
 

  

  

  
  

  

  :ارائه شده توسط

ه فا ��   سايت ��
  

�  مرجع �� ه شده جديد�� ��   مقا�ت ��

ت معت �  �#  از ن%$

http://tarjomefa.com/


1 

 

����� �� 	
�� ��
�� ����� ������ �� � ����� 	��� ������ �� ���  ����� 	�

��! 	��"��� 	�# ����
 ��  

  

$���% :  

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

�  � .�
( ��� ���%&� � ��	��* �	+ ���, ��	
 ��	��� "�( �(�� ( �-	� .�� /� 	� ��0%	$� "�(

"12�3 �4� � 	� .�� "�( �� 5��� �� �	6�7�8 �( ��2 �	�� � /�19:% �	�� ' ; "�( 	� �&, �� <��0�.	 

<�1=� >�(�,	� �	3�	
 �(�� .�
( ?
	�� �@ � �� �+� �� A �B�(�� ��9�
 C�D /� � �E�	��� � FG	9

.�	B�  ���� �	�� �� ��	E�+ .�&, �� F; �2	71�( �	+ H� � �	:� �%�	0� 	� &%	
 /� ���D �( 	+ I�(�

 <�	J� � 	+ 	� �( I�	�1
( ��(� �	7� 	� � F��0� �(�� ��%&� ��� ��	��� �� ��2�J �	'KD( �9�� ��L8 �	��(

.�� .�&, �� .	
( ���M  	+ I�(� "12�3 �4� � 	� 	+ 51�&E%( � N�	1� .��&, �� ��	��( �0O(� >�(�, �(

.�
( ����� ��(	� I��+� �	7� �	B
	P�  

:	���' (�)�' �B�(�� ��9�
 ����� ����� �	�� ���%&� ��� ��	���  

1- ���+�  

  I�	�1
( �	+ ���, ��( �&
 �(�� ����� �	�� � ��%&� ��� ��	��� �� Q&��� FG	9� ���%&� �	+ 519�
 �

�� �( R�PS� T�	 �U� �'&� 	� V	 �( ���	� F�	O FG	9� "�( .��(� �� +(  ��4� 	+ W=� �( �0�
� <�D �

�0�S ���� � �%&�1� �&�	� )��3 �1=�2012 ���( � Y	��� � (�&
 �� �2015 &1��(&� � &�( )��(LZ T�	�S �(

2014� ( �� � /�	�( �\	��� )�,	� �� �	�� � �%& P� FU� � F ; �%�2014��� ��	��� ���3( .(  �	�� �

 �&M� 	+ �@ "�� �&O �$�( /� �(��	�� ' 	� ���B+( �( )�
( ��	�1� ���3 5� !� R$
 �� �� ��01� ����

]&!* � ��� ���1=� �	0%	$� � �(�  � �� � F9�� )�(� �&M� 	+ ��B+( � 	+ .��1997 �	� � ��� �2013 �

 (	���"�M ����	22013 � �& �� � �	��6 �
 ��	����(2013�� �(&� �� ( I�, �71�� �	+ ��B+( .(  �����

��	��� � �B�(�� ��9�
 �	+ .��� 5�9U�  



2 

 

 ���� &D �� �	�� ���%&� ��� ��	��� ^�+  � ��(&� 	� _& 0� �	 � !� � �
( <�1=� �_&!P� ��%&� I&�, �

	+ � �O .�	0� � �`&' � .��(� Q	B�(( ��	*	� >�(�, ����� �	�� FG	9 � �12�3 �4� � �� ��� �� "��0� 

.�+� A ��&E� �19�	� ��%&� FG	9� "�( FU19� ��	
 ���6� .�
( �	�� 	� >B��� _& 0� 	+ �@ ^(�+( � �� ��(&

�� �:��  H� .�(� �&M� 5� !� C&$
 ?���� �� �	�� �� "�( �( � �&, ���6� ��Z �	+ F; I(� �U���� �	+ 	

�� �:�� �� �&D �� :���3 �� �4� � �	�� 5+ &D �� ( ��#9� �� �+ ���	���  /� �%�	B� � �16� �	+ F; I(

H� /� ����� ����� .�&, �� �7�	�( � ��	B
	P� �3��b�8 �%	; �@ � �� �
( �2	71�( � ��9�
 ��B�(�

���%&� ��� ��	��� � ���� �	�� FG	9� �.�+� �� A 	+ F; I( � 	+ I�(� �%�	B  

 F�_� ^(�+( �  �� I��
 �_&!P� �( �0�
� <�D (�1�( � :��� <��0� ��� �&S �� �(&� �� ( ��UP� "�(

����E� �4� � ( /�19:% ��	�	8 /� 	� � 	-	U� ���� ^�D�� �(�� �19�	� �� �P� 	B�( /� �� .	U1�( 	M �� 	M ��

( �(�� .��&,/� ����	�� �(��%&� � �_&!P� �.	U1�( "�( V	:� &
 /� �( .��19+ �(��6:� ��
 �� ��#9� ��	�

��� ( ��	 � !� �19�	� .	U1�( �	�� � �(&� ��	M �� 	M �	�� c�; �(  ��	��� ��#9� ��E�� �&
 �( .���E� �(&�

	� ��� �:�
 �	��( 	�� � �(��6:� ��9� "��0� ���� ��	���.�(� Q	B�( �( �   

 "�( ^�+ � �0%	$� H� 	� >B��� �
	�, �
( �0O(� I�(��( �(&� 	� ��#9� F; �(�� �U���� ��%	U� "�( � .

d&�	� /� �( I�	�1
( � ��%&� ��� ��	��� FG	9� F; �(�� �B�(�� ��9�
 � ���� �	��  � �_&!P� ��((

.�&, �� �12�3 �4� �( �0�
� <�D �( H� "�(  ��&� ���M .��� �� I�	�1
( �2	71�( � �-	� �	+ �&�
_&��2

	+ 51�&E%( �( �B���� Y	
( �� H� "�( �� �3��
 �(��  �� .�
( ��� I	�&� � ��� �	�� �	 � !� "�� ��(&�

Y	
( �� �I�K' ����� �	�� F; I( �	+ �����P� ��&U� �(�� �2	-(  .��&, �� ��(( � ��%&� ��� ��	����� 

Q	B�( &4�� �� I�	�1
( 	+ ��9� ��2�J �( 	� ��	'KD( R$
 �� 	� ��#9� "�( .��� �� �K' ��0%	$� "�( � �I

��#9� �� 	� �&, �� �1*	
 �-	� .�� /� � �B�(�� ��9�
 d&�	M /�  �3��
 FU� � F ; � �0O(� 	B�(

� FG	9� "�( .�&, � ��#9� "�( .��+� �� A F���� 	� F ; ��	�	8 �	��  "�( 	� ��12( �� e	��( "+@ f�9�	�

