/i "+ ;�+/	 �&�� �=�� ��.VECM �#NO	�����& .�TB� 2/i (##$	 *(�+�&�<& �<#�& 
�1+ '���% '��+ �C�D (�+ �� .���	�� �1��& '�� *(���:/!  /�"-Π�=��� U.�>	 

�1+ .Π�� �& ;�+/	 �;<R& 7�+�% ���	��  +/<Wf�>	 *2��$	 �C�D �� +��" *�/) �#I$	 4; 

ity −∆'�c6 4k>! ��0=�+ ��/� �"�+  �+� �+�B �& � �/& ;<:+/6 �TJ �&+�& �:tu
∧)�<$�

�TJ (�� �F#=� *�C��$� �� ;:�0=Π −kty.G:  /�"- (#& �^=)�I�+y�I	� �1��& �& *�:
 
1- World Development Indicators 
2- Vector Error Correction Model (VECM) 
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	�����ΠPL�� ������ b&��� �� �� �I1�@�  - �/) .�I	� �+;$	 �&+�& ���	�� w� 
�3�� �C��$� �TJ�#s '�: �A93� )PL�� ������ (�1+  - .�& �. PL�� ������iλP�+�  �3�
�� �3�� ;�/) �C��$� '�: 7#	�	 �& � ;<=�: �A93� gλλλ fff ...21P;#m
�� ;�/) .PL�� �+;�� 1λv�U& (��	)w� �& w��U� �<$� (�gλwm/. (��	)�& w��U� �<$�
�TJ (�1+ .� �Z+G: �:�#K= �I	� *;<)�I� �=)�I�+ ���	�� Π�RJ�� �TJ "+ '�+��<$� �/i �& 

�)+� ;:+/9�)&�: '+�& (�+�&�<i*0≅iλ.(* /�"- P���-iλ�5R& ��#�)1( iLn λ−
�1+*�Z+ +��" �/& ;:+/6  ��5� X��=� G: "�& �C� 0=iλ*;)�&0)1( =− iLn λ

�/& ;:+/6 .�I	� ;#<. {�� 2�D Π - *;)�& w� �&+�& �+;�� P�Z)1( iLn λ−�T<� 
�: '+�& � �/& ;:+/61fi0)1( =− iLn λ�� �/) .PL�� �+;�� �Z+ i*;)�& �TJ �#s f+

 - �: '+�& *P�Z1fi*0)1( piLn λ−�� �/) .(�+ '+�& �<$� ���	�� �.Π�I	� w�
v�U& *;)�& �=)+� �� PL�� �+;�� (��	 �& ����& *;)�& �=)+� �RJ�� �TJ "+ '�+��<$� 4�/J

�>� PL�� ������ ���1 �5#C�D �� �& ����&;<)�& �=)+� Mk=6+ �TJ "+ '�+��<$� 4�/J .��
��- �� *(���:/! ��5���P�"+ ;<	��IW �. ��+� �/!�  /�"- :
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1max
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∧
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TLnrr

LnTr

λλ

λλ

�.rG: '�:�+��& �+;$	 #%�� �@	 �^=)�I�+�� �TJ i

∧

λP;) ���-�& �+;�� i(#�+ 

PL�� �+;��)P;) 7	�� (���	�� "+Π�1+ .�m �: rB+� ��i

∧

λU& v�*;)�& �	

)1( iLn
∧

− λ�T<� P���- (�+�&�<& � �	 �T<�  /�"- ;) ;:+/6 �	 .�+��& w� �& PL�� �+;�� �:
G: �^=)�I�+x�� P;#��� PL�� �+��& �. �1+ 7�=<� �/) .�& �. PL�� �+;�� w� 4�/J

�1+ �^=)�I�+ G: �+��& w� �^��#& *��+� Mk=6+ �TJ "+ '�+��<$�.

traceλ�#%��  - �� �. �1+ ��/�"- ��.+;D �/!� �^��#& �TJ rG: �+��& �^=)�I�+
�#%�� � �1+ �<#$��� �+;$	 �/!� b&��� )"+ �=3#& �r(G: �+��& �� �^=)�I�+ ;)�& .(�+

 
1- Cointegration Vector 
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��� &�� $� '(��) �
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�&  /�"-p�� |��) PL�� �+;�� v�U& �� �� �� ��1 � ;<. �� M�D �+;�� (��	 �/) .
& �=B� f�>	 '+�gi ,...,2,1=*0=iλG��+� *;)�&0=traceλ.

maxλ���Z+;!  /�"- �� f�F�+ PL�� �+;�� �: '+�& '+ ;:� .�#%��  /�"- (�+ �TJ 
G: '�:�+��& �+;$	 '�&+�& �& �^=)�I�+r�#%�� � �1+ �. �1+ (�+ b&��� '�:�+��& �+;$	 

G: �^=)�I�+r+1 ;)�&.

