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− first,  second,  and m−th  level  candidate  supply  nodes

− first,  second,  and  m−th  level  demand  nodes

− transshipment  nodes

− first,  second,  and  m−th  level flows
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� × ì × �!×áê ïk� é+îNæ � â.�+ç 	"� · �ÃNÄ!Ç$½�Ì!¼!Æ!¿�Î*¼!Í�ÇË 	"� · �+Å�½(À ½�Ì!¼!½�Ç¾N½�ÇÍ�Ç�Á
¾�Å�Î*ÉUÆ!¿�Î*¼ßÔÍ�ÇËmÂ
	"� · ��� � · 	�¶� � M  �F· "!"!"!g � N �5�

ËUÅ�É N
� X M

� )�� 2��ZY�� � 7 �) 2 8�± �) 2 S � * Q �) 2  	 ì �*�

��� v	� �
Q �) 2 $�` �  ì d(,+ 	�#�:9;��$��.

� X M � · � � � � � N � 	 ì"� �
ÊNÄ!Å&Á�Ä]ÁÀ4É]¼�Ç+½�Î*Í�Ú*Ç�ÈC¼;Ï À4É]À4Í�Ö*Î*¿�Å�¾�Ä!ËXÊNÅ�¾�ÄC¾�Å�ËUÇ+Á
Î*ËÿÔ
Æ!Í�ÇÜãßÅ�¾�Ï��.	�ô�b ��b �Õ!Î*¿
�.	�ô�b �-b · �ÒÐ�Î*¿$È;ÇÉ!½�ÇCÉ!Ç¾�Ê(Î*¿�Ó;½�×

� × ì × � ×áê ïk� é+îNæ � â.�+ç 	"��!\�
ê;Å�ËUÅ�Í&À4¿�Í�Ï;Õ*¾�Ä!Ç@Æ!¿�Î*¼!Í�ÇË 	"��!\�$Å�½CÀ4Í�½�ÎEÀ@½�Ì!¼!½�Ç¾]½�ÇÜÔ

Í�Ç�Á
¾�Å�Î*ÉEÆ!¿�Î*¼!Í�ÇËmÂ
	"��!\��� ��!*	�¶� � M  �F· "!"!"!g � N �5�

ËUÅ�É N
� X M

)ZY�� - � 7")08�°") ^ � * R )g 	 ì"� �

��� v	� �
R )5$�` �  ì d(,+ #,$�����

� X M � · � � � � � N � 	 ì"� �
½�Î*Í�Ú*À4¼!Í�Ç$¼;ÏEÀ4É#�.	?b �-b �(À4Í�Ö*Î*¿�Å�¾�Ä!Ëm×

� × �!× ï é+é)�+î � æ ï å è�ð æ çaé ï Ã"»+ÃNí�æ å
ÃNÄ!Ç$Î*¼�� Ç�Á
¾�Å�Ú*Ç$Ä!Ç¿�Ç$Å�½+¾�ÎCÆ!¿�Î*Æ�Î*½�Ç À Ä!ÇÌ!¿�Å�½�¾�Å&ÁNÆ!¿�ÎÑÔ

Á
Ç�È;Ì!¿�Ç ¾�Î]Ö*Ç¾ÒÐ�Ç�À4½�Å�¼!Í�Ç$½�Î*Í�Ì!¾�Å�Î*É!½�*Ì!Å&Á�Ó;Í�Ï;×�ÃNÄ!Ç$Æ!¿�Å�É�Á
Å Ô
Æ�À4Í�Á�Ä�À4¿
À*Á
¾�Ç¿�Å�½�¾�Å&Á
½ ÎÑÐ�Ä!ÇÌ!¿�Å�½�¾�Å&Á Æ!¿�Î!Á
Ç�È;Ì!¿�Ç½CÀ4¿�ÇõýÝÇÜãßÅ Ô
¼!Å�Í�Å�¾�Ï@À4É�ÈEÁ
Î*ËUÆ!Ì!¾
À4¾�Å�Î*É�À4Í!½�Å�ËUÆ!Í�Å&Á
Å�¾�Ï;×
ÃNÄ!Ç¿�Ç�À4¿�ÇmËEÀ4É;Ï�Æ�Î*½�½�Å�¼!Å�Í�Å�¾�Å�Ç½UÎÑÐ Á
Î*ËUÆ!Ì!¾�Å�É!Ö�À4É