�7� �
�� �	0%	$� � F�	� &D �� .	;.��( I �( ��	+ I�(� "12�3 �4� � 	� �	7�	��@ �0O(� >�(�,  	B1'(

� ��&, �� �:�
 .��+� �� �	7� ( .�� � 	+ 51�&E%( �7=� �g( ��7�	�( � ��	B
	P� N�	1�  



3 

 

  W=� :�
( I�, �+� �	��	
 ��� �&S �� �%	U� "�( ��(�(2  �� V&
 W=� .��(��8 �� T�	�� ��� �
�� ��

 <��0��� ���(��8 �� �( ��#9� .�&, �� �	:�( �-	� �9�&� ��	��� .�� /� �@ Y	
( 
�� �� V	6� W=�� 

� I�	�1
( �&� �	+ ��h1� � 	+ �'& :� 5:�8 W=� .��(��8 �� �-	� �&�
_&��2 ��B+( �&� �  F; I( �

.��� �� �BPS ��S( �	+ 51�&E%( � 	+  N�	1� �� Q&��� 57, W=�� �7�	�( 1� ��	6� � � I�&� ��	B
	P� �:�

.�&, �� C�$� I���@ �	U�UP� � ���3  

 2-,���� ����  

 "�� F�	U1� �g( ���� �	�� � ��� ��	��� ^(�+ "�( �� ���
 �(�� ���1=� �	+ HK� � �9�� ���M V&6�� /� 

�� M �( �
( �12�3 �&S )Ozdamar � Yazgac(1999), Meyr (2000), Wu� Ierapetritou 

(2007), Gaglioppa, Miller, � Benjaafar (2008), Mateus, Ravetti, Souza, � Valeriano 

(2010), Kis � Kovcs (2012),  �, Meyr � Mann (2013) � Wolosewicz, Dauzre-Prs, � 

Aggoune(2015). You, Grossmann, � Wassick (2011) � Calfa, Agarwal, Grossmann, 

� Wassick (2013) (��	��� FG	9� �
�� �� �� .��1*(��8 �0%	$� � )�(	� + � &�2011�( ��#9�  ��%&�

"��0� �@ ^�+ �� �
( I�, �12�3 �4� � ��	���  ��2�J CKS( ��	��� /� �	:�( � �_&!P� ��%&� �	��

�,	� �� ���6� %	� .��� ^�D �� �(&1� ( I���@ �	-	U� �� �&D ��)�(	� + � 	�2013(  ��	��� �
�� ��

���� �	�� � ��� ��	��� ��	
 �( �( ��B, /� i� �	+ ��	*	� <��0� ���S( ��#9� .��(��8 �� (�U� !P� �_&

j�!=� ���	�� I�� �+ � I�, ��%&� � i� �	+ �;(� �� �_&!P� � �	�� ' ��O� ���� �	��  ��	�� �%(&�

.�
( �_&!P�  

 �	+ ��B+( ���:� :�
( ��� �(&� F�	, 	M "�( � I�, I�	�1
(  �(	� + � &� ) � k�(�3_ ���:� � �P$
 ��

2011� ( k�(�3_  �(	� + � 	�%	� )��	�� � �P$
 ��2013F; � 	+ ����� "�( .(  Y	�U� l�� �10�S FG	9�

I�, �12�3 �4� � FG	9� ���3( .��( I��� F ' �2&� �( ��	�1� �0%	$� �� "�( �  "�( � I�, C�$� c;	B�

 �	+ 59��	�� � ��(� 	� ��
 I��b�8 � �0O(� �10�S FG	9� 	� 	+ �@ .�
( ��	7� F; I( ����� ���19+ �%	U�

"�� Q	B�( � ���:�  � �B�(�� ��9�
 �&S �� �(&� �� ( ��	6�7�8 �	+ ��B+( .���� �� <7� ( FG	9� ���

4�(��� �2�3 � .��&, �� F; � ���:� (�:� &D �� FG	9� "�(  



4 

 

 �� &D �	 +  �D	�� ��-�' I�3 �� "�� 	+ I��(�2 � �_&!P� �	��M �%	U� "�( � ��S( ��#9� ��, �1�3 KBO

�
�� �� <�1=� T�	�� �$�( "�( � .�
( 	-	U� �	+ I�3 � 	B�( � .&!P� �	��M ��2 �%& P� �	+ ��	�	8 ) 

f�
 .	Z� �"+@ f�9�	� .��( �1*(��8 ( �KZ � T�	�� 	M "�( � I�, C�$�  �	+ 51�&E%( � �-	� �	6%�� ��

�2	71�( � ��O� .��( I��� �	�1
(  

� "E��� )�	+(	��(2007?���� ��#9� �0%	$� �� (  �	UUP� "�( .��( �1*(��8 �KZ F ; �	+ �17� j�!=� �

�&� ��	��� .�� /��$* �9 ����3 	� �?���� �	+ �����P� 	� ( �B���� .(�E1�( � FU� � F ;  I��*m

�_&!P� )���	M � �&9�&� ���	�	� .����� �	:�(2008"�� �_&!P� �	��M ��	
 ���6� �
�� �� (  ��	*	�

)\	8 � &� �5�� .��1*(��8 ��	0� �2009�_&!P� j�!=� �0%	$� �� ( � ��8 I	E�(� 	� ��#9� "�( .��1+(

�$* �9�&� ��	��� �( I�	�1
( )	�&% � (��&�%( �	1
	� �Y�	� .�, F; �B���� .(�E1�(2011/� (  ��	��� .��

�$* �9�&�  F; I( .���(� �0
&� V(� �(� �E� �(�, 	� I(� + 	+ �E�% j�!=� ��#9� �(�� ( �B���� .(�E1�(

 ���6� �	+ �19� �( I�	�1
( 	� 	+ f��%�	
 � ��9�%	3 ���_&� .����@ �
�� I�, ��	
 ��B, �3���	� � ��	


2012 ��#9� �
�� �� .��1*(��8 	�%(�1
( � f�
 .	Z� ��	*m ��0%	$� "�( �  I�	�1
( �&� �(��6:� d	=1�(

�.	; "�' � � �
( V�_ I��*m FP� �� I�, I��*m �	+_	� FU� � F ; �(�� (�2 ��	
 V	3 5+ �� +( �( ���

)�(	� + � f��
 .�
( (�&*�� ��	��2012.�� ( �9�&� ��	��� .(�E1�(- ( R�PS  ��� ��	��� ��#9� �(��

��%&� ��2�J W�(�2( .��( I��� ��(( 	�%(�1
( � f�
 .	Z� ��	+ "��E�	M .	B�� �� .�� "�( J �0
&� �(�� ��2�

	-	U� T2 �6M  �	+ ����+ W+	� " - �(	� + � /��( ���	6� � .�
( �1*	
 ���2014 �U���� .�� /� �

�E�% j�!=� �(�� ( ��#9� � �U���� j�!=� �(�� �	�� �( ��2 �	+ ���
( ( ( ��	+ F; I( � I��� ��(( ( �

51�&�%( ���D .��� C�$� �(L�1 �O  

�	U�UP� "�( ���3( � �	+ W%	� ]&!* � ( � 6� �	+ 	��	+ ��	�	8 � I�, �12	 �( ��2 �	��  I�(� V	:�(

���( ��	
 ��	��� �� 	2�S �� �(�� �&M� �( �%	U� �%� � .&!P� �	��M .�,	� �1*(��8 	+ ��9� ���� �	�� ( "�

.�&, F; �( ��2 �	+ ��	�	8 � �19�	� � I�&� .�(�1� 	�9� ��#9�  

3- ����� ����  



5 

 

 $� �&� ��� ��	�	8���3 	� �(�� �(��6:� o&� "���� �((� �0%	 �� �� "+@ /�9�	� ���(� :�
( 	+ �17� 

�"�,	� (&� ��%	U� ��1
( f�
 ���0� � �K�� � �17� "+@ /�9�	� .�&%  � �
( ��S( �	:� .&!P� /�

�12�3 �4� � 	� "�( � �� �,	� �� �%&!P� 	6�� & 0� "+@ /�9�	� o&� �
 .�
( I�,_ ��( I�&� :�(� �&M� 

�( �(&� �� ( �E�� o&� "���� .�1�8 ���&
  �����2 � ��	� �, �	+ �3k�� �4� �( �� ��� �17� V	* �(&�

.��19+ ��	�1�  

 �16� \� &4�� �� ��;(�D � ��� ��	��� ��#9� �4� � ( ��� �&�	�
 .����E� �	+ I�3 �( �( �'& :� -�' �

19�
 ��� 	� ��FU� � F ; �(�� �_&!P� 	+ �@ � �� ��(� �&M� 	+ 5 	� I��*m �	+ I�3  I�� � 	+ I	3 �E�%

	� 	-	U� �	+ �(��6:� .(�_&!P� F ; � .	U1�( Q	U� )��(� �&M� F�&P� �	+ 519�
 ��� ��2�J 	� �!!=� 

.��&, �� I�	�1
( ��B, � �_&!P� FU� � F ; �(�� I�, <��0� W�8 �( �	+  I�3 "�� ��(��6:� ��9� /�

.�,	� �� "�0� ��2�J /� �((� 	+  F�,1 .�+� �� �	7� ( ��#9� "�( ��� �	 �  �
( ���P� 	+ ��9� �(�0�

�19�	� � �(��6:� "�� �� ��	�1� .&!P� �� �3( ��� "�( �( .�&, 5�9U� �&, I�(� j�!=� <�1=� �	+ ��9� �

+ I�	� � �19�	� 	+ ��9� "�( F�, ���,	� .	02 ��	,&8 5+ ��Z �	2  ��9� �� �@ � �� �+� �� �	7� ( ��&�

1  �2 .��,	� �� �(��6:� /� �((�  

 519�
 ���  ( 	B�( 	� ��	
 I��*m �U$�� �+ .�
( ��	
 I��;m �(�� <�1=� �D	�� �( F�71� 	B�( 	� I	3�E�%

�+ �	0�( .��� 5�9U� �( I��;m �	+ \&�� �� V&
&� �D	�� ��� �� �(&� ��  � �,	� ��h1� ��(&� �� 	B�( \&��

"�� �U$�� /� .�(� .&!P� o&� �� �E19� *m �	+ \&���( I�� 5+  I�&%( � ?���� d	�1M( �( �	' �19�	� ���

��	
 /� 	� .&!P� ���(�( � .�
( ��	
 5+ �_&!P�  5+ �	M �� �U$�� �� �� ��	9+��*m \&�� �	;K$S(

.��&, �� I�	�1
(  



6 

 

  

 F�,1F�&P� �	+ 519�
 � 	B�(�H��L8:  

  

 F�,2 \�17� �(��6:� 	� �	+ ��9�  

 �, F��P� ��#9�/� �� ���� `�2 .�&, �� <��0� ��� �&S �� �0%	$� "�( � I I�3 � .&!P� �	6�7�8 

� (�U� <��0� F�	, ��#9� "�( .��&, ^�D�� ��	�� �2( /� �D � 	+ 	-	U� � �(� �&M� 	B�( � �-�' �	+ 

I�3 �( 	� � 	-	U� I�3 � I��*m I�3 /� �� �-�' I�3 �+ �( .&!P� �+ �!U� �� I��*m 	-	U� I�3  5+ � �,	� ��

�( �( �'& :� �	�� �	+ ��9� 5�4�� ( "� �  "�0� �	�� � �_&!P� "�( �� �&, FS	; �	�� D( 	� ��� ��

I�K' �� .��&, �� I�(� .	U1�( �%�	B� �� Q&��� �	+ ����+ W+	� � 	+ �U$�� ��� � _	� d	=1�( � 	-	U� T2 � 5

(�� ��9� "��� ����+FU� � F ; � 	+ �%& P� �� V&
&� ��#9� "�( ��0� �� "�( �( .�
( V�_ �	��M ��� ��	��� 

 	� ��� ��	��� ��#9� � .&!P�PFPSP .�
(  
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4-  ����-���!PFPSP  

 �-	� .��PFPSP )Y&�	� � ��� >
&� 	� "�%�(2013 ��	��� ��	�� �2( /� �(�� ��%&� F� .�
( I�, ��(( (

 �� � I�, ���T .&!P� �-�' �	+ I�3 .�&, �� 5�9U� I�� �� Q&��� �(�� �_&!P� ���  	-	U� I�3 T2

 ��9� :��&, �� 5�9U� o&� �
 �� 	+ ��9� .��19+X �( ( �_&!P� ��  	� H��L8 ��9� ��+� �� .	U1�( 	B�(Y 

H��L8 �(  ��9� � F�&P� 	�Z �( .F�&P� 	� 	B�(  

  ��	�1� �_&!P� ��(�� �&M� 	-	U� T2 �(�� �2	� .&!P� �� �1O�  �� /���� ����� 	�P ��(&� ��  I�	�1
(

�&S "�( � .�
( I�, ^�D �� �17� �	-	U� F� �� �&, FS	; �	�� D( 	� �&, I�	�1
( �_&!P� "�( �( 

	� I�, ���3 I�(��( ��(� W+	� �� I	,(  .�(�  /� �� �&, �� I�	�1
( ��&S � 	6�� "��E�	M H�

 �2	� .&!P�P .�,	� �1,(� �&M� H��L8 519�
 ��� �  

 .�
( 	+ ��9� �( �( �'& :� d	=1�( � �( I��*m �D	�� �� �_&!P� �	�� 5+ j�!=� ���S( W%	�  �'& :�

� I�	�1
( �&� ��S( �	+ ��h1� � 	+  � + F�	� �&�
_&��2 .�
( I�, <�S&� ��� � �B�(�� ��9�
 H�

.�
( I�, I�(� �	7� �
&�8 � 	+ ��h1� � 	+ �1�(	8  

  .��M1'& :� � ��	
 .�� �(�� I�	�1
( �&� ��S( �	+ �PFPSP ��� �� <��0� (  

 .��M2  ��	
 .�� � I�	�1
( �&� ��S( 5� !� �	+ ��h1�PFPSP  <�S&� �� ��0� W=� .�+� �� �	7� (

 F; �(�� �B�(�� ��9�
 �����PFPSP .��(��8 ��  

5- �� ������  

  F;PFPSP (�0� .�
( ��E�( �� W%	� ��#9� /�� 	+ ��h1� �  � �(��6:� >
&� I�, ��%&� �	B���� (�U�

� <�	J� .�� F; 	� �&, �� ?M&� ����� �	�� �	2 �	+ �19� ���D �( ��	
 ���6�  	� �(�� .�&, �� �=


 ���� �	�� � ��%&� ��� ��	��� �@ � �� 5��� �� I�	�1
( �B�(�� ��9�
 ����� /� �( 	� ���#9� "�( �� ��

� F�, .��&, �� F; (�:� &D �3  F; �(�� ( F; I( ��B+( �PFPSP .�
( I��� ��((  

 .��M1: .�� �(�� ��S( �	+ �'& :� PFPSP  

�'& :�  <�S&�  
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 	+ I�� �'& :�  

 �_&!P� �'& :�  

 �'& :� 	B�( �	+ �U$�� ���  

 (	B�(.H��L8 )	+ ��9� o& :�  

 (F�&P�.H��L8)	+ ��9� o& :�  

 (F�&P�/	B�()	+ ��9� o& :�  

  

 .��M2��S( �	+ �1�(	8 � 	+ ��h1� :  

��h1�  <�S&�  

    �U$�� ��� �� �1O�S  .&!P� �(��P  �	�� �T  j�!=�

(�U� �((� �&, � + I�(� �
( �;(�  

   �	�� � I�, m	=�( �	��t �(��  .&!P� .	U1�(p  H��L8 �(

 ��9� � 	B�( 	�  

   .&!P� .	U1�( �	�� 	-	U� T2 �(��  .&!P� �p  �

 I��t  ��9� �( I�	�1
( 	�r  �	' �'& :� �(  � .�
(  

 

 .&!P� (�U� �E�	��p �  � �� �
( H��L8 519�
 ���

�
( I�7� I�(� F�&P� I�� �	�	8  

   .&!P� (�U� �E�	��p � �� �
(  ���
(n  I�� �	�	8 �t 

�
( I�7� I�(� F�&P�  

 �� Q&��� ����+  .&!P� ����E�	M 	� ��(� W+	�p  	�

 .&!P�  .&!P� �	-	U� T2 �(��p  �� ��	�� �

 .�
(  

  

������ "�( � ��%&� ���� �	�� � ��� ��	��� � .�&, �� F; I�� �� I�� �&S �� ���%&� ��;��  �( �=9�

 �(PFPS /� ���D �( 	0�����	��� � ���� �	�� �=9� � .�&, �� F; �	:� �%� ��
 /�  ����P� � �&�O

	+ )�&, �� F� P�(A.14)–(A.31), (A.38), (A.40)–(A.42)(  ��%&� �	+ ��h1�

 �� V&
&�PFPSP .�
( q��� � �
( 	� �+ �	�	8 � o��, �	�� I���� <��0� ���� �	�� �	2 WU�  5�9U�

���3 �� �4� � ( 	+ ��9� "�� �(��6:�  
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 �� ��&S � :��3 �(&� �� ( 5� !� �� ��,	� �1,(�� �&M� d&�$� ���� �	��  � ��� ��	��� �	2 �� �73�	�

� 	+ ��%	02 ��:� d	=1�( q�
 02 .	U1�(	� .��0� I�� �� 	+ ��%	 �&�
_&��2 �( ��&S � PFPSP  I�	�1
(

 � 	+ �����P� F� P� �(�� �	'KD( "12	� �� �	O ��� ��	��� ��;�� �D � �� 5��� ��PFPSP  	� 5�,	�

� .5��� ���6� ( d	=1�( 5��(&1� ���� �	�� "12	� �&S �"� � �� ���; �0� I�� �� 5��(&� ��.5�  

 ��_	� �7�	�( 	� ��	B
	=� ����+ 	� ( ��16� �	+ F; I( ��(&� �� �U���� �	+ H� ���3( ��� ��(( �  � "�(

	� �9�	U� ��� ��	��� >�(�, :�
( ��	+ ���� �((� �B�(�� ��9�
 ��������	��� K�	� �	+ ����� ��0O( 

��0$O V�' �@ � �� ��� ��	�&8 �$�P� �	:�(  .�(� �&M� �(��6:� ��(�* � 	-	U� ��-�' ]&!* � ��	+

�� �	�� '  I�� �� I�� �&S �� ( ��#9� ���	6�7�8 H� I�K' �� .��19+ ��(	� �	+ 51�&E%( ����	�� I��

���	�� �2( �	+ ��B+( �( I�	�1
( 	� q�
 .��� �� F;  F��P� ���:� � �
	�, H� �
�� �� ��� W=� �

��8.�&, �� �1*(  

5-1 �����  �!  

 ���� I�(��( /� H� ���;�� "�( �  d	=1�( ^�+ 	� �UD	�� ��� �� ( �_&!P� ���#9� .��� �� F; ( 	B�(

.&!P� �+ �(�� �U$�� ��� "��16� .�+� �� j�!=�  
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 F�,3��B+( :  

 j�!=� ��&, �� F; �	:� &%	
 /� >
&� ��	
( �� 	B�( I�(��( "��0� ���3( � ( ��h1� "���M �_&!P� 

��, �� �=
 ?M&� � �12�3 �4� ��B+( �( 	� �� "�( �( .�&, �� ��#9�  j�!=� ��#9� F; �(�� ��Br�

�4� �&, �� I�	�1
( <�1=� FG	9� � �	2	71�( "�( .5��� �� I�	�1
(!=� ��� ��	��� �	B�( ���� I�(��( :� j�

FG	9� � ��%&� ���� �	�� �  �1�	�%( � 	��(�2 �� 
&+ �q�(( (&��
 ���%&� )�P$
 ���2015.(  

5-1-1 .�/0'
 ��)1� � 2�
�0�
  

 �� ' F; I( /� �� ���
 �(�� �%(&� /� � 5� !� �	+ ��h1� ��Br� 	� ��B+( "�( .��� �� 	� � � �0%	$

 ��h1� � 5��(��8 �� �U$�� ��� �+ � �_&!P� j�!=� �
�� �� (�1�( 	� �	� � I�, �12�3 �4�� 	� ��h1� 

.�&, �� I�	�1
( .&!P� �17�� j�!=� PFPSP  �	+��h1� �'& :� �� ���
 �	�� 	� ���(�2 � I�, F; (��:�

d&�$�  	+ 51�&E%( ��	7� &D �� .�&, �� (��� �	+ ��h1� ��Br� �(�� /� � .��&, �� I�	�1
( .	1�(�2 

���%&� ��;�� �	�	8 � .��&, �� I�	�1
( ��9� "��� l�� (�U� 	� �	+ ��h1� ��(��� I&�, E1�( F; I( .(�

q�
 ��&, �� �12�� �4� � ��	�� I�� �(�� _& 0� �	�� ��	��� �&, �� �12�3 �4� � V�� ��;�� � ����  
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5-2 	��� ���   �!  

