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<��/% (10626, 12572, 16488, 18908) (19307, 21253, 23199, 25144) 

M�!= (9747, 12184, 18277, 20714) (17058, 19495, 21932, 24369) 

<!
�' (8421, 10279, 13934, 15791) (16964, 18822, 20680, 22538) 

���� <!J�!��y] (18491, 21132, 25095, 29057) (34340, 36982, 39623, 42265) 

<!�(;#3 (10313, 11787, 13997, 16207) (19154, 20627, 22100, 23574) 

4!:)!
�' (7470, 8764, 10704, 12248) (15232, 16525, 17819, 19112) 

<���);!
 (15985, 18608, 23334, 26872) (29347, 31970, 34593, 37216) 

���T <!J�!��y] (7149, 8170, 9702, 11234) (13277, 14298, 15319, 16341) 

<q�5 (3166, 3957, 5936, 6728) (5541, 6332, 7124, 7915) 

��1L� (2916, 3645, 5468, 6198) (5104, 5833, 6562, 7291) 

<!���5 (4091, 4676, 5553, 6429) (7599, 8183, 8768, 9352) 

<!5L
�% (2222, 2778, 4167, 4722) (3889, 4445, 5000, 5556) 
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<!
�' (589, 719, 975, 1105) (1187, 1317, 1447, 1577) 

���� <!J�!��y] (793, 907, 1077, 1247) (1474, 1587, 1701, 1814) 

<!�(;#3 (721, 825, 979, 1134) (1340, 1443, 1547, 1650) 

4!:)!
�' (522, 613, 749, 857) (1066, 1156, 1247, 1337) 

<���);!
 (610, 698, 829, 960) (1134, 1221, 1309, 1396) 

���T <!J�!��y] (500, 571, 679, 786) (929, 1000, 1072, 1143) 

<q�5 (221, 277, 415, 470) (387, 443, 498, 554) 

��1L� (204, 255, 382, 433) (357, 408, 459, 510) 

<!���5 (286, 327, 388, 450) (531, 572, 613, 654) 

<!5L
�% (155, 194, 291, 330) (272, 311, 350, 388) 

)a1�`5:( W��(��) 4�1� �% <!�(� �% �� �#�0� L'��
 ��=�� ���� 

<!�(� -1 -2 

<��0� (1420, 1721, 2255, 2555) (2976, 3277, 3577, 3878) 

4!:)!
�' (950, 1120, 1427, 1635) (1813, 1983, 2153, 2323) 

<!J�!��y] (970, 1109, 1317, 1525) (1802, 1941, 2080, 2218) 

<���);!
 (839, 976, 1225, 1410) (1540, 1678, 1816, 1953) 

<!(��3 (927, 1059, 1258, 1457) (1722, 1854, 1986, 2119) 

<!0K8� (873, 1003, 1198, 1383) (1653, 1783, 1913, 2043) 

<!
�' (558, 685, 950, 1077) (1094, 1221, 1348, 1474) 

M�!= (395, 493, 740, 839) (691, 790, 888, 987) 

<!�(;#3 (541, 618, 734, 850) (1005, 1082, 1160, 1237) 

)a1�`6:( 	7�L%(a!��) ��5#��' M!(� �� ��s�
 "!% 

	7�L%6�;#� "!% 
 

	7�L%�!3 �T1� "!%  

<���9�!�=] (1187, 1250, 1312, 
 

<���9�!�=] (34024, 34718, 35413, 
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1375) 35760) 

&#)!' 
(1235, 1300, 1365, 

1430)  
�L�' 

(35024, 35718, 36413, 

36760) 

�
!` (399, 420, 441, 462) 
 

[ !+ 
(32976, 33649, 34322, 

34658) 

 1 !�#() �#�*

(�L�' 

(1140, 1200, 1260, 

1320)  
!�#( 

(32625, 33290, 33956, 

34289) 

	7�L%�� #� "!% 
 

	7�L%6/` "!%"�1] 

<���9�!�=] 
(1459, 1510, 1560, 

1585)  
<���9�!�=] (313, 330, 346, 363) 

&#)!' 
(1499, 1550, 1601, 

1626)  
&#)!' (294, 310, 325, 341) 