S/#R#1/! � (���:/!)���� (�I1�@� ��+�@& ������ *�/.��  /�"- �� '+�&
P�/>� ;�+ .P���- r�"/	 �+;�� �& *��+�@& ������ � �1+ ��+;��=1+�#s  /�"- g-r '+U!+ �+;$	 *

(�+ � �����#s �R>! 4���$� "+ w��: �� ��- �. ��+� �/!� �&�N ��+� �^=�& *�� �� ."+ {�W
�� �:+;I� G: '�:�+��& �� ;<�+/	 �& �� � ;<)�& �=)+� �/�D �^=)�I�+ �R>!  +/<W �� ���%+ 

VAR;���Z g�@C .�R>! �/!� �� �&�N VAR ��F�+ ;<�+�� �� ;��� w� �/!� 2��$� *
P�+�P�+� '+�& �: �1+ uc1 '�: .f/<C � ;C+��=1�+x)���� (�W/>F� ��. b������ "+ '�	

P���- G:+�� (���:/!  /�"- '+�& +� PL�� ;�+.

P���- �Z+ v�U& (���:/! 2�+;! ��+�@& ������ "+  /�"- �#%�� *;)�& �	 �/!� �& �<I� �TJ 
rG: �+��& �& +� �^=)�I�+�#%�� rT� �/!� �& �<I� b&��� r+1G: �+��& �^=)�I�+)'+�& 

traceλ(�"+ �=3#& �rG: �+��& �^=)�I�+)'+�&maxλ(�� �� *G#<. . /�"- *�TJ �#%�� �@	 
�& '+�& �� �� �� 4�/J1,...,1,0 −= gr�� f�F�+ �& �/) '�/i '+�& �.maxλG��+� :
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grHrH
grHrH
grHrH
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≤=
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:1:

2:2:
1:1:
0:0:
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MM

p

p

p

�#%�� * /�"- �RD�� (#C�+ �� TJ �#& �G: �+��& �/!� f;W �Z �1+ �^=)�I�+)(�+ �&
�I	� �. �<$� ���	�� Π�1+ �TJ .(�#%�� (�+ �Z+ �� *�/3� �� �TJ ���Z �F#=�  +/	

 
1- Osterwald & Lenum 
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o#: �. G: �+��& ��/Z �� f�>	+ �&  /�"- � G��+;� �^=)�I�+ �C�D �� *;1� �#%�� �Z+ �. �TJ 
0:0 =rH�#%�� *�/) �� ;�;! �TJ 1:0 =rH�#%�� �&+�& �� �& �<I� b&��� 

G: �+��& w� "+ 8#& �+;$	 �/!� ���� ;:+/6 ��+�+ 7#	�	 (#>: �& � ;) ;:+/6 �^=)�I�+
(�+ �	 �#%�� �. ���^� �� �TJ .�+;�� *(�+�&�<&r�&�� 8�+U�+ �=1/#� 4�/J �	 ;&��
����" �.�#%�� �/3� �� �^�� �TJ )*�9I5#� � ��/ik�+��p�.(

&35�/ ;/�3� ��	<8 $ ���18  �� 

�:�#K=� ������ �1��& 

P�+� '�#Z��5& �& �!/	 �&�� �. �>�� �ZL�� *����" '�1 '�:2;� �� ����& '"�1
(�+ P�+� ��/Z�C/�� *�/) ���W� �: �1+  - "+ �)�� ����;@� � �:�#K=� ������ ."+(�+ ��

�3�� �/!� � �������� � ������ �1��& '+�& �5��  /�"- "+ ;D+� –G#>$	 �C/� �=���xP��T=1+ 
�1+ P;) .P���- hRc��;B �Z+v�U& P;) ��+�+ ��+�@& �#>. hRc��;B "+  /�"- *;)�& �	
�#%�� 'H0�& ��3�� �/!� �	��IW�� �� *;D+� �/) .2�;!)�(�#K=� ������  /�"- +� �:

�5��  /�"- S�1+ �&QG#>$	 �C/� ��  �3� �=���;:� . �>:�� P;:�3� �. �/i �� *�/)
�#K=� uc1 �& e/&�� ������  /�"-��5& '�: P���- hRc��;B *2;� �� �=���5�� Q�C/� 