Ì!Æ!Æ�Ç¿+¼�Î*Ì!É�ÈÞÐ�Î*¿"ËUÎ!È;ÇÍ 	 S �×"ÃNÄ!ÇNËUÇ¾�Ä!Î!È Æ!¿�Î*Æ�Î*½�Ç�È
Ä!Ç¿�ÇU¾
À4Ó*Ç½]À*È;Ú*À4É;¾
À4Ö*Ç]ÎÑÐþ¾�Ä!Ç@Æ!¿�Î*¼!Í�ÇË 	"� M � Î*Æ!¾�Å�ËEÀ4Í½�Î*Í�Ì!¾�Å�Î*É�×�» Á
¾�Ì�À4Í�Í�Ï;Õ4¾�Ä!Å�½"½�Î*Í�Ì!¾�Å�Î*É]ËEÀ�Ï ¼�ÇN¾�Ì!¿�É!Ç�È@Å�É;¾�Î
À Ð�Ç�À4½�Å�¼!Í�ÇE½�Î*Í�Ì!¾�Å�Î*É Ð�Î*¿@ËUÎ!È;ÇÍ�	 S �]Å ÐõÅ�¾@Å�½@ÇÉ!½�Ì!¿�Ç�È
Ð�Ç�À4½�Å�¼!Å�Í�Å�¾�ÏCÎÑÐ ¾�Ä!Ç$Æ!¿�ÇÚ;Å�Î*Ì!½�Í�ÏUÈ;¿�Î*Æ!Æ�Ç�ÈUÁ
Î*É!½�¾�¿
À4Å�É;¾�½�		�*�
À4É�È.	��*�× ï ½�Å�É!ÖN¾�Ä!Ç(½
À4ËUÇ+À4¿
Á
½"Ì!½�Ç�ÈCÅ�ÉC¾�Ä!Ç(Î*Æ!¾�Å�ËEÀ4Í�½�ÎÑÔ
Í�Ì!¾�Å�Î*É]ÎÑÐ Æ!¿�Î*¼!Í�ÇËH	"� M �+À4É�È]Á
Î*ËUÆ!Ì!¾�Å�É!Ö$¾�Ä!Ç$Î4Ú*Ç¿�Ä!Ç�À*ÈÁ
Î*½�¾�½ ! Õ!À4ÉEÌ!Æ!Æ�Ç¿N¼�Î*Ì!É�ÈUÅ�½N¿�Ç�À*Á�Ä!Ç�È�×

� × � × � îN» å ð �Ní�å$ë.-�» îNí�» � â.� ð �$æ$í ð �
í�¾+Å�½+À4É@Å�É!Ö*Í�Î*¿�Å�Î*Ì!½�¾
À4½�Ó]¾�ÎCÁ�Ä!Î;Î*½�Ç$¼!¿
À4É�Á�Ä!Å�É!Ö Ú*À4¿�Å Ô