�
!` 
(1881, 1940, 1998, 

1028)  
�
!` (247, 260, 273, 286) 

 1 !�#() �#�*

(�L�' 

(1352, 1400, 1448, 

1472)  

 1 !�#() �#�*

(�L�' 

(285, 300, 315, 330) 

	7�L%�#�0� "!% 
 

	7�L%�T1� �=!�;!� "!% 

<���9�!�=] 
(2736, 2880, 3024, 

3168)  
<���9�!�=] 

(1368, 1440, 1512, 

1584) 

&#)!' 
(2831, 2980, 3129, 

3278)  
&#)!' 

(1434, 1510, 1585, 

1661) 

�
!` 
(1605, 1690, 1774, 

1859)  
�
!` 

(1455, 1532, 1608, 

1685) 

 1 !�#() �#�*

(�L�' 

(2631, 2770, 2908, 

3047)  

 1 !�#() �#�*

(�L�' 

(1147, 1208, 1268, 

1328) 

	7�L%	��� "!%"�7� 
 

�7T1� 	)�� �7�/�� �/�� 

<���9�!�=] 
(3576, 3764, 3952, 

4141)  
<���9�!�=] 

(25107, 25640, 26172, 

26439) 
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&#)!' 
(3619, 3810, 4000, 

4191)  
�L�' 

(26273, 26830, 27386, 

27664) 

�
!` 
(4395, 4626, 4858, 

5089)  
!�#( 

(23196, 23690, 24183, 

24430) 

 1 !�#() �#�*

(�L�' 

(3429, 3609, 3790, 

3970)    

	7�L% "!%�T1�:'� 
   

<���9�!�=] 
(1528, 1600, 1672, 

1708)    

&#)!' 
(1557, 1630, 1702, 

1738)    

�
!` (553, 530, 506, 544) 
   

 1 !�#() �#�*

(�L�' 

(959, 1020, 1080, 

1110)    

)a1�`7:( 	7�L%(a!�� ��!���
) <!�(� �% �� ����� ��!^ "!%  

6/` L'��
6�;#� 1 "�1] 
 

	)!3�!' ��=�� W��L=� !� ���` 	)!3�!' ����� "!%
�#`#
 

<��0� 
(32, 44, 56, 

72) 

 

<���);!
 
(152, 184, 216, 

292) 

<!(��3 
(21, 29, 37, 

48) 

 

4!:)!
�' 
(86, 112, 218, 266) 

<!0K8� 
(16, 22, 28, 

36) 

 

(4#� !� L'�
) <!
�' 

(440, 660, 740, 

980) 

<��/% (6, 8, 11, 14) 

 

�#�0� L'��
 

M�!= 
(12, 17, 22, 

28) 

 

<��0� 
(11, 15, 19, 25) 

<!
�' 
(11, 15, 19, 

 

4!:)!
�' (6, 8, 11, 14) 
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25) 

 <!J�!��y]
���� 

(12, 17, 22, 

28) 

 

<!J�!��y] 
(8, 11, 14, 18) 

<!�(;#3 
(12, 17, 22, 

28) 

 

<���);!
 
(8, 11, 14, 18) 

4!:)!
�' (6, 8, 11, 14) 

 

<!(��3 (8, 12, 15, 20) 

<���);!
 
(16, 22, 28, 

36) 

 

<!0K8� 
(9, 13, 16, 21) 

���T <!J�!��y] 
(14, 19, 25, 

32) 

 

<!
�' 
(8, 11, 14, 18) 

<q�5 (9, 13, 16, 21) 

 

M�!= (1, 2, 3, 3) 

��1L� (9, 13, 16, 21) 

 

<!�(;#3 (1, 1, 2, 3) 

<!���5 
(12, 17, 22, 

28) 

   <!5L
�% (6, 8, 11, 14) 

   
 �(#� "�!07:�+ �)!

