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       ��� ���� �� ����	 �����  ��!	 "�� ��� #��$ %     &'( �� )*��� +��, +- )�.      #��/0 ���/�� ���12� )3�45	 )�.

 �678 &'(  9):�;�<=  9    �� ; #>$ ; ?��3@             A�;� B/� )��( ; +��C	 )5D4� B� :� A��E1-� �( #FG      H/4�2 �� +4�/- 
  +-+7��,)  J�( 3�45	30� K��  9  3�;� ; "���� (&��%7�( �-� A30 . . &�� N��1�        ��</� %6�OP :�, ; Q�( )����	 %7�(
%�  +- �. �� += 3.�+7��, R5P �� R�-)�.&�� ��5�    �1@�/- #/��5S :� %/0�� ���� 3�3<	 �( %7�(  ?3/0 ; )�

  T�1U. +V�5� )*��� .  N��1���<�A37.� +��8 5V�     ���� +W$X� #(�2 %A��;���          ?3/0 &.�/= :� %/0�� %/1E� )�.
 �� )*���+7��,Y;� ; R;� )�.�-�  .
��() ����JEL:Q41 9Q49 .

$�	� ��+#:��� ���� �)*��� % 9+��C	 �;� 9)3�45	 �Z� 9)*��� ?30 �Z� 9)��1@�- �Z�.

,-.��. �
%-��(     7��: �� )���12� ; %>[S )�.+    ��5� +O7V ;� :� )*��� #��S +( :��� 3�=\	$�8 ���; +O�W� ��

 �-��- ;   )���12� �����,]2�;A30 �-�  :   ����� ](�7� ���;3!� %_�      �@5/- +/[>V :� ���/�  )�/.
)*���:�///////////�� A3///////////>S &///////////'( +///////////= %[�U///////////� ��///////////�V 

∗`��� N�[@ A�D<��� ���12� �����1-�)��05((.
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  ��"��\	 %�     )�D�� ; 37=��Z\	   ( %a�!� �U�: ?�A��  #��$ :� )��,   :� +[8�$ )*��� )�. �/��b . :�
   �-� += �-;� "��           �;� "1��/� R�/O�� +( +1��<�� )�.���12� �� )*��� &'( ����=�3��   +/( %��/.

 A��( �5W7�  #��$ �1<�( %.�    �V �� ; %[�U� )�.�  "��D��=    )*��� +[�-; +( ���b �    371U/. 5/� )�. .
 �X	 "��    Ac�; +( �.  ���!( :� d��. E� )   +.� %1ef      �/-� A3/0 3�3</	  .        �� �/�� �/��$ R�/$ ��

  )*�//�� +6//-5	 g5//�5� %167//8 )�.�5<//=  �//-��- %[//8� ��//= �51//-� �� 5//� )�//.//,� ����
 �///-� +///1��, ���///2 )*�///�� &///'( ?�///64�a� ; .+///h3h� "///��+///7��: �///. %	J5///!	 :�///-

 A�////�( �5////O�( �� `5////>[� )*�////�� )�; �////( iO	�////�3////7���� A�5////( )���////12� )�.
�////-�  .�////-��-      �;� �5////O�( +////[>V :� %////1>�2��h )�////.���(� ; %////1>�2 )�////.

 ; 3�45	 +( ��=  3�b��= ?����C	 )��,   �� +�[�� #��-; 9�@��=���>1@�- ; ?�C� �5P +( �.��_� )������
A��( &����� +(T1U�- �� )*��� )�;�-� A�: "��� )���12� )�. .�X	 += �-� %4�$ �� "���. )

    %7��D��V &'( �� A30 Y�C�� )*��� )�.         ��W1�� ��5� ���<�� +( �57= �	 5�   A3�-�� �/-� .  �/(�2�
 )*�///////////////////////////�� )���///////////////////////////��� )�///////////////////////////.

  ��@\///	 �///( �� �///�� "///��  ///�!	 +///= �///-� %<///4�j "��///1>�� �///>�2 k�///!4 :� 3///�3V
   �-� +1@�- +V�5� ��;��� .             ��/�: �0�, �( +4\U� "�� %	��$ ?�;�� ; ��>.� ��7�� %��>	 Th��[S

"0;� %� �	�50 . �: ?Xl6� %a�!� �U ��<1�� :� %0��  +/��'[, )�/.:�, )�  ��5/7S +/(  "��/1>�� 
    R�O�� )��( A��D����=    ���>$ ; �3. "�� �     �X	 "�� :� +1��� ���:�- )�.       �/-� A�5/( m�/a� �/. .

  +����- �ED7. +7��.    3/�45	 ]��7/8 �� +����- �<,:�( %�J5P A�;� ; )���, )*�/��  5/� )�/. 9  +/(
  Q��10�  �1<�( %1678 )�.�5<=()��              "/�� += �-� A30 nS�( ; A�: "��� %[�U� ](�7� :� A��E1-� 

�.�5<//////= :;� +//////( :;� A5�//////0)�//////. A��E1//////-� +//////7��: �� �� )�	3//////�3V 
����� ; o��>= R�$ "�S �� ; ��:�� ](�7� :� Y5- ���V )�.�5<= ����+( ��=���,  .