G#>$	 w� ��+�@& ������ hRc��;B "+ �=��� '�c6 uc1 ��  /<#.�wm/. ;J�� *P�/& �	
�&�<&(�+�#%�� 'H0	 ��/� ;D+� �3�� �/!� �& �<I� O�#K=� ���>	 � �=��Z �+�B ;#� '�:

�� uc1 �� ������ 2;� ;<)�& .�#K=� 2�+ �I	�� b%�T	 �& e/&�� ������  /�"- ���& '�:��. 
P���- hRc��;B *2;� �� �=���5�� QG#>$	 �C/� w� ��+�@& ������ hRc��;B "+ �=���  /<#.

c6 uc1 �� '��v�U& ;J�� �&�<& *P�/& �	�#%�� (�+ H0�3�� �/!� �& �<I� �� ;D+� 
�#K=� � P;)�& �� � 2�+ �I	�� b%�T	 �� ���� 2;� '�: *�^�� �	��IWI(1)�� ;<)�&.

1- Augmented Dickey-Fuller Test 
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�$�=)?(��A3' �/�/�� ��:��&+/: �B'C� C� ���<3�� �� ����/� �
�$  DE�
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&*8�' GH�<8�$� �IJ��A3' K�� 
p�/�QP���-�5�� QG#>$	 �C/� �=��� ��/�QP���-�5�� QG#>$	 �C/� �=��� 
�p/�Qw� ��+�@& �+;�� uc1 ��  /<#.

 '�c6�%
��/�Qw� ��+�@& �+;��'�c6 uc1 ��  /<#.

�%
GDPPG

��/�QP���-�5�� QG#>$	 �C/� �=��� p�/�QP���-�5�� 'QG#>$	 �C/� �=��� 
�p/�Qw� ��+�@& �+;�� uc1 ��  /<#.

 '�c6�%
��/�Qw� ��+�@& �+;��'�c6 uc1 ��  /<#.

�%
GENIN

��/�QP���-�5�� QG#>$	 �C/� �=��� ��/�QP���-�5�� QG#>$	 �C/� �=��� 
��/�Qw� ��+�@& �+;�� uc1 ��  /<#.

 '�c6�%
�p/�Qw� ��+�@& �+;��'�c6 uc1 ��  /<#.

�%
OPEN 

��/�QP���-�5�� QG#>$	 �C/� �=��� ��/�QP���-�5�� QG#>$	 �C/� �=��� 
��/�Qw� ��+�@& �+;�� uc1 ��  /<#.

 '�c6�%
��/�Qw� ��+�@& �+;��'�c6 uc1 ��  /<#.
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G: 2;� (#>9	^=)�I�+(���:/! �Q4���$� G=�#1 w� ���-�& fUR=�� S/#R#1/! 
'�+��& u#%/	�/6 '/^C+x�& (#& (�+ �� �. �1+ �TB� 2/i  ���- �1� 4��;�� "+ �<#�& 

2;� (#>9	�� �:;)�& .+�m �TB� �+;$	 (##$	 �.�� (#>�	 /^C+ (�+ �� 71�<� '�: ;<.
;#T1 ��/� 4���$� �& e/&�� '�c6 4k>! �.~��� �=��+ �F#=� ��I(0) ;<=�: );<>)/:

 *j-�� �>#�� ���p� .(G. �& �!/	 �& U	�+/) ��#$� "+ *;J "+ 4+;:�3� GFD  �/& �	Q
�TB� 2/i (##$	 '+�& (�U#&�TB� � P;) P��T=1+ �<#�& �& w� �TB�  +/<W 2;� �<#�& 

& u#%/	�/6]�1+ P;) j�9=�+ '�+�� .G:�+�/>� (#<m)�(.S/5$��3�� 2;� '�:VAR 
(#>9	P�" �TB� �� P;)��  �3� +� w� ;:� . �>:�� P;:�3� �/.�� �+�/>� �� �/i ��/)

 
1- Vector Autoregressive Model (VAR) 
2- White noise 
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�3�� S/5$��R>!;<m �A93� '�:'+'�:ARP��+� b6+� �� �C�� � �=��Z �+�B ;D+� 
2;� ������ �&VARP�" (#>9	 �TB� 71�<� j�9=�+ � P;)�& w� �TB�  +/<W� �<#�& ��+.
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(�+ �& �!/	�&�#K=� �.�I	�� '+�+� *2;� '�:G:b%�T	 �� �^>: � P�/&  ��5� �^=)�I�+
�I	�� 2�+ ������;<)�&*��(���:/! �$>F>:  /�"- "+  +/	Q!(##$	 ��! S/#R#1/
�+��&�/>� P��T=1+ ��+�^>: '�: .�TB� �+;�� j�9=�+ S�1+ �&�<#�& w�*�&�TB�  +/<W 
�<#�&�/6 2;� '�+��& u#%/	� /�"- "+ P��T=1+ �& �N+ ���	�� '�:x*������ ��.+;D �
PL��~�+��& �+;$	 (##$	 �& *G: '�:P;) �=6+��� �^=)�I�+�1+ .2�+;!)���(e/&�� X��=� 