� ��#�(� a�
��)��L=� 	7�0� L/5 ";!(24,1,2  ;� 4�!K�(� !�(�{
�x/ 

�  !� R!S*:
 !� �+!�Core i3 2.53 GHz  �� 14 �
 Q� ��!�!9�5<!/% .���5 pq�� 	' �#�
 4�!��.��  �=�!S� ���1�N
 Q� ��
�1�-constraint w  ��!� 	' a�
 <�#� 	=�% 1� "���

[�/S� "��� #��!+ X���� I� �(�%� 	V��� <!5�)��5 ���1�N
 ��
�1� .�(� 4�� �!07:�+ .�
�
 	7�0� P�% 6�!� I� �=�!S�	� �� �9�� P�% 6�!� 	' � !� �� ���5 �� ���1�N
 <�#7�

�
 �_) !� .���5k#`�  	 !�
 	�]30-27[	� a�
 .5��` R�#8 1 �9�� P�% PF� !� 	)! ����
<��� �
 Q� P��5#
��
  ��
�1� !� ���1�N
 ��54��� <!:) ��; �� 	' ���:�(� 4��  

�"%      H? 

^. -.   
HF T w?1 ] V 7=]@ 

 <] �� 	'H?  1HF 	� 1 �7��% a�
 P�% 6��#� X����7=]@ 4�7%� <!:) �)�� 	��!) "
���1�N
 Q
!� a�
 "!%��#` {x( .�(� 	� 1�"!` !� 	7�0� "!% "��F5=]∗. \∗@  a�
 ��

	� �
x
!'a�
 R�#8�
 	�(!N
 ��; ";!(:���5  
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#"% H I [\∗ L 0]∗ L B �x L E �y L � �8 

^. -.      
HF T w? 

�]∗ L �x T `�6�
 
3]∗ L �y T a�6�
  

O]∗ U ��6�
 \∗ L �8 

+]∗ I 0 

�\∗ U 1 

�x1�y1�8 T 0 

<] �� 	' �x .�y  1�8 � "!%��s�
 !07�[�/S�)� ���1�N
 v�*� <�L�
 	' �� �=�!S� "!%

�
 ����� "!%��
��!+ 1 �77'B1  E  1 .� E;��	/��` "!%"��)� �
 	'E;�� 	�!:
 �7)�#� "!%
#� 4�; ��/*� ��#�(� a�
 	/��`) P��N)� 1 ��9)!�
 .�)!

� ��#�(� a�
 ��!�;�� �0` .�

 a�
 ��!�;�� 	� �#��
 \�!�) .�(� 4�� <!�� a�
 <�#� ��`� Q�!� �0` P�% 6��#� �!��

 a�
 !� 	��!�
 �� �)!

� ��#�(�PCCP ��  4�!/� a1�`8 4��� <!:):�(� 4��  

)a1�`8:( W�!/)  a�
PCCP  

v���  
PCCP k1 l1 ;=0.7 

H? HF 

1 73881 1959.1 

2 69017 2679.1 

3 75954 1458.6 

4 79339 669.7 

5 74117 1813.6 

6 71356 2339.8 

7 76882 1125.3 

8 73080 2112.5 

9 78944 812.3 

10 70822 2597.6 

��9)!�
 74339.2 1756.73 

�!��
 P��N)� 3443.4 717.2 
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 a�
 	
��� ��PCCP 4��� W�!/) ��&!� X���2 !� �
 	' �(� 4�� "��F5��^�� R1!K� �)�#�
 	��!�
 o#= a1�` X���2 !� �� P�% 6��#��7'<!/% . !� �(� m*:
 a1�` ;� 	' �#�

	�3!( Q�#N� <!
; .	7�L% W��L=��
 W%!' "��:
 	� 4��.��!�  

)a1�`9:(  a�
 W�!/)PCCP  

v���  
PCCP k1 l1 ;=0.9 

H? HF 

1 68486 1920.4 

2 66718 2666.0 

3 72648 1322.5 

4 75887 619.2 

5 71297 1788.0 

6 67755 2287.9 

7 73559 1026.0 

8 68265 2020.7 

9 74119 775.1 

10 67485 2430.3 

��9)!�
 70621.9 1685.61 

�!��
 P��N)� 3275.4 714.1 

  