�X	      )*��� +( %(��1-� +7��: �� �1<�( )�.    � %a���0 �� 5� )�.�5�1   �/( ��5/1( += �5( 3.�5@
#�[!	 +7��: �� "0;� %��� +( %>[S )�."��\	)�.:��� %	b ,���� �-� )*��� ](�7� +(  . �-�C7��

 %///////� +///////=   )3///////7>��5	  ///////�Oa	 ; +U///////���� �///////( ��5///////	)�///////.
                 A�/�( �5/O�( �5/W7� +( ; A30 q2�; ���!(  >S +( ����	 �>- )�.:��� ; +��S     "�/7r>. ; )�;

 )*��� %7��D��V  )�.  5�   �5<	 +( ?���O�  9    +����- :� ���>$ ; o�V        +/7��: "/�� �� )���/, ��/= .
&��                  )��/( "0;� )��U� "1��� �� �� �� 3�b��= ; 3�3V %>[S )�.5D4� +��� �( )*��� )����	 %7�(

  �////////////////7D7	 "////////////////�� +////////////////( ���////////////////( %////////////////�
;+�85	 +s���  H-�7� %1-��- )�.)��(+����- :� ���>$ )���,%� B>= �.37= .

 8� �3.   &�� +4��� "�� %[   &'( )*��� )����	 %7�(           /�� B/� �� ����� ���12� �� )3�45	 )�.

f +4�-  �-�  .             ):�/-��C� �/� +/��C	 )5/D4� +4��� "�� ��  ��!	 %[�[!	 )5D4�  �/-�  .    5/D4� "/��

             t��'1/-� ; )*�/�� ���� �� ���u	 �8�7S ; v��V� B�_E	 �( ; +10�� %	�O-�!� ; %���� )��_�;�
  3= �. ?��Z�Y�,    &�� �� ����	 %	b 3�;� %� %7�(37= . :� A��E1-� �( 5/D4�  �5/(�� )  �/!	 +/7��,  )�/.

&�� +( q[1'�����	 %7�(#��$ )��( &'( �� )*��� )�.����� ���12� )3�45	 )�.%� :����T� .
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   ):�-��C� �;�+(�5P A��1U,   #�[!	 �� )�   )�3S )�.)R���51=��(,     +O/-�!� )��(    B/�_E	 ;

��V�)           %/� ���/2 A��E1/-� ��5/� ���: R5P �� ��u1� B� �� ���u	 #��5S ;  ��/�, . �;�   �/� +/��C	
):�-��C��   )*��� ����   +��C	 +(��Zb #��5S     ���� �( �Zw�����%   ���� A��0� )*��� ;  ?�64�a� �� 

  �$ )*��� &'(�   �-� ��;��� ��>.� � .     �;� "�� `�-� �(     a/- �� )*�/�� ���� #= ���u	  ��5/� x
  +64�a�)    A30 o�'1�� R�- ;� "�( (  +(  +/- g5>C�   #��/0 �/Z�  9   )��1@�/- �/Z�
  9�Z� 3/�45	)�   ;  �/Z�

 y4�@ ?30z+��C	 %� �50 .                �/� H/�=�	 �� �/��u	 :� %0�� )*��� ���� �� ���u	 +( )��1@�- �Z�
 �//////�4�6� T�//////-�//////. ���� �//////4J� )���//////12� ) .  �//////�� 3//////�45	 �//////Z�

   �///�� ���///� #///= �� �///��u	 +///( {5///(�� ///( )*+   T///C$ ; 3///�45	 �� &���///�� +a///-�;
�-� ��4�6� .

       ��� ���� ����� )*��� ?30 += �C�b :��     +/( )*��� %)�:�        �/�4�6� 3/$�; �/. )   �:�� �/� 3/�45	
A�;���(   %� ��<� �� 3.�  9�Z�  )*��� y4�@ ?30,���� ?����u	    �� )*�/�� ?3/0 �� �/��u	 :� %0��
A:�3��)��, %� 37= .    ( �Z� "�� %E7� ��3��              +a/-�5( ���/� �� &.�/= �D��/�( y'</� R�/-;� "�

      +��8 ; A�5( )*��� ?30 �� &.�=5V�      %� ��<� �� )*��� ���� �� %    �� 3/.� %	�5/8 +/=   ��3/�� 
�O|�   �b         %� ��<� �� ���� 3�3<	 �� ���� +( &���,3.� .        �/!	 }�3�30 )*��� ?30 += �C�b :�

	\A��( A5�0 ��Z��C	 g5� "�7r>. ; ](�7� :� )����(���� ?��%� ���2 )*��� A377=���, 9 ?30 �Z�
  +��8 ��1�� %-��( +7��: �� )*��� ���12� ?�64�a� �� )*���5V����� )3�[= &�� % .   ����/0 +/1O4�

      ��4�6� H�=�	 +r��7j �,� += �-� �=~�.   &/'( ]/E� +/( )���12� )  )*�/�� )�/.   �/��u	 �/( 3/7= 9
+��85V�        )��1@�- ?����u	 :� #8�$ ���� �� %  %� K� T.           )���� ?��/��u	 "/�� 3/7j �/. 3/.�

        )���12� �X= ?�W$X� :� %0�� ; A�5( ?3�37[( %1�.�� �-�         +��/8 �3/. �/( }�>��1U� ;  5/V� %
%>� ?�58 )*������, .