�+��& �+;$	 (##$	 �&��  �3� +�  /�"- �� (�+ ,1/	 ��+�^>: '�:;<:� . �>: �� �. �/i
 2�+;!)���(�� �0Dk�P���- X��=� S�1+ �& *�/)�N+ ���	��  /�"- *�+��& ���m �/!� 

G:�#K=� (#& �^=)�I�+	 2;� '�:O;#� P���- �& e/&�� X��=� S�1+ �& � P;) ��.+;D  /�"-
�����]U#� PL�� �*G: �+��& ���m �#K=� (#& �^=)�I�+	 2;� '�:O�]) ;#]�1+ P; .(�+ "+ ��
��  +/	���Z �F#=�G: �+��& ���m �. �#K=� (#& �^=)�I�+��+� �/!� 2;� '�:.

1- Trace Matrix  
2- Maximum Eigen Value 
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�$�=)Q(�R� S/�8�' �B'C� ;/�3�)χtrace(

&�H�5�<T G��(' &�H�5�:�'� :��('�B'C� 
IJ� :� ����U� :��('

VW%
��
3
� 9C:� 

IJ� :�VW%
r = 0* r ≥ 1��/��� p�/������/�
r ≤ 1*r ≥ 2pp/����/������/�
r ≤ 2*r ≥ 3��/����/�����p/�
r ≤ 3*r ≥ 4��/pp�/�����/�
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�$�=)Y(�-/$ �/��(' �Z!��
 �B'C� ;/�3�)χmax(

&�H�5�<T &�H�5G��(' �:�'� :��('�B'C� 
IJ� :� ����U� :��('

VW%
:� ��
3
� 9C:�

 IJ�VW%
r = 0* r = 1��/���p/������/�
r ≤ 1* r = 2��/����/������/�
r ≤ 2* r = 3p�/����/������/�
r ≤ 3* r = 4��/pp�/�����/�
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+� h&�c� *��+�+ ���c& )�(*�c&+� ;<R& �#K=� (#& 4;� �+��& � P;) P�" (#>9	 2;� '�:
 ��� �#K=� �& �I�� P;) 2���� 2�+ '+")�=�&+� �#K=� (P;) j�9=�+�1+ .�=���& �+��& (�+

'�/`	 �& 71�<=� 7�+�% ��kW �0� "+G: � P�/& '��A=B+ '�: �#K=� 7�+�% (#<m '�:
�<$� '���- g�@C �& �@#%/	�;<)�& �+ . �>:�<#�& �+��& �� �. �/i �0Dk� P;) j�9=�+ 

�� �/)*�#K=� 7�+�% ��kW �0� "+ � P�/& ��0=�+ ��/� '�0� ���I� S�1+ �& *2;� '�:
�<$� U#� '���-�� �+�;<)�&.
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�c&+� S�1+ �& )�(�� +/	���Z �F#=�;<R& �� �. '�&+�&�� 8:�. *4;� �� �=#�<! 
�����1 � '��F	  �/& "�& *�"/�- '�+�Z�#NO	�<$� � �I�� ;��+� '��A=B+ ;)� �& �+� .��

�RD�� 2�;! ��  - �& e/&�� X��=� � P;) ���-�& '�+��& '�c6 u#@A	 '/^C+ *;$& �.
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�1+ P;) P�+�  �3� .2�;! �& �!/	 �&�.�� �0Dk��R>! 7��% �. �/) �c6 u#@A	 '
}ECM(-1){*�<$� �T<� � �TJ �+;W+ (#& � �+� GB� �&+�& � P�/& w���/�Q�&�1�

P;�-�1+ .P��� �: �� �. �1+ 7Rc� (�+ �^��#& �;W (�+�+;�� �& ��/�2��$	 f;W "+ 
P�	/. ;<R& 2��$	 �&  ;#1� '+�& 4;� �� b�;$	 4;��/).