  ��%&� �	+ ��h1�PFPSP  �.&!P� o&� I���� <��0�  I�	�1
( �&� ��9� � (�U�

�(�� ��� "�( �( .�
( �_&!P� � FU� � F ; ��;�� �D �  �'& :� � I�, <��0� 	+ ��h1� ���	U� ���� ��	���

 �(�� 	+ 	� �( �( � o��, �	�� ��Br� �( F�71� ���� �	�� ��#9� .�&, �� �12�3 �4� � ���� �	�� ��;��

.���3 �� �4� � ( e	B$�( V�' �	+ �����P� � �
	+	� "�( �	�	8 �19�	� � �9�� �	:� �1
� W�8 	M "�( � 

"�( q�
 .��	� W+	� �	�� I�� .&D ���� �	�� ��#9� ��� �	�� ��#9� �� V&
&� �	3�	
	� �	+ 	� 	� �

<��0� ��	
 ^	�, �(�� .	r� /� .�&� �+(&*  ��(� �	7� �  F; I( /� .�&, �� I�	�1
( 	+ �����P�

 �( d(PFSPS  .��M �3  .��M �( <�� "�%�( � .�
( I�, I�(� �	7�3 ��h1� � �� �+� �� �	7� 

 .&!P�2  ��9� >
&�1 ( I�, I�(� .	U1�( �
 I�� � ��9� � .&!P� "�( F� �	�� � �
1 4  I�&� �'	


 .�
(SPIJ	� �(&� �� (  `	0� ^(�3 I�� �+ �(��T ��� F;  ��h1� 	� �J	�1� Y( �+ �@ � ��

  	� ���	U� 	� ?
	�1� 	+ ��9� "�( � �&, �� �	:�( 	+ 	� �( ��M /� �(�� .	� �+ � �,	� ��r 

�  .��19+  ��h1� ��(&� "�( "12�3 �4� � 	�  	� �J	�1��  �( ��� �	+ <��.�(� �&M� `	0� ^(�3

 .��M3 �
( ��	7� �	�� ' �((�  

 F�,4  �	+ ��9� .�+� �� �	7� ( 	+ ��9� "�� �	s� � `	0�1  �2 �((�  "�( �( � ��19+ \�17� �(��6:�

.���� � � F ' �	�� 5+ &D �� ��  �	+ ��9� �(�� ��( "� +6  �9 � .�
( e�	S ���  ^(�3G�  F�	, Y&G

 F�, � I�, �	:�( �	-	0� F�	, 	+ .	� � 	+ 	�4 ��, �1�3 KBO �� &D �	 + .��19+ SPIJ �( F�71�  �	��

�� �
( �(��6:� /� 	� 	+ 	� ��M I���� "� s� � I�&� 	� �+ �(�� �	�	8 � o��, �	+ ?M&�  ��, FO(�;

.�&, �� F� �(�M( �	��  

 .��M3:  F; I(PFPSP I�, CKS(  

Y&G/	�  	+ ��h1�  ���	U�  	+ ��9�  
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 F�,5:  F�, �( I�, t(�=1
( `	0� ^(�34  

  

 F�,4`	0� �	+ ��9� :  
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 SPIJ  I�, ��(( ]&!* "�( � T�	�� � 	+ F; I( �( �	�9� � �9�� ���M ��#9� /� 	� ���� �	�� ��4� ��(

	3�	
	� �	+ Fh,  ���E��� � "9�	M ���� �	� )1994�%�	� )�2(&� ^(�3 	� 	+ 	� ���� �	�� �(2012 ��� � (

� ��	
 f�  �(	� + � ����	� ��4� ��BO �	+ 	� .��h, ���� �	��1994  �� ��( I�(� �	7�SPIJ  "���� �

��,	� �� �	+ �8 �( �&S �� ���h�.  

5-2-1  .�/0'
SPIJ  

 �?
	�� �	+ F; I( "12	� &4�� �� j��; �2�	!� �&M � �9M H� /� H� "�( .�, ��	
 I�	�8  /�

F; �(�� 	� "�%�( �(�� � �
( �(��� 51�&�%(  �&S �� q�
 � �
( I�, ��(( �'& :� W,&8 ��#9�GRASP 

� j��; �*	
 :�
( ��*�� �� �( F�71� � I�, <��0� .��P� �&M � �9M �  � �*	
 ��;�� �( (��� �+

�	+ Fh, �51�&E%( ��	
 � I��� t(�=1
( ( ��� ��	��� �	2 �( I�, t(�=1
(  F; I( /� . �&, � � ���� �	��

 �(�� j��;SPIJ Fh, /� (�1�( � :�
( ��� �&S �� �J �( �1
�62 �( �2�	!� �&S ��  d	=1�( ����	� �S	�'

/� q�
 .�&, �� �	+ 	� � + ���� �	�� 	� .�&, �� d	=1�( Fh, �(�� "��	8 o��, �	��  ��P� �&M � �9M

�%�	B� � .�&, �� �2	� j��; �	
 � �*	
 �	2 � ��h, ?����  

�	���M  �� Q&���GRASP  T�#9� �(��SPIJ�9M ��� � � <��P� �&M � T�	�� �  ���( � Y&#�	� �����2015 

 .�
( I�, �2	�GRASP �(�� ��&* R�	1� ��%&� � I�, �12�3 �4� � �3�	
 Y	
( �� 	M "�( � �	0%	$�  

)Binato, Hery, Loewenstern, and Resende (2000), Rocha, Ravetti, Mateus, and 

Pardalos (2008) and Rajkumar, Asokan, Anilkumar, and Page (2011).(  	� .�&, �� I���

��4� �&, �� ��	��( �	2	71�( ��	
 �.	; "�( �j��; ��B+( � (��� ��P� �&M � �9M .���1�u 51�&E%(  

5-3 	��� ���  � 	��� ������ 3�� 4����
  

  � ��	
 	B�(PFPSP � .�
( ����+ �8 	�9� ���=� � ��*	� ����� �	+ ��	�	8 	� � ��	�	8 � �17� 1;� 

���� �	�� �( FBO �@ ���=� �� �:�� ��(&� �� &�(�8( �(�� :�&, � ��M  ���(�2 � 	� � ��$0� ��(�� � ��	�	8

W+	� �� �B�(�� ��9�
 ����� �
�� �� ��%�( �	0%	$� ��� ;�%( �;�� �� ��( �1*(��8 ���� �	�� �&*�	�  I(

����+ F�%� �� ( ���0- �� ' �	+ F; `	0� ��#9� ��, F; 	� .�+� �� �	7� _	� 	B�(  ���0� �	+ I�� �

��2�J �&*�	� �	'KD(  ��O� d	=1�( 	� ?
	�1� ��#9� ���� I�(��( ��#9� �� �&, FS	; �	�� D( 	� �
( 56�
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( �'& :� ���3 5� !� C&$
 � 	+ I�(� �E1
&�8 �( �	�� D( ?M&� "�( .�,	� I�, ��� ��	��� �	+ (��( �( �

�
�� �� 	� W=� "�(� .�&, �� (�1�( � : .5�(���8 �� Q	B�( "�( �(�O�� �	+ I&�,  ��2�J W+	� ^	71�(

�� ��1B� �� �� /� � �&, �� �12��3 �4� � ��9� �(�; �	+ �1
�.�&, �� ��(( �r  

5-3-1 ���� 2�!�5 6#�' .�/0'
  

PFPSP  ^�+ .��	� �� �O	� .	02 I�� /� � �� �
( ��	�� ��9� �+ 	� >B��� �	+ �����P� � �&�O �((�

��	
 ���P� �(�� 	+ �����P� �( �( �'& :� ���� �(� ��S(  ��	��� ��	�� "�( W+	� 	� .�
( 	+ 	� �	��

�(�� ��� 	=1�( �� �	:�( ��� �&S �� �����P� "�( .���3 �� �&S 	-	U� � �-�' 	� ��	$� ���� �	+ 	� d

 �� ���� `�2 :�&,N  �	�� �( �� ��_&D �@ F� �� �	�� �� �,	� ��	+ 	� F� �(�0�T  � �,	�

�E�	��  	� 	� �	�� 5+ �� �,	� ��	+ 	� �(�0�J  � �&, �� V	:�(�� ��� .&D I��+� �	7� �	J�,	�  

  

)�	+ �����P�1�(�0� "12�3 �4� � 	� 	� �	�� ��� ��, ���P� ?M&� ( ��( .�&, �� 	+ `	0�  	�i �((�

 �( �17�� `	0�j ^�,	� � I�� 5 ���	� .�
( �� I	�&� ��0� (���  ^	71�(RCH�(�� �  (��� �( �1�	g �(�01��

 	� ��	$� 	+ (��� �(�0� �� ��&S � .�9�� ��L8 �	��( ���� �	�� �@ � �� �&, �� I�	�1
( I�� �+ � 	+

��,	� ���� �	�� vU� (��� I� �I��( �
�� �:�1� ���D �( .�&, �� I�(� .	U1�( �0� I�� �� I�� ��2�J � /

 ����� "�� ( ��(�� ��� �� ��(( ���� ' � 	+ � F; I(  

5-3-2 �r�(�; �1
� �����  

 � ��O� &D �� �@ �	+ ��h1� � ��#9� "�( .�(� ^(�3 /� � 	+ ^(�3 ��� "12	� ��#9� �� I	,( �1
� ��#9�

��	
 ���6� � I�, �0%	$� ��&���	� V&�' 	$� "�( � .�
( �12�3 �&S �0O(� �	��� FG	9� �( �	�9� �% �0

 �(�� �� ' F; I( ��%&� F�69� �(�� �r�(�; �1
� ��#9�PFPSP  ��B+( �( �0%	$� "�( � .���3 �� �&S

�1
� W+	� I�, �1*	�, .�
( I�, I�	�1
( )T�	�� �� ���(&� �� 	 ,Dijkhuizen and Faigle (1993), 

Ji and 

Mitchell (2007), Mndez-Daz and Zabala (2008), Boland, Bley, 

Fricke, Froyland, and Sotirov (2011), .���� �0M(��  



15 

 

  �� ( �1
� "�( �� Q&��� �����P� /� .�,	� �12��� (�O ��_	� �1
� /� � �� �
( �( �1
� �r�(�; �1
�

��&U� �(�� ��%&� ��� ��	��� ��;�� �(� �(&� .&��2 ���� �	�� �(�� &M � �9M F�69� � .��� 	0� ^(�3 `

 Y&G 	� �r�(�; �1
� /� :��(� �&M� �r�(�; �1
� �
 �@ � �� ����E� �4� � (A-B  �	M ��F-D  ��(� (�O

 	� �1
� /� �C-F-E �� ���� �M&� .�(� (�O  ��%&� �	+ ��h1� I��+� �	7� Y&G  �  � I�&�

	� 	+ ��h1� "�( (�U� �	��  ��9� �( I�	�1
(R P� .	U1�( �(�� .&!P .�
( �J	�1�  

o& :� ��(�2 �	�� /� � �r�(�; �1
�  ��	,&8 5+ 	� �1
� /� � ��	6� � ��%�( ��	�� .&D �( W�� ��(&� � �

���� �	�� ��#9� F; �( �0� � �,	� �&S � �  �12�3 �4� � �1
� W+	� �r�(�; ����� �	�� ��&� �� ' ��Z

�3 (�O Y&G � �19�	� �� �&, �� .&��2 � � ��PFPSP �(�� 	+ H� �( �*�� .�&, �12�3 �4� �  �1
�

 N
	��� � ���� >
&� �r��; �	+1973 q��1
 �2004�  �,	�	� � 	�	�	� �	1���(2006  �� .�
( I�, ��((

� f�����8 �	+ ��B+( �( �*�� F�%� "� +  "�( � .�&, �� �12�3 �4� � &E%( ���� ' �&B6� �(�� &E%( �	1*�

 ���h� �%	U��(�� Nb�
	��� ���� 51�&E%( .���3 �� �&S �1
� �	:�( � �	���M � 51�&�%( �&� � �	'KD( 

.��(� �&M� �
&�8 � ��	
 I�	�8 �&�  

5-4��
�� ����� ������  

 � ��� �� /���� 5+ �( ( ���� �	�� � ��� ��	��� FG	9� ����� "�( ��, �1�3 _	� � �� &D �	 + B,�� � 

�&, �� I�	�1
( e&2 H� � ��_	� �(�� �� ��	� �
� �(�� ��%�( �	+ H� I�(� �	7� �(�� ���  

1: procedure HIERARCHICAL APPROACH(N) . 