  ��b)�

z ( �� Q�( )*��� ���� +��C	 )��(    �5��D7/- ; ��5��/	 ���/12� �;� :�   �/�*5�� )�/.
  A��E1-���= �-� A . . -��C� N��1�:�  �5��D7- )��( )  %� ��<�   +/= 3.�  ?��/��u	  A3/0 A3.�</� �� 

 ��� �����%   ��  %���: +[8��) �G��
ez (          A��� x�/�5	 )*��� y4�@ ?30 �� ���u	 i-5	 }�	3>S
%��50  9  ��%	�58+= �� R�-)�.) F��G���( )��1@�- ?����u	 i-5	 "��O	 �/-� A30  .  N��/1�

    ��5��	 )��( ):�-��C���<�A37.� �U�b          #$��� %��>	 �� y4�@ ?30 �Z� +=    ?����u	 x��5	��
 Q�( ����+( �OU�)��1@�- ?��Z�  9&��)�	�( +10�� �-�  .

    ����_>. ; J���)�

� (   +s��� ">�       ):�/-��C� ��/@ �;� B�         ?3/0 #/= �� �/��u	 ?��/Z�
)*���9  �� �b    37[. ���12� )��(  +( ��=    A��� ��<� ; +1��,      �a� A�;� R5P �� += 3��   +/64)
f��
�f( 9

    x��5	 �� )*��� ?30 ?����u	 A3>S y4�@ ?30 �Z�%� 3.� .     R5/P �� +/= �/-� x�/�5	 +( Y:J
�-� A�5( %E7� }���>	 )*��� ?30 �� ���u	 �5=�� A�;� .

1- Decomposition.
2- Structural Effects.
3- Production Effects.
4- Pure Intencity Effects.
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       Y��b `5���2�; ��-b )*��� ?����!	 �=��)
ff� ()��(        )��( �X= xa- �� )*��� ?30 +��C	 
    � :� +64�a� ��5� )�.�5<= �-� A��= A��E1-� ���5�� �; . ):�-��C� N��1�   )��/( �5/(��  ��!	 ��

   "��* �5<=��<�A37.�              A�;� %/P y4�/@ ?3/0 �/Z� )J�( ���U( T�- )
���
�f( 9   �5</= )��/(
        )��1@�- �Z� )J�( ���U( T�- �D��<� %1�;�(   +[8�� ��R�-)�.)
���
�f( �-�  .��  �5<= "�j

 ?30 �Z� )J�( ���U( T�- ��� y4�@ ��R�-)�.)
���
�f (�� �5V;�� .
%V  95�[(�  9��-)���F ( &�� )��(     �� )*��� )����	 %7�(FG  ��;�� �5<= �    R5P �� %R�- )�/.
��F��F���       A��E1-� #��= +��C	 �;� B� :���= �-� A .    A���  /��!	 ���b +���      +/( {5/(�� )�/.

          R5P �� �.�5<= %[� y4�@�� 3�45	 ; )*��� ����R�- )�/.���F���  �/-�  .   &�/� R3/�  %/7�(
     #�[!	 )�7O� �( �5(�� )�3S )�.�7(�-� A30 +1@�- )*��� ���� ���u	  .   �/Z� +/- +64�a� "�� ��

3//�;�� 9%1<//,�()%S�//C	��(�  +��//8 �//� 3�3<//	 ; 5//V����//� �� %e A3//0 ��;��//( �//-�  .
 )3////�45	 ?��////Z� :� %////O�=�	 �5////(�� ?��////Z� 9 371U////. )*�////�� ?3////0 ; )��1@�////- .

+[///8�$ N��///1�%///� ��<///�    �� )*�///�� )�///���	 g5///>C� +///= 3///7.�FG ��5///� �5<///= 
  +///- �� +///64�a�+///7��, �///� )���///12� 3///0� �"� 9 3///�;� ; J�///( 9 :��G�  "///	 �5///�[�� 

   R�///- �� Y�///@ �///E� R��///6�F���   +///( H///�	�	 +///( �G� 9��� ; ���  "///	 �5///�[�� 
      R�- �� Y�@ �E� R��6���F�  %� &����� 3(�� . . "�� �� +V5	 #(�2 +1_��!	 �    )��/( +/= �U/7�� 

?3//////0 �//////��u	 K�//////� �.�5<//////= H//////4�hR�//////- �� )*�//////�� )�//////.�//////.)
���F���  �-� A�5( %E7�  9+("�>.#�4�  +- �. �� +7��,  +��/8 �/Z�  5/V�   R5/P �� ���/� �� %

R�///-�///. &�///� ��5///� )  %///� T<///j +///( %///7�(��5///@ .  R�///- �� �///Z� "///�� ��3///��

��F� +- �� �(��( +7��, :� �� +( ��G�6� "	 �5�[�� &�� Y�@ �E� R��-� A30 %7�(.�

3-4��5
 ��� 
               ���� �( �Zw� #��5S ; ��V� B�_E	 �( %71O� ���$  ��!	 �� +��C	 )5D4�����  %)*��� �-�  .