�$�=)[( :����  �JM I�U28  B.F� 
�:�'� t��6' \��U��:]/�H ��A3' K�� 
����/�Q����/�����/�QECM(-1) 
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�1��& *�%�D 8:�L� M;:�#NO	  +��+ '��A=B+ ;)� �& �"/�- �� �=#�<! '�&+�&�� 
�1+ .(�+ "+ (���:/! ��� "+ P��T=1+ �& ��Q�RJ�� �� |/%/� (�+ �1��& �& S/#R#1/! 

2�1 ����"���� �	 ����;) �=6+��� .�& X��=� S�1+ �& 8:�. *8:�L� "+ P;�- �1�
�����1 � '��F	  �/&"�& *�"/�- �� �=#�<! '�&+�&�� '�+�Z�#NO	�<$� � �I�� ;)� �& �+�

;��+� '��A=B+ .'�=1+� ���#NO	 '��A=B+ ;)� �& �"/�- �� �=#�<! '�&+�&�� 8:�. �I�� 
�� �  �#&  +/	�& *�"/�- �� �=#�<! '�&+�&�� 8:�. �. �/> G#�=�� 4�/J7!/� 8�+U�+ 

�����1 �����1 ,1/=� 8�+U�+ �F#=� �� �  ��" �����+ �& � ��A=B+ �� �����+  - 2�I��7I1 
P��& 8�+U�+ P;) ��. '��#� '��*G: � P�/& '��A=B+ ;)� 8�+U�+ U#�  - ;��#� �. (#<m*

 ��" ��. �:�"�& 8�+U�+ '��A=B+ ;)� 8�+U�+ VW�& U#� ��. �+"�& �� ���- �.��3� ��� �
�� �/) .G: �>: *(#<m '�&+�&�� 8:�. *;) ���� U#� 8:�L� '�0� ���I� �� �. �/i

�& *�"/�- �� �=#�<!�����1 � �=#$>! 4+�N+ h��i "+ U#� G#�=���#s 4�/J VW�& '�+�Z
�� '��A=B+ ;)� 8�+U�+ �/) .X��=� (�+O	 *�& ';#�2� �  /��� 4�$C�c� ���)����(G#. *

 +��5>: �)����( +��5>: � ��1/�/� *)����( +��5>: � U�+��� *)����(w#� *��
�>RW � '�Ii)����(���TcA� � ���F��&�Y- *)����(�>	�D � ��+"�& �W+� *)��p� (�

 +��5>: � '/	��)��pp (	 �& U#�O;#���;)�& .
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G: +� �� (#<m �& �c&�#NO	�� '��A=B+ ;)� �& '��F	  �/&"�& �I�� �& �. �TZ  +/	
 '��+U� "+ �:�/3. *4��F	 8�+U�+ � '��A=B+ '�:��  ;) "�& � '��F	  �/&"�& 8�+U�+

P��& �=&�B� �� �C��I� ���- (#& 4���� � 8�+� � P;) ;<� *�/)7I1 ��+ (#>: �8�+U�+ 
�� '��A=B+ ;)� ��Z�.� �F#=� (�+�$C�c� � +��5>: � U�+��� )����(����& *x)���p(*

���� ���.~)����(w� � ;�/C * ���)����(;<���#� � ��/51+ �<>�& *�)���� (f��+ �'���
 �T��) �)��p� (�� �+�B ;#�O	 ��/� +�;:� .�& �c&+� ���#NO	�����1 �I�� ;)� �& '�+�Z

�� U#� '��A=B+  /m �. ��.  �#&  +/	�����1 G�� "+ �5�  k. �c&+� �� '�+�Z (��	
(�+ "+ *�1+ b. '�%��	 '+U!+ �����1 8�+U�+ �& �� �� � �=��� 8�+U�+ b. '�%��	 *'�+�Z

�� 8�+U�+ ;#C/	 �F#=� ;&�� .�F#=� (�+�&�$C�c� U�+��� )���� (2- �2- �  +�>W  +�>W
)���� (�� hIc<�;)�& .(�+ "+ ;: '�=1+� �� ���& �F#=� � M�!/	 �& *8:�L� "+ P;�- �1�

(�+ �& �"/�- �� �=#�<! '�&+�&�� 8:�. �.�#NO	�<$� � �I�� *��+� '�A=B+ ;)� �& �+�
�#%�� 	 ��/� 8:�L� O�� ���<3#� � �=��Z �+�B �>RW ;#� �����& �. �/) �& *'��A=B+  +U��
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� ���Z *�"/�-[;��+��& '��A=B+ ;)� ��! �� �N.

1- Brummet 
2- Yanikkaya 
3- Loyd & McLaren 
4- Bahmani-Oskooee & Niroomand 
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