À4¼!Í�Ç½+¼�Ç�ÁÀ4Ì!½�Ç Å�¾+Å�½(Á
Î*ËUËUÎ*É ¾�Ä�À4¾+Î*É!Ç$½�¾�¿
À4¾�ÇÖ*Ï@Ê(Î*¿�Ó;½
Ú*Ç¿�ÏmÊ(ÇÍ�Í"Å�É�½�Î*ËUÇCÅ�É!½�¾
À4É�Á
Ç½@À4É�ÈaÆ�Î;Î*¿�Í�Ï�Ð�Î*¿ Î*¾�Ä!Ç¿�½�×
ÃNÄ!Ç@Î*¼�� Ç�Á
¾�Å�Ú*Ç]Å�½C¾�ÎEËUÅ�É!Å�Ë@Å�ØÇ ¾�Ä!Ç@É;Ì!Ë@¼�Ç¿$ÎÑÐþÉ!Î!È;Ç½
Ú;Å�½�Å�¾�Ç�ÈaÅ�Ém¾�Ä!Ç@¼!¿
À4É�Á�ÄßÔàÀ4É�ÈªÔÙ¼�Î*Ì!É�Èa¾�¿�ÇÇ*×N®�Ç@È;Ç�Á
Å&È;Ç�È
Å�ÉõÐÙÀ�Ú*Î*¿�ÎÑÐß½�Å�ËUÆ!Í�Å&Á
Å�¾�Ï;×!ÃNÄ!Ç+¼!¿
À4É�Á�Ä!Å�É!ÖNÚ*À4¿�Å&À4¼!Í�Ç�ÊNÅ�Í�Í4¼�Ç
¾�Ä�À4¾$Î*É!ÇõÐ�Î*¿$ÊNÄ!Å&Á�ÄEÎ*É!ÇCÖ*Ç¾$¾�Ä!ÇCËEÀ©ãßÅ�Ë@Ì!Ë�ÇÜãßÆ�Ç�Á
¾�Ç�È
Å�É�Á
¿�ÇËUÇÉ;¾CÅ�Ém¾�Ä!Ç@Í�Î4Ê(Ç¿C¼�Î*Ì!É�È�×Eê;Î�Õ Ð�¿�Î*Ë �)��×5	 ì"� �Õ
¾�Ä!Ç ¼!¿
À4É�Á�Ä!Å�É!Ö@Ú*À4¿�Å&À4¼!Í�Ç$ÊNÅ�Í�Í�¼�Ç*Â

/ R10  Å Ð�ËEÀ©ã325476��|ËEÀ©ã8259 -: ; Õ
Q �) 2 RÎ*¾�Ä!Ç¿�ÊNÅ�½�Ç*Õ

ÊNÄ!Ç¿�Ç

25476��=<<<<<<
° 0 BC 

2 Y	� ; � 0 � / �0 2 � 8 
2 Y	� ? � 0 � / �2 0 � 8 ^ � R10 � EG <<<<<<



Å Ð ¾�Ä!Ç|È;Ç�Á
Å�½�Å�Î*É�Ú*À4¿�Å&À4¼!Í�Ç R10 Å�½�Ð�¿�ÇÇ|Å�ÉX¾�Ä!Ç|Á
Ì!¿�¿�ÇÉ;¾¼!¿
À4É�Á�ÄßÔàÀ4É�ÈªÔÙ¼�Î*Ì!É�È�¾�¿�ÇÇEÉ!Î!È;ÇEÀ4É�È$25476�� � Õ"Î*¾�Ä!Ç¿àÔ
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Å ÐÞ¾�Ä!Ç�È;Ç�Á
Å�½�Å�Î*ÉIÚ*À4¿�Å&À4¼!Í�Ç Q �) 2 Å�½�Ð�¿�ÇÇ�Å�ÉX¾�Ä!Ç�Á
Ì!¿�¿�ÇÉ;¾¼!¿
À4É�Á�ÄßÔàÀ4É�ÈªÔÙ¼�Î*Ì!É�Èm¾�¿�ÇÇUÉ!Î!È;ÇUÀ4É�È�259 -: ; � � Õ�Î*¾�Ä!Ç¿àÔ
ÊNÅ�½�Ç*×>-(À4Í�Ì!Ç½?25476CÀ4É�È#259 -: ; À4¿�ÇCÁ
Î*ËUÆ!Ì!¾�Ç�ÈUÌ!½�Å�É!Ö]¾�Ä!Ç
Í&À4¾�Ç½�¾CÚ*Ç�Á
¾�Î*¿�½ ³��*Õ�´��*Õ�µ��*Õ�¶(Õ � M4Õ � · Õ4!"!"!"Õ"À4É�È � NÎ*¼!¾
À4Å�É!Ç�È�×
ÃNÄ!Ç ËUÇ¾�Ä!Î!ÈUÀ4¼�Î4Ú*Ç$½�ÇÇËU½N¾�Î]¼�Ç]ÀCËUÎ*¿�Ç$ÇCB Ç�Á
¾�Å�Ú*Ç