             #��5S ��36	 HU$�( %���: +[8�� B� �� ���� ���u	 �;� "��  OP   A30 +1��, �W� ��   ?��Z� +( 
+��,�3V  %� {5(�� )��50 . +��� )5D4� )��( )�              iU/( B/� :� �/��b t��'1/-� ; #��5S ?��Z� B�_E	 

  %� );��� %����37= .     %� ���2 �� �� 5D4� "��  �:�-  +=         +/64�a� ��5/� �/�u1� ��.�� +( �7(  #/��5S ;
��Z\	   �( ���,�b  9   Q5� ��u1�  ��+(?�58   o�l[8�$  �5(�� #��5S   ���( ��=     ��36	 H-�7	 +( d�- ; A

#��5S         B� �. �Z� A30 +1��, �W� ��    � ��1�� �( ��          ��/�: R5/P �� %[/8� �/��u1 +/(    R5/��� ?�5/8
T��;b�� .     �U�� A3�r�� 37j �. �;� "��  9   T/�� ���� ���            �� )��3/����� #/��5S +/= �/-� "/�� �b

      +��C	 3�;� R5$ �� ������=     %� ���2 ��  �!� ; A             �/. ��/1�� ; 3/0� K�/� "1��, �W� �� �( �:�-
#��S  9��Z\	     �� ���� );� �( �� �b37�b &�� A  %7�(37= ;    �( A�D�b ���= ]>V     &�/� +/( ?��Z�   %/7�(

5- Trend effect.
6- Rebound effect.
7- Materialization(Dematerialization) effect.

��A��E1-� ��5� %[�[!	 )5D4� �-� A30 t��'1-� +4��� "�� :� ���$  ��!	 �� .
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 ���������� )*��� %�:����( A37�b .
%� %��6� ��: ?�58 +( %[8� )5D4� t��'1-� )��( %���� iU(�50:

�@�0% 37��� w    %� �W� �� ��         %� �5'( �� )��3�� ���: �. �� += T���,���, .  %/� ��� �5/0
%� �� y@�0 "���$ +( ��5	 o�l[8n #��S +��C	��= .

iX #��S ��i%�T���� .T���� "���(�7(:

)F(i
n

1i XW =Π=

    %���: +[8�� �� �50 ���t=0   �	 t=T  9iX   :� 0
iX   +( T

i
X    %/� �/��u	  3/7=  9    #/�4� "�/>. +/(

0W +( ���TW  %� ���u	 37= .   �;�  OP  %6>V #��= +��C	
  9 �� ���u	w      g5/>C� �( �-� �(��( 
A30 +1��, �W� �� #��5S �� ���u	 :� %0�� ?��Z� 9�0�� T�.�5@ "���(�7(:

)�(effect_i
n

i

n

i

0
i

n

i

T
i

0T XXXWWW ∑∏∏ =−=−=∆

��- )��(�b �30 A%� T�U�5�:
)XX().........XX)(XX()XX(X n

0
n2

0
21

0
1

i i
i

0
i

T
i ∆+∆+∆+=∆+=∏ ∏

    �>� +��C	 �� J�( iU( �,�� +a(�� �� �� +C�1� ; T��T�.� ���2  9 +[>V∏
n

i

0
iX� %/� ���� :�  �;�

) +7��2 �5j   �b     ���� �5V; J�( iU( ��(  9           +/a(�� #/8�$ J�/( ?��OS +��C	 �( "���(�7(�     ]/>V +/= 
     �-� %[8� y@�0 �( #��5S ?��Z�  9 %� y'<��50 .7(       y@�0 �( #��5S ?��Z� g5>C� "���(�W  �� 

%� ��5	+(?�58 ���( ��: ��=:

)�(

i
n
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i
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n
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y@�0 �( #��5S ?��Z� #=W%� ��  B�_E	 �Z� +S5>C� ;� +( ��5	��=:
F�  T��1U� ?��Z� (DE) :      #/��5S +/��,�3V ; T��1U/� ?��/Z� ]/>V �( �(��( �/-�  .   T��1U/� �/Z�
#��SiX%� q��6	 #��5S ���- ��5( �(�Z i���0 �� +=�50 9�-� ��: ?�58 +( :

i0
i

0
i

n
iD

effecti X
X

X
X ∆

Π
=−

#�4� "�>. +(�( �-��(��( #��5S T��1U� ?��Z� g5>C� :

)�(i0
i

0
i

n
i

n

i

D
effecti

n

i
X

X

X
XDE ∆

Π
== ∑∑ −

��>.+�5,%� +W$X� +=  �50DE +a(�� R;� +[>V �( �(��( ��-�  .