2: t ¼ 1 . period counter 

3: repeat 

4: RelaxedSolutionPFPSP(t) . Solve relaxed 

PFPSP 

5: if CheckAllocationProductðtÞ ¼ true then . If 

all the variables f s pt are integer for period t 

6: SPIJHeuristic(t) . GRASP Heuristic 

7: if SPIJFeasibleðtÞ ¼ true then . all tasks are 
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scheduled and respect the time period t 

8: t ¼ t þ 1 . If SPIJ is feasible to t, starts 

search for feasibility to period t þ 1 

9: else 

10: if CapacityViolationðtÞ ¼ False then . if 

capacity violation is found 

11: Backlogging(t) . Transfers supply and 

demand for the next period 

12: t ¼ t þ 1 

13: else 

14: AddCapacityViolation(t) . add 

constraints associated with capacity 

15: end if 

16: end if 

17: else 

18: Relax-And-FixHeuristic(t) . Relax-and-Fix 

to ensure the integrality of the variables f s pt 

19: end if 

20: until t > TotPeriod 

21: return Solution 

22: end procedure  

  

 �� �B, "�( �( >* "��	6� � ��� ��	��� ��#9� PFPSP  �� "�( �( .�&, �� F;PFPSP ��	
@ ��  ��

��� ��	��� Y	
( �:�
 �	��( .�&, �� F; �$* �9�&� ��	��� � PFPSP �  "�( .�
( I�, "� s� I�� �+

 I�� o��, �( FBO �:�
 �	��(T+1 .�&, �� �12�3 �4� � ���  

 O� �� �1PFPSP ��, F; I�, CKS( j�!=� 	�@ �� ��� �� /� 51�&E%( "�(  	+ ��h1� � + 	� �_&!P�

 ��	�� I�� Y	
( �� ��(&� ��T �3( .��* 	� �,	� �,	� �Br� (�U� "�(  >* � 	+ 	� �(�� �	�	8 � o��, �	��

��&S "�( ��Z � ��&, �� "��0� 57, �	+ ��h1� + .&!P� j�!=� I�	�1
( j�!=� �	+ ��h1� ��	
 	� I(� 
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 �	+ ��h1� ��&� .(�E1�( ���3( .��&, ������ �	�� �  ��&, �� F; I�� /� �PFPSP �( _& 0�  "�%�(

H�  j�!=� �(�� "� � F; I( /� �� ��	� �� ��(�( ��	�� 	� F;(�� "�( .�&, �� F; "� � ��Z I�� 	�

�&, I�	�1
( �_&!P�  

�(�M( �( �0�  �	�� I�� �� �M&� 	� 	+ 	� � + �� �
( 56� ��#9� "�(���	� ����� �	�� ��#9� �(�� ^	71�(

���� �q�
 .�&, �� F; I�� "�( ��,	� �Br� (�U� "�( �� ��&S � .�&, "��0�  o��, ��0� I�� F; I(

 ��02 I�� ��0� �&, ��T  >* 	�1 .��	� �� W�(�2(  

 (�, ����� �	�� ^	71�( �� �$�  �����P� 	� �&, �� HK� <1
( I���� (��8 �
� "� � F; I( /� ��

.�&, �	:�( "� � ���� �	�� � ���M �	+ ��9� ��	
 .	02 �� / � �(�� ��	+  vU� �����P� �� ��&S �

��&7� �12	� ��2�J � � 	+ 	-	U� �	+ �-�' .��	� � � �O	� �	� I�� "�( �(�� I�� "�( �(�� ��	�� I�� d&�	

 F; H� � I��
 �	�	8 �� �B�(�� ��9�
 F; I( ����� ����, <7� 	+ I�� � + �� �1O� .��&, � � F;

�&, �� <�S&� �B�(�� ��9�
 ����� ��	��( �(�� ��	B
	P� N�	1� ���0� W=�� .��( �� �
��  

6- �����7� (�/��� 8  

Y	
( �� �	7�	��@ ��#9� � �0O(� .&!P� �	��M  "��� \�� �� �
( I�, V	:�( F���� "+( /�9�	� ��	�	8

	+ �@ ���� &D �� .�
( 	+ ��9� � �_&!P� �	+ I�� �(�0� F�	, ��S( �	+ �1�(	8 .�
( 	��� ��	�	8  �� ��+

.���� �� 	� �1'	
 I��(�m I�� Im 	6� 	� � �1�+  .��M4 � ( ��S( �	+ �1�(	8 �	+ �1�(	8 �+� �� �	7

  �  �&�
_&��2 �( ��	+ W=�PFPSP ��( I�7+�(� �	7� �
&�8 � � ��19+  

� �"+( f�9�	� ��	�	8 	-	U� �	+ I�3 	+ �17� 	+ �@ � �� ��19+ ��(&� F�	,  .���� �� ���3 	� ( 	+_	�

	-	U� I�3 �
 ��	7�	��( �(��  �17� �� :�&, �� �12�3 �4� � ��� �1  ��� � �17� /� �2 I�3 "��� 5+ .

�@ � �� �
( �D	U��E�	�� 	-	U� �	+  �(�� .��19+ 	+ ���� �� Q&��� Q	U� "�( .���� �� �%	* ( 	+ 	� 	+ "3(�

 �W�	��(5 ���� .�2	� <�1=� �	+ I�� � �(&� �� ( <�1=� ���	U� � �_&!P� �519�
 "�( � .���, I�	�1
(  

 &%�(��� ��	�	8 f� � ��  	� ��(�� 	-	U� T2 V�' � ��M �� "�( �( �
( 	-	O( T2  �( W�� �� �,	� ��

V�' � ��M �	+ ���
( �	�� � �1; .�,	� �� �-�' T2  ���
( �]	* �&� /� � .�&, �� ���3 F�9�(����
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2  	� ��	$� ��&%�( �� "�( �( ��(��( �� I( ( ��17�� �	+ �17��	+ �17�  ��	7�	��( � .�
( ���
( "�(

����+  � �_&!P� �%�	B� �%&8 H�( .�
( �	9�� ��M �+ �(��  "+( �S� Y	
( �� "+( f�9�	� �;(�

�
( .&!P� �  

 .��M4��& � ��%&� �(�� I�	�1
( �&� �	+ I�(� :  

�1�(	8  <�S&�  

	B�(   FP� 	� �;	9�  �((� 	B�( �+ .�&, �� 5�9U� 	B�( 	6� �� 	B�(10  �� �
( 	B�( ���

 I��*m �� �	O /� �+100000  	B�( 	6� ��� &D �� .��19+ /�9�	� "�

40000000 "�  

F�&P�  �&, �� �L3 	� ���
( � �	�� 5+ &D �� �17� �� :���
( ��  

�(��6:�  K� 	6� � ���� N�8 ���	�	8 � .�E�� ��1
( �7+ � ��1
( �
 �� �50 �1�&���  �%	U� (&�

��� �� I�	�1
( �%	U� (&� �( W=� ��� 	� /� �( ��9� �+ �(� �&M�  

  2  

  10�(�� �%&8 �;(� I� ) �+ (���
(  

  �%&8 �;(� I�  

 ��� .&��2 Y	
( ��   

  Y	
( ��  :��� .&��20.01  ��9� .&D� d�-r  

  

 �( ��_	� �S� .�&, �� �12�� �4� � ����� 	� �&S �� f�9�	�  	+ ����+ ��%&� �(�� �� "�( �(  �19�	�

	� �@ W�(�2( �� �2�3 �4� � "+@ �S� ��	�� �1�(	8 ��	6� � .��	� �� W�(�2(   "�( � �&, �� �B
	P�

���D �( 	-	U� � �-�' ]&!* � .�
( �1� ?9M �� ��9� .&D �0O(� �	+ I�(� Y	
( �� ���	U� �I�� "�( � 

��� �� ������ ( ��� ��	�	8 �� �
( ���, �( I��( �
�� �	,(�3 �( I�, t(�=1
(  

6-1 �# ���)�  

 2�3 �4� � �	7�	��( � �(&� "�( � �'& :� �
 �_&!P� (�U� � �� � ��'& :� "�%�( �(�� .�&, �� �1

 	-	U� �( W�� I�, �-�' �_&!P� (�U� �V�� �'& :� �(�� .�
( �
(&*� �&� �	-	U� 	� ��(�� I�, �-�'