¼!¿
À4É�Á�Ä!Å�É!ÖE½�¾�¿
À4¾�ÇÖ*Ïm¾�Ä�À4Ém½�Å�ËUÆ!Í�ÏU¾�ÎaÁ�Ä!Î;Î*½�Ç]¾�Ä!Ç ÛÝ¿�½�¾
Ð�¿�ÇÇ Ú*À4¿�Å&À4¼!Í�ÇNÇÉ�Á
Î*Ì!É;¾�Ç¿�Ç�ÈaÀ4É�È@Å�½NÀ4É#�.	�ô�b ��b �+Æ!¿�Î!Á
ÇÜÔ
È;Ì!¿�Ç.	�Î*¿?�.	�ô�b �-b · �(Å�ÉaÈ;ÇÉ!½�ÇCÉ!Ç¾�Ê(Î*¿�Ó;½g�×

��× ê ï çaçE» î&m » å è�ð æ å ð â ï ê;í�æ å$ê
ÃNÄ!ÇmË@Ì!Í�¾�Å ÔÙÍ�ÇÚ*ÇÍ(É!Ç¾�Ê(Î*¿�Ó|Î*Æ!¾�Å�ËUÅ�Ø�À4¾�Å�Î*É�Æ!¿�Î*¼!Í�ÇË

Å�É;¾�ÇÖ*¿
À4¾�Å�É!Ö$Í�Î!ÁÀ4¾�Å�Î*É�Õ4¾�Î*Æ�Î*Í�Î*Ö*Å&ÁÀ4Í!È;Ç½�Å�Ö*É�Õ*À4É�È]È;Å�ËUÇÉßÔ
½�Å�Î*É!Å�É!Ö@Å�Éa¾�Ä!Ç@½
À4ËUÇ ËUÎ!È;ÇÍ�ÊNÀ4½CÈ;ÇÜÛÝÉ!Ç�ÈmÀ4É�ÈEÅ�¾�½ Å�ËÿÔP { ��7�%&�>��
*��7Q
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Æ�Î*¿�¾
À4É�Á
Ç(ÊNÀ4½�È;Å�½
Á
Ì!½�½�Ç�È�×+»�Ì!½�ÇÜÐ�Ì!Í;ËEÀ4¾�Ä!ÇËEÀ4¾�Å&ÁÀ4ÍÆ!¿�ÎÑÔ
Ö*¿
À4ËUËUÅ�É!Ö Ð�Î*¿�Ë@Ì!Í&À4¾�Å�Î*É|ÊNÀ4½mÆ!¿�Î*Æ�Î*½�Ç�È�À4É�ÈX¾�Ä!ÇÉGÀ
¼!¿
À4É�Á�ÄßÔàÀ4É�ÈªÔÙ¼�Î*Ì!É�ÈEÀ4Í�Ö*Î*¿�Å�¾�Ä!Ë�ÊNÀ4½$È;ÇÚ*ÇÍ�Î*Æ�Ç�È�×
ê;Î*ËUÇk�*Ì!Ç½�¾�Å�Î*É!½(¿�ÇËEÀ4Å�É!½"Î*Æ�ÇÉU½�Ì�Á�ÄEÀ4½(Ä!Î4Ê|ÇCB Ç�Á Ô