9- Complete Additive Decomposition  Approach.
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10- Rutger Hoekstra, Jeroen  J.C.J.M. van den Bergh(2003).
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12- materialization/dematerialization.
13- J.W.Sun (2001).
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%� +O-�!� ��: ?�58 +(�50:

[ ]801358801375751371
i

711367
i

671363
i

631358
islow_i ,,,,,Min −−−−−− αααααα=α

[ ]801358801375751371
i

711367
i

671363
i

631358
ifast_i ,,,,,Max −−−−−− αααααα=α
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   � A;�, "�� ��               R�/- �� 3/0�( A3�/-� T. �|=�3$ +( A�;� R5P �� ���� ?30 +r��7j�, �/. )
  �( A��>. %�����       %� A3�� J�( ������ �� 3�30 }�1OU� ?���-5��50  9:�  ;� "��  %>�   ��5	+(�5P  y'<� 

           R�- �� +��� R�- +( �OU� �� �O|� ��; %E7� ���u	 K���.  )��( %	b )   �b  �5( �5�1� .   %��/�: ��U�
 ��� ?30 #��$ �  %� ��<� �.            &/'( %��/>	 %/6�OP :�, ���� ?30 ��5� �� += 3.�   �� ;  �/.

    &'( Q�( ���� ?30 ��5�        %� ���2 A;�, "�� �� ):�;�<= ; �678 )�.3���, .     K�/� 3/�;� ��3��
%� +O-�!� ��: ?�58 +( )*��� #��$ ���� ?30 ���u	�50 :

801358
itrendi

−
− α=α

R;3V A��>0�K��)�.0�?30 3)*���� ����5� xa- +-��� A��0� ��<� +64�a� A�;� R5P
%�3.�:

 7��=3- Q�� R+�K. S1>� ���U
����	 2�P -�A��

trendi−αfasti−αslowi−α1������

$���	�B
"�C�() ?
#V��$���	�B
"?
#V��$���	�B
"?
#V��
#��$

&'(
�/F��/��+�/�+F��GF+�/G+�/F��+/�+�678
�/��FF+�/G����+�/����/�+):�;�<=
�/F+G/F�+G/�+�/G��/��+G��/���/G+�+/?��3@
�/�+���/�����/����#�� ; #>$

   �$ +1_� "�� ���(�      �� += �-� ��>.� �)���5�+= K��     ?30 ���u	 )�.  3/71O|� ���� 9  �5/W7�
��=  K�� "�� �   &�� )5D4� �� �.   %/� nS�( %7�( �5/0        #/��$ ���/� ?3/0 +/=       A�;� R5/P �� �/.

&��  %7�(+(�5P  3(�� &������>1U�  .            )�|=�3/$ ��3/�� B� )���� 3��( &����� "�� += �-� %�a7�
30�(  9 �-� %E7� )*��� ?30 ���u	 K�� += %	J�$ �� "�7r>. 9&�� ��3��  3/0 %/7�(  �� ?3/0 A
R�-�.   %� &.�= }�O	�� %	b )3(�� 9   )��/( %[2�3/$ �� q= ��3�� B� ��� ?J�$ "�� �� �-� %�a7�

   y@�0 "��)��(         �5/W7� R3/� �� ���;3!� R�>S�  �5/0 .:�   ;� "/��    3/��(       :� 3/6( 5/D4� ?�O/-�!�
&��     ��/�, ���/2 x�!�/	 ; %/-��( ��5� )*��� ?30 #2�3$ ; �|=�3$ �;3$ k�!4 :� %7�( . �/( )�

 �� "��6	3   �|=�3$ ��)B�� ( #2�3$ ;)q= (          %'���/	 ��U/� +( &'(�. �� #��$ �. ���� ?30
 �b�5(�� &'( ��&'( ��%� g5V� +(�<� )�.T�7= .

 ��)���5�+=R�- R5P �� #��$ ���� ?30 �. )���F�G��-� A3�-� �5@ B�� ��3�� +(  9
   ��3�� ��>.+(��57S       %/� �5/W7� &���/�� q�-  �5/0 . "/��      ��5/� �� �/4�$  A��;��/�   ; %/1E� )�/.

   &'( %��>	 �� %6�OP:�,       ���� Q�3�� ?��3@ &'( �� Q�( ; �. .      ���/� ?3/0 %��/�: ��U� ���
   &'( �� Q�( #��$       %>� ; A�5( )�568  ):�;�<= ; �678 )�.A��� `�-� �( ��5	 �5(�� A�;� )�.