(�U� �V��
 �&� �(�� .�
(  "12�3 �4� � 	� �(&� "�( ��'& :� �
 �( /� �+ �(�� .�
( 	-	U� �( �� 5� �-�'
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�3k�� :�&, �� �12�3 �4� � ��� �	+  ��2�J 	� ��%�( � �%	* �	+ 	B�(30  (�U� 	� ��(�� �_&!P� �� ��S�

 �1�(	8 Y	
( �� .�	B� ����+ .�&, �� �12�3 �4� � �&S "�( � ��� 	+ ��& � � I�&� 	-	U� .�
(  

 <�S&� �	7�	��( �(�� I�,  "�� �(��6:� ��2�J8000  �12000 �� "�  � �'	
110 � ��9�  �4� � ��	�	8

Y	
( �� ���	U� "�( �&, �� �12�3  �+ �	�� ��� W=� "�( � �	7�	��( � + �(�� .�
( ��	�	8 ��02 �	+ I�(�

 I��12  �( �19+ W, I���(��8 	� � ��&���	� 	� �	7�	��( .�
( �'	
Intel(R) Core(TM) i7 980  �24 

f�3 �(�� .���, V	:�( �42	; ��(&� � + /�  ��	B
	P� ��	�� I���P�3 	1
( "�( � .�, �12�3 �4� � �'	
- 

 �(�� &%	
 �@ � �� �
( ��(&� I��'� �	7�PFSPS .�&, �� �12�� �4� � �2	� �42	; 	�  �.�( �	+ �&1


V&
 � V��  .�(�M5  �6  �&� .	r� �(�� .�
( 	+ ��& � V	� � o&� ��(�0� F�	,8P5Prod 	� �J	�1�  ��	��� �2(

 �&1
 .�,	� �� ��	�1� .&!P� N�8 � �( I�� �7+ ���  �� ��(( �$* �;(�1
( 	� ( "��	8 �(�� /�

 �	+ �&1
 .���  �  �&1
 .��� �� ��(( H�� � �*	, 5��&E%( 	� ( "��	8 � _	� �	+ �(��GAP /� 

 	�( ��S	2 � w3 � ]&!* � .��� �� ��(( �&1
 ��B�(�� ��9�
 �	+ H

 �	+  ��  �	+ �&1
 .��� �� ��(( �B�(�� ��9�
 F; I( �(�� ( ��_	� �(��  �  FS(&2

:���� �� ��(( ( ���  � ���	6� � . 

 �  (�U� �� ��	� �
� �(�� ��	B
	P� �	���  .�
(  

  .��M � I�, I�(� �	7� R�	1�5 F; �� �+� �� �	7� PFPSP  �( .�
( "� � ��Z ��	
 ���6� �	+ �19� �

18���(�( � .�
	+ �@ �( � �� �(�� 	6�� F; I( ��%&� �� �	O&%	
 �  ����2( �	��( ��
( �2	�	� �42	; �&�

 � + �(�� ��	+ F; I( �� �(&� �� ��B�(�� ��9�
 ����� � �2	71�( 51�&�%(( Y	
(�� .�(�� �&M� _	� �(��

& � ���� �	+ ��B+( ]&!* � .��,	� I�� "�( �	�� ��� Y	
( �� �19�	� 	+ 	-	U� � �-�' � + � ��
 	+ ��

"�� �	'KD( �16� .�	B� �( �	�� D( �(�� I�	�1
(  �� �	7� ( �6�	7� N�	1� ����� �� ����3 5� !� R$
 ��

.�+�  

 �	�1
(��=
 �	+ ��& � "12�3 �4� � �	�� � .	; "�( 	� �&
 �� ��	� �
� �	��( �r�(�; �	+ �1
� �( I

 �	+ ��& � � .�+� �� ��_	� �(�� �&S �� ( �17��13 �14 �16  �18 .���&� �g&� 	+ �1
� �( I�	�1
( �GAP 
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 .��M �.�
( �� /�&� 	�9�6  �8� (�U� �� "�( `�2 	� N�	1� ��
( 	-	U� �( W�� I��( �
�� .&!P �$� d&

.�
(  

 .��M5  

  

 .��M6 :110  �( ��h1� ��2�J :��9�8000  	�120000 �-�' 	� ��(�� 	-	U� �"�  

  

 .��M � I�, I�(� �	7� �	7�	��@ �7 "�( �( � .�&� V�_ �17�� �	+ ��9� � �_&!P� ���h� � �	� �
� �

�19� �� �(�� F; I( "��16� "12	� �� �	O ��	
 ���6� �B
	P� �1; �&B� �(&� /� /� �( "��	8 �(�� �	�
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�� "�( �( � �&B� ��L8  �12	� N�	1� 	� ��	7� .�(� �	7� ����	8 ���� ' ��	�� �
 � �42	; "1,(�� F�%� �� �%�	0�

 .��M � I�,6�(� �&M� �(&� � + � 	+ F; I( �� ��	� �
� �	��( �B�(�� ��9�
 ����� 	� � ��B+(  �1
�

�	2 ��&U� �(�� �r�(�; �	+ �(� �	7� ( ��16� ���� ' ��%&�  � .�, I��� o&-&� "�( �*( ��& � I��(�� � �

�	7�	��( � ���	6�  .��M9 �� �+� �� �	7� 	+ ��& � �( �� /�&� �-�' � �_&!P� �(�0�  �&� ���	U�

�&S "�( � .�
( 	-	U� �&B� � � ��M �_	� 	-	U� T2 V�'  ��	7� �&, �� �	:�(	�  .��M N�	1�7 �CPLEX 

� .�9�� _	� �(�� ��%&� �� �	O  .��M � I�, ��%&� �	7�	��(10� ��9�
 ����� �B�(��  �	7�	��( � + �(��

�%� �, ��(( GAP ���� �	+ ��& � �(�� �&� _	� ��%�( 	B�( � 	+ � ��M �� �&� ��	�� "�( �  �4� � _	� �(�3

+ .���7� �12�3�&B� � �, �1�3 KBO �� &D �	   �	+ ��& � �(�� .�, ��%&� 	-	U� T2 V�' ����M �	B�( 	� _	�

��%�( I��*m (��� �
( ��L8 �	��( "�( .�
( I�, I��(�� 	-	U� ���%�( 	B�( 	�  I�K' �� .�
( I(� + �-�' �&B � 	�

 �e&2 �(&� �(��5 ��& � 43 �44 �45 �50 51 �3 �4� �	+ w3 � + �� �
( I�, �12  �( �� 5�3  .��19+ �S�

�e&2 �:�1� 	� ��	7� �r�	; �	+ �1
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