 	��!�
 !��*( ;� 	H�% 	' �(� m*:
 o#= a1��`v���� 	)���5 .�#� 	�(!' 	�b�
 <��'
	� "��0� \�!�)�
 �(�.��]  

 a1�`10 �
 <!:)	� ��#�(� Q� ��
�1� 	' �%� ���)PCCP ��� v��*
 r#�( �� �����

(k1 l1 ;=0.7 k1 l1 ;=0.9) 	7�/' M!(� �� .���� ��L
[' E;�� 	�b�
 a�
 ";!( 6�!� ��
 �!��
 P��N)� 1 P�%����� �
��� ����� �� "��0� ��!)�#� ��#�(� a�
 	' �7'.���� �����  
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)a1�`10:( ) a�
 W�!/RPP !� 	��!�
 ��  PCCP  

v���  
RPP 

H? HF 

1 65820 1702.2 

2 62077 2363.3 

3 67740 1211.1 

4 70492 587.1 

5 67346 1419.7 

6 63905 1988.6 

7 68008 945.2 

8 64219 1827.1 

9 69378 649.6 

10 62318 2170.5 

��9)!�
 66130.3 1486.38 

�!��
 P��N)� 2921.7 626.7 

5- :��(!�� L� !)] 1 a�
 "��� \�!�)  

 �� �)��N� "!%��
��!+ �� ��(!�� Q��N� 1 a�
 "��� \�!�) ���:� W*� ��� P�%
 a!d
 �#H�!0HE;�� ��; a1�` .�(� "�!07:�+<!

 ����� �� P�% 6��#� "!% 4#� !� "!%

	)!3�!' Q
!�6/` 1 �#�0� L'��
 .6�;#� L'��
 .";�1!:' ��
; .!%�
 <!:) �� "�1] �� 1� .�%�
	� P�% 6�!� ��
1� 1[' 1 	7�0� 	7�L% X�����
 <!:) �� a�
 "��:
 	� Q�#N� <!
; ����-

6�!� "!%���1 .�%�  ��!( ��5#��' 1 a!�� ��!���
 �1� 1 a1� P�%�(�<!/% . ;� 	' �#�
 ��#` ������ 1 �1� P�% 6�!� ��#` ����0� ��� P!
� I� .�(� m*:
 ��; Q
� 1 a1�`

 	� P!
� ��� <��' [���� !� ����� �#`1 <]24 	� <] a!��)� 1 �/�� ;� �
� <�#7�
���1�N
P�% 6�!� !� !07� "�!07:�+ a�
 .!% �
 Q� a1� ���5]19[�
 P!
� ��� 	H�5� . -

 1 ���) ;!�) !J7�� �� #��!+ 	7�0� �!�) �!/� 	� <��(� � 1 .�#� [���� "��:�� �!�) 	� �)�#�
 !07� 	 !�
 ��� �� .���� ��/%� P�% 6�!� �!�3!( ��#
 �� �(!��� ����� !07�24  ;� 	��)

!/) ��; a1�` �� 	' �(� 4�� ~��*�(� #��!+ �#�3.�(� 4�� 4��� W�  
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)a1�`11:( #��!+ 	7�0� Q� \�!�) ;� �3��  

v��� z{ z| 
	)!3�!' "!%
�����4�� 

 ��
;
 ";�1!:' 

 L'��

 6�;#�

�����4�� 

 L'��

 �#�0�

�����4�� 

 L'��

6/` "�1]

�����4�� 

1 81258 285 3 5 15 7 15 

2 76014 356 3 3 15 7 15 

3 75988 374 3 3 10 6 10 

4 75660 390 3 3 7 5 7 

5 65025 1866 3 0 7 2 7 

6 72822 408 2 5 15 7 15 

7 72357 426 2 5 12 6 12 

8 72069 464 2 5 10 5 10 

9 71951 483 2 5 8 4 8 

10 71718 499 2 5 6 3 6 

11 67255 1013 2 2 15 7 15 

12 67159 1226 2 2 12 6 12 

13 66955 1456 2 2 10 5 10 

14 66712 1490 2 2 8 4 8 

15 66577 1538 2 2 6 3 6 

16 66347 1597 2 2 4 2 4 

17 65908 1671 2 2 2 2 2 

18 62886 2068 2 0 15 7 15 

19 62718 2154 2 0 10 5 10 

20 61849 2541 2 0 7 3 7 

21 61786 2533 2 0 7 2 7 

22 61528 2846 2 0 5 2 5 

23 61150 3270 2 0 2 2 2 

24 61074 3815 2 0 2 0 0 
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 Q
�)4:( #��!+ ���!�
 1 �1�� �����  