 B�� ��3��   �b    y'<� ����= .        Q�( ���� ?30 i-51� �4�$ "�� ��       ]��7/8 �� ; �5(�� A�;� ��
     A;�, ���� �� Q�( )*��� ?30 "��	J�( )���� += )�[� ��h %��=�.%1678 )�-� 57S +(  ��  ��3/��

%� �5W7� B���50 .
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A���     ���� ?30 %'���	 )�.A��;���      %/� ��</� %/1E� )�.           �� )*�/�� ?3/0 B/�� +/= 3/.�
&'( �678 )�.  9):�;�<=  9   #/>$ ; ?��3@      ( H/�	�	 +/( #/��;     �/( �/(���F  9G/F�  9F�   ; G/F�  ; 

#2�3$)q= (    "�� ���� ?30A��;���  &'( �� �. �678 )�.  9):�;�<=  9  #>$ ; ?��3@    +/( #/��;
    �( �(��( H�	�	�  9G/G  9G/G   ; �F          %���$ A�;��� �:�� R��� �5�[�� �� Y�@ �E� R��6� +_<(  �-�  .

        &'( �� Q�( #��$ )��( ���� ?30 B�� ��3�� �678 )�.  9):�;�<=      �/(��( H�	�	 +( ?��3@ ; 
  �(�  9�  ;�/�      &'( �� %6�OP :�, )��( ;          �( �(��( H�	�	 +( ):�;�<= ; �678 )�.��  ;�/�  +_<( 

�-� %���$ A�;��� �:�� �� R��� �5�[�� +( Y�@ �E� R��6� . #2�3$ ��3��)q=( Q�( ���� ?30
  }���8  ?��3@ &'( )��( +( ��=  %� A��(      �( �(��( += �50}�O���	�/�       Y�/@ �/E� R��/6� +_<(   �/-�  .

          %���: ��U� +( +V5	 �( %6�OP :�, ���� ?30 #2�3$ ��3��   �b      :��� ��5� 5D4� ���U�� .   +/( Y:J
 x��5	�>�2 HU$ �( %���$ A�;��� �:�� += �-� R�- )�.F��F�-� A30 +O-�!�  .

I-��� W�
��   1XD	 ����
&�� )��( �� #O2 �>U2 �� A30 %��6� R3�7�(#��$ )����	 %+- )�.#��0 )*��� +��, 9Q�( 9

   ; %6�OP:�,A��;���   &'( �� %1E� )�.        R�/- %/P ���/�� ���/12� )3�45	 )�. �/. )�G�F��F  �/(
)�7O�   +- +7��, +( ��=+1��,T�� .    R�- �C7�� ��F���  +��� R�-  �-� 9 "�3(      ���� ������ += %76� 

���� #��$ %�.  9 A�;��� �:��  9    �� )*��� ?30  R�-F���+( ��5/7S         ?3/0 ?��/Z� +O/-�!� )�/7O� 
)*���  9   R�- �� ���� 3�;� ; )��1@�-�.%	b )+( ��=A30 +1��, 3�� .   "�/7j �� +O/-�!� A5�0 "��

5D4��.� %� %�[	 %�5>S A3S�2 B� %�50 .&�� N��1�#��0 ����	 )��V� B�_E	 +( %7�( 9 v�V �� �Z�
3�;�  9)��1@�- �Z� 9)*��� ?30 �Z� 9�= ���� &.)+��85V�%�z (���� 3�3<	 �� ;��  "�/7r>.; 

        A��>0 R;�3V �� %1<,�( �Z�� %4� F�   �-� A30 t��  .���5>�    A��>0  )�.F   �	 �     ; 3�;� ��U� ��� 
  &�� ��3�� #=       R�- R5P �� �� #��$ +- )����	 %7�(�.&�� )   %/� ��</� %/7�( 3/7.� .  +/���� ��

&�� N��1�#��$ B�_E	 +( %7�( )*��� )�.%� ���2 %-��( ��5����,:
RD	-��� W�
�� V�� @.
  ����:&�� N��1�  +- �. �� Q�( %7�(+7��,%� ��<�  ?30 �Z� += 3.�

  R�- )��( )*����.  &�� ��5� )               �� )��1@�/- �/Z� �/-� ���/( }�1OU� )������ )���� ; �O|� %7�(
+7��,        ;� ��; %E7� J�( 30� K�� +7��,       +>. �� ; �O|� �D��      Bj5= ���U( )������ )���� ?J�$
�-� .        R�- "�� R5P �� += �-� %76� ��3( "���. ��� ���� �   ?3/0 &���/�� +�$�� :� #��$ "�� %

  ����+(�5P   %� &����� �>1U� 3(�� .+��85V�          ?����u	 #�4� +( )��j�� ���U( 3$ �� ���� �� %
   �� )��1@�-+7��,           +( +V5	 �( ; ���� �5V; J�( 30� K��    �. �� ���� ?30 �Z� �	J�( }�1OU� ������

  +-+7��,   R�- R5P �� �.  &�� ��5� )    ��� ���� 3�3<	 �( %7�(�    T�1U/. +/V�5� % .    �/���	 ��3/��
      R�- �� Q�( )*��� )��(F���    �( �(��( }��;3$ �� %4�$ �� �-� A�5( Y�@ �E� R��6� +_<( �5�[�� 