¾�Å�Ú*ÇC¾�Ä!Ç]¼�Î*Ì!É�È;½CÀ*Á
¾�Ì�À4Í�Í�ÏEÀ4¿�Ç]À4É�ÈEÄ!Î4ÊIÍ&À4¿�Ö*ÇC¾�Ä!Ç]Å�ÉßÔ
½�¾
À4É�Á
Ç½(½�Î*Í�Ú*À4¼!Í�Ç+Å�É@À$¿�Ç�À4½�Î*É�À4¼!Í�ÇNÀ4ËUÎ*Ì!É;¾�ÎÑÐÝ¾�Å�ËUÇ(À4¿�Ç*×
ò!Ì!¾�Ì!¿�Ç(Ê(Î*¿�Ó$ËUÅ�Ö*Ä;¾�Å�É�Á
Í�Ì�È;Ç+¾�Ä!Ç+Å�É;Ú*Ç½�¾�Å�Ö;À4¾�Å�Î*É ÎÑÐß¾�Ä!Ç½�Ç
�*Ì!Ç½�¾�Å�Î*É!½]À4½$Ê(ÇÍ�Í(À4½$¾�Ä!Ç@½�¾�Ì�È;ÏaÎÑÐÒÇÉ!Ä�À4É�Á
Ç�ÈmËUÎ!È;ÇÍ�½
¾�Ä�À4¾(Å�É�Á
Î*¿�Æ�Î*¿
À4¾�Ç Á
Î*É!É!Ç�Á
¾�Å�Ú;Å�¾�ÏUÁ
Î*É!½�¾�¿
À4Å�É;¾�½(ÊNÄ!Å&Á�ÄEÀ4¿�Ç
Ú*Ç¿�ÏEÅ�ËUÆ�Î*¿�¾
À4É;¾+Å�½�½�Ì!Ç½$Å�ÉE¾�Ä!Ç ÇËUÇ¿�Ö*Å�É!Ö]ÇËUÆ!Ä�À4½�Å�½(Î*É
¾�Î*Æ�Î*Í�Î*Ö*Å&ÁÀ4Í�¿�Î*¼!Ì!½�¾�É!Ç½�½CÀ4É�ÈU¿�ÇÍ�Å&À4¼!Å�Í�Å�¾�Ï � ì �!Õ$� � ×

�!×Rîk�+ò��+îk�+å ð �+ê
� ì�� »]× � À4Í&À4Ó;¿�Å�½�Ä!É�À4É�À4É�È ä ×�»$Í�¾�Å�É!Ó*ÇËUÇ¿�× ï ½�Å�É!ÖmÀ
Ä!Î*ÆßÔàÁ
Î*É!½�¾�¿
À4Å�É!Ç�ÈEËUÎ!È;ÇÍ�¾�ÎUÖ*ÇÉ!Ç¿
À4¾�Ç]À4Í�¾�Ç¿�É�À4¾�Å�Ú*Ç
Á
Î*ËUË@Ì!É!Å�ÁÀ4¾�Å�Î*É(É!Ç¾�Ê(Î*¿�ÓCÈ;Ç½�Å�Ö*É�×����Nö���� ~�� ûúA���~ ú	� ~����A� ÷�ù&ú��4Õ ��Â ì"� ��
�� � �!Õ ì"�C� �!×

� � � »]× � À4Í&À4Ó;¿�Å�½�Ä!É�À4É�Õ�ÃC× â+×�çaÀ4Ö*É�À4É;¾�Å�Õ�À4É�Èmé"×�çEÅ�¿àÔ
Á�Ä�À4É�È!À4É!Å�× è Ç½�Å�Ö*É!Å�É!ÖXÄ!Å�Ç¿
À4¿
Á�Ä!Å&ÁÀ4ÍU½�Ì!¿�Ú;Å�Ú*À4¼!Í�Ç
É!Ç¾�Ê(Î*¿�Ó;½�×�®�Î*¿�Ó;Å�É!Ö�é"À4Æ�Ç¿aæ î�� �!ì Ô � ��Õ(ê;Í�Î;À4É
ê!Á�Ä!Î;Î*Í�ÎÑÐñçaÀ4É�À4Ö*ÇËUÇÉ;¾�Õ!çEí�ÃCÕ ì"�C� ��×

� �+� »]× � À4Í&À4Ó;¿�Å�½�Ä!É�À4É�Õ�ÃC× â+×�çaÀ4Ö*É�À4É;¾�Å�Õ�À4É�Èmé"×�çEÅ�¿àÔ
Á�Ä�À4É�È!À4É!Å�×m» È;Ì�À4Í ÔÙ¼�À4½�Ç�È�À4Í�Ö*Î*¿�Å�¾�Ä!Ë Ð�Î*¿]Ë@Ì!Í�¾�Å Ô
Í�ÇÚ*ÇÍ]É!Ç¾�Ê(Î*¿�Ó�È;Ç½�Å�Ö*É�×�^�4úA�"�*ø � øú;÷aö } ù�øú } øÕ� � 	 � �Â �*� � 
�� �!ì Õ ì"�C� ��×