      R�- )��( ����	 ����� +=F��G   �� +7��,   K��  "���� 30�  9    �( �(��( H�	�	 +( 3�;� ; J�(�G 9FG� ; 
F��      &�� Y�@ �E� R��6� +_<( �5�[��    %/� %/7�( �5/0 . ���5/>�    A��>/0 F        #/= ��3/�� ; 3/�;��Z� 

14- Dematerialization.
15- Materialization.
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&��       R�- �� �� Q�( )��( ����	 A30 %7�(�.  )F��F   %4� F��G    +- �� +7��,  %� ��<� 3.� . +[8��
     �. �� %62�; )����	 ; 3�;� �Z�+7��,%� ��<� �� ���� 3�3<	 �����     +/- �/. �� ;  3/.� +/7��,

�-� )�568 ��U� )����
Y-  ��� W�
��   �C�() ?
< ����:  &�� N��1�      +- �. �� %7�(+7��,  %� ��<�         ?3/0 �/Z� +/= 3/.�

  R�- )��( )*����.  &�� ��5� )      )��1@�- �Z� ; �O|� %7�(  }���8  ��+7��,    �-� %E7� J�( 30� K��  .
 O|� ��3��       �� += �-� A30 nS�( #��$ "�� ���� ?����u	 x��5	 �� ?30 �Z� H4�h T�- ; J�( �

  R�- "�� R5P�.     %6�OP :�, ���� +(�5P             �/��u	 #�4� +( T. %=3�� ; ���� ?30 +�$�� :� A3>S 
   &'( %OU� T�- ��      %[� ���12� �� )3�45	 )�.+(�5P  &����� �>1U� 3(�� .      �/. ����� �4�$ "�� ��

  +-7��,+     T�1U. +V�5� ���� 3�3<	 �Z�  .  %� ��<� N��1�          :� %/6�OP :�/, )�/���	 ����� += 3.�
  �;3$F��      R�- �� Y�@ �E� R��6� +_<( �5�[�� F��� 9 +- ��+7��,"���� 30� K��  9  K�/� ; J�(

      R�-  )��( 3�;� 30�F��G        �( �(��( H�	�	 +( ���  9���   ; ��G         Y�/@ �/E� R��6� +_<( �5�[��  
&���(  %7A30 �-�  .      &/'( �� +/64�a� A�;� R5/P �� %/6�OP :�/, ���� ?30 ���u	 K�� +7���

  �678� +/   �	 38��GF +        ?��3/@ &/'( �� ; 38���/G +     �/	 3/8���/�� +     �/-� A�5/( 3/8�� 9
+("�>.   &�� ������ k�!4 %7�(     +- �� ����	 A30+7��,   J�( }�1OU� ?;�E	 �   3���� �D�3_� �( % .���5>�

  A��>0�   �Z�     &�� #= ��3�� ; 3�;�      R�/- �� �� %/6�OP :�/, )��( ����	 A30 %7�( �/. )F��F  %/4� 
F��G   +- )��( +7��,%� ��<� 3.� .%� +W$X� +r��7j�50 9 +/- �. ��  ���� +( &���, )���� 

�-� )�568 ��- .
Z- ��� W�
��  ����$���	�B��[� �
":&�� N��1�  �� %7�(+7��, /( ; "���� 30� K�� )�.  ��</� J�

%�        "�� ���� ?30 �Z�  += 3.�A��;���  R�- )��( �.�.    &�/� ��5/� )    )���� ; %/E7� }�/��>	 %/7�(
   ; J�(  [a� ������  ��+7��,     �-� �O|� 3�;� 30� K��  .        +/- �/. �� ��� )��1@�-�Z� +/7��,   }�/��>	 

 �-� �O|� . #�4� +(        ;� �� ���� ?30 %E7��Z� ��5( H4�h +7��,"���� 30� K��   &.�/= �( J�( ; 
   ���� ��)+��85V�% ( T�1U. +V�5� .   �� ���+7��, O|� #�4� +( 3�;� K�� �  )��1@�/- ?��Z� ��5( 

     %� 3�3<	 ���� )*��� ?30 ;�50 .  %� ��<� N��1�        "/�� )��( ����	 ����� += 3.� A��;��/�   :� �/.
  �;3$�F� R�-  Y�@ �E� R��6� +_<( �5�[�� F��� 9 +- ��+7��,0� K�� "���� 3 9 +( 3�;� ; J�(

 �( �(��( H�	�	��� 9��� ; ��� R�- )��( Y�@ �E� R��6� +_<( �5�[�� F��G��� 37.�5@ J�( .
   &�� N��1� �( {�O	�� �� +V5	 #(�2 +1_� %7�( A��;��/�    #/(�2 ?;�/E	 %/1E� )�/.  ����/�� +/W$X�

&�� �� %7�(+7��,"���� 30� K�� )�.; +( �OU� J�(+7��,� �D��-�  .   +/= �U/7�� ��� "�� #�4�
      R�- :� #2�3$ 37j �.F��� 9 "�� ���� ?30A��;���&'( %��>	 �� �.     A�5/( &.�/= +/( ;� �/.

�-�  9         A�;� #= �� y@�0 "�� ���u	 K�� ���)3�;� ( &/'( )��(   #/>$ ; ?��3/@ )�/.;   +/= #/��
A3>S ���� "��	377=   "�� ��,A��;��� %� �.  �-� �O|� 370�(  9:� �  ;� "�   ��  +/7��,    3�;�3/0� K�/� 

      %� A3.�<� ���� +( &���, �� 3�3<	�50 .���5>�   A��>0 �      &�� #= ��3�� ; 3�;� �Z�    A3/0 %7�(
 )��( ����	A��;���R�-�� �� %1E� )�.�.&�� ��5� ) +- )��( %7�(+7��,%� ��<� 3.� .
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 7��=\-��� W�
��7
� �) �	��	 �� V�� �
�
�
 ����
" �EFGF �D	 EF]: �� ����<^��
� �P� Q�� 

 7��=:-��� W�
��7
� �) �	��	 �� V�� �
�
�
 ����
" �EFGF �D	 EF]: �� ����<_
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 7��=J-��� W�
��7
� �) �	��	 �� V�� �
�
�
 ����
" �EFGF �D	 EF]: �� ����<���� �P� Q�� 

7��=I-��� W�
�� ?
< �
�
�
 ����7
� �) �	��	 �� �C�()
" �EFGF �D	 EF]: �� ����<^��
� �P� Q�� 

 7��=G-��� W�
��7
� �) �	��	 �� �C�() ?
< �
�
�
 ����
" �EFGF �D	 EF]: �� ����<_
� �P� Q�� 
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 7��=]-��� W�
��7
� �) �	��	 �� �C�() ?
< �
�
�
 ����
" �EFGF �D	 EF]: �� ����<�P� Q�� ���� 

7��=EH-��� W�
�� �
�
�
 ����$���	�B7
� �) �	��	 �� ��[� �
"
" �EFGF �D	 EF]: �� ����< �P� Q�� 
^��
�
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7��=EE-��� W�
�� �
�
�
 ����$���	�B7
� �) �	��	 �� ��[� �
"
" �EFGF �D	 EF]: �� ����< �P� Q�� 
_
�

7��=E`-��� W�
�� �
�
�
 �����B$���	7
� �) �	��	 �� ��[� �
"
" �EFGF �D	 EF]: �� ����< �P� Q�� 
����
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�	�1O�`-��� @# �	��. � ���� 7
� �� �C�() ?
< �	�� 
�
�
 $�P ����
" �EFGE �D	EF]: �� �� 
����<)H=EFGH(
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�	�1O�F-��� @# �	��. � ����  �	�� 
�
�
 $�P ����$���	�B7
� �� ��[� �
"
" �EFGE
 �D	EF]: �� �� ����<)H=EFGH(

G-dO= ����� � ���� ���<
            #��$ )��( ����	 ��3�� +��C	 )5D4� B� :� A��E1-� �(  ��!	 "�� ��     � )*�/�� +/��, +/- )�/. �

&'(      �678 &'( #��0 ����� ���12� )3�45	 )�.  9):�;�<=  9       B/� )��/( #/�� ; #/>$ ; ?��3@
  A�;�FG &�� ��5� +4�- ���, ���2 %7�( .    T</j �� 3/0� ��3/.� +/r��7j �,�  �U/�( :�3/��  ; +4�/-

N7//� +//����( "�//7r>. o�//'1�� ; y�'<//	 )�//7O� �� �5<//= %S�//>1V� ; )���//12� +6//-5	 +4�//-
H-�7�  "��	+7��,#>1!� �� &�� "��	%7�(     3/0� K�/� 37/- ;� �/. �� += �E, 3��( T�.� ���2 �.
  �3.)�   ; �/G 38��  (}�O���	  K�� �(      �� A30 �5W7� 30� )�.+7��, ���� %��5/'>. J�( 30� K�� �(  .

    ��� )*��� ���� ?30 += �C�b :� ���+(��57S       ��5/� )5/D4� �� %/	b )�/���	 A3/77= "�/�6	 #��S 
 A��E1-�%� v�E�� �� %>�� &��37= 9 3��( "��6	 )��(+7��,H-�7� �	 �� ��� y@�0 "�� ��6�; +(

+����( +V5	 %	b i���0 ; �.��= .        �/( B/���� ���U/( %6(�/	 +/a(�� )���� y@�/0 "/�� %	b ��6�;
�-��-�.   �5O�( )A�:�(  ���� �5<= )*��� &'( i-5	 )*���  .�-��- "�� +[>V :��.   +/����( :� +/= 
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�             R�O�� ; )��D�� +( ; A�5( �����D1-��- �W� 3� �57=�	 +6-5	 R;��=       �/�� A37�b �� ���b � 3/�=\	
%��50  9?��OS �-�  :�  :�-��-�.   )*��� �>�2 #�36	 )  9          R5/P �� )*�/�� �/>�2 �>1U/� &�����
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