� � � ç�× ê�× � À4Ø�À4¿
À*À!Õ���× ��×��;À4¿�Ú;Å�½�ÕmÀ4É�È �C× è ×@ê;Ä!Ç¿àÔ
À4Í�Å�×>�"ù&ú�øQ�4û ¡ û ~ �4ûQ� � � ù&ú��N�4úA���Cø
÷ �Y~ û��7¤?"+� ~�� ¤×
�*Î*Ä!É ®�Å�Í�ÇÏ�� ê;Î*É!½�ÕNåNÇÊ mÒÎ*¿�Ó�Õ6�4É�È�Ç�È;Å�¾�Å�Î*É�Õ
ì"�C�*� ×

� � � ò(× îC× � × ð ¿�Ì!Ø*Õ���× »]×;»$Í�ËUÇÅ&È!À!Õ*À4É�ÈEë@× îC×;çaÀ4¾�ÇÌ!½�×
»$É��À4Í�Å�½�ÇaÈ;Î�Æ!¿�Î*¼!Í�ÇËEÀ�È;ÇaÆ!Í&À4É!Ç��ÜÀ4ËUÇÉ;¾�Î�È;Çm¿�ÇÜÔ
È;Ç½U¾�ÇÍ�ÇÜÐ��Î*É!Å&ÁÀ4½EÈ;ÇmÀ4Í�Å�ËUÇÉ;¾
À��Á��À4Î�×|í�É�ç�× »]×(ê;Å�Í Ô
Ú*ÇÅ�¿
À�À4É�È|é"× ç�× ë@×+ò!Ç¿�¿�ÇÅ�¿
À!ÕNÇ�È;Å�¾�Î*¿�½�Õ�� úA�4ù�¤^� ~«<¬ ~ � � ~ ú��4û
øQ¤Q¤ ~! ûQ�7¤ù���øù&û ~ �*ø�� � ÷ ~��#"��÷�ù } �4Õ�Ú*Î*Í ÔÌ!ËUÇ ì Õ!Æ�À4Ö*Ç½J� � ��
�� �C� Õ!îNÅ�ÎUÈ;Ç��;À4É!ÇÅ�¿�Î�Õ � ¿
À4ØÅ�Í�Õ
ì"�C� ��×;ê � »]×

� � � ò(× îC× � × ð ¿�Ì!Ø*Õ$��×+çaÀ*Áë ¿�ÇÖ*Î*¿@ê;ËUÅ�¾�Ä�Õ"À4É�È�ë@× îC×
çaÀ4¾�ÇÌ!½�× »[¼!¿
À4É�Á�ÄßÔàÀ4É�ÈªÔÙ¼�Î*Ì!É�È�À4Í�Ö*Î*¿�Å�¾�Ä!Ë ¾�Î
½�Î*Í�Ú*ÇR¾�Ä!Ç Ë@Ì!Í�¾�Å ÔÙÍ�ÇÚ*ÇÍ|É!Ç¾�Ê(Î*¿�ÓVÎ*Æ!¾�Å�ËUÅ�Ø�À4¾�Å�Î*É
Æ!¿�Î*¼!Í�ÇËm×+Ã"Ç�Á�Ä!É!Å&ÁÀ4Í"îNÇÆ�Î*¿�¾ î"Ã �C�*� z � �!Õ è ÇÆ�À4¿àÔ
¾
À4ËUÇÉ;¾�ÎaÈ;Ç ð Å%�ÇÉ�Á
Å&ÀaÈ!À ð Î*ËUÆ!Ì!¾
À��Á��À4Î�Õ ï ò"çaë@Õ
� ÇÍ�Î��NÎ*¿�Å�ØÎ*É;¾�Ç*Õ � ¿
À4ØÅ�Í�Õ ì"�C� �!× 	�Ì!É�È;Ç¿E¿�ÇÚ;Å�ÇÊ
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