P�% 	� 	`#� !�>(!+ 1 	7�L% 	' �(� Eq� �� 	
�� .	�b�
 "!% .�%� !���� �� 	
�� ��#5
Q��N� .�����!7�	7�/' [�%!K
 �� ��!%<] 	� 	' �(� r��
 Q�#N� <!
; 1 	7�L% <�� !%

�
 	�3���+.�#�  

<!/%	7�/' 	' �1� P�% 6�!� .�(� m*:
 o#= Q
� 1 a1�` ;� 	' �#� Q�#N� <!
; ";!(
�
 �(� ��!0) "��:
 	� ;� �)�#�285  	� ���13815 � !��� ��!� W��L=� ���1 P�% 6�!� 	'

	7�/' 	' a1� ;� �(� 	7�L% ";!(81258  	�61074 �
 W%!' ���1 	' ��!J)] ;� .��!� ��
) a1�`11��
; .4�� ����� R!J)!3�!' ����� (6/` 1 �#�0� .6�;#� L'��
 .";�1!:' "!% -

	� .�(� <!�!/) ��0� #��!+ 	��) �% "��� �!�=� ��� .�(� 4�� m*:
 "�1] �� a!d
 <�#7�
 #��!+ 	��))285 ,81258( ����� .3  .	)!3�!'5  .";�1!:' 	7�
;15  .6�;#� L'��
7  L'��


1 .�#�0� 15 6/` L'��
a!�= "�1]�)�  	� �� ����
 ����0� �1� P�% 6�!� 	' �(� 	��) ��� �� 1
�
 n!S�3� �#3 ;� �1� P�% 6�!� ��)� ���s� !� .�%�285  	�356  ����� 	H�5� .���1

	)!3�!'6/` .6�;#� L'��
 .!%�/) "���s� �#�0� 1 "�1]��
; ����� � 1 �77' ;� �:' ��; "!%
5  	�3 !'�
 W%�
 W%!' <] !� X(!7�
 L�) a1� P�% 6�!� ����
 1 �7�!�	� ���
� ��� .��!� -

 4�!/� !� X���� ��/%24 �
 W%!' ����0� 1 �1� P�% 6�!� �
/
 ����
 ������ !��!0) !� ��!�
�
 	J��) �� a1� P�% 6�!� ����
 1 	)!3�!' 1� !07� #��!+ 	��) ��� �� .�%�2  6�;#� L'�


�
 ������
 <!:) Q��N� ��� ��' \�!�) .���5 4�!/� ��#
 	' �%�14  ���!�
 !�)1490 ,
66712( �
��!J)] ���!� P�% 6�!� 1� �% "��� ��(!7
 #��!+ 	��) �)�#� ����� 	'2  .	)!3�!'

2  .";�1!:' ��
;8  .6�;#� L'�
4  1 �#�0� L'�
8 6/` L'�
 a!�= "�1].�(�  
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5 -1- 	7�L%  

 	� !�
 ��� ��	7�L% 	' �)!
;�
 W%!' !%	9) Q
!� !%�#�'!= ��!( "!2�� I��� ��!� ����
�
 W��L=� �#% �5�# ] 1 ��!0) a#SN
 ��K�' .Q�#N� <!
; ."��:
	� .��!� �� a!d
 <�#7�

) v��� ��#
24[' �� �'�� 	7�L% 	' ( 6�!� 	' �(� �7�
 ���� �(� E�#3 ����
 ����
W�� �1� P�% �� ����
 �����
 �#3 	� 	)�� Q
!� 	� 1� �!3 ��#
 	��' � !� ��� �� 1 ���5

[' !� �!3 �T1� 1 �7T1��
 ��
�� �#:' ;� ~�!3 ;� 	7�L% ���� 6�!� .����� ��� �� 	' �#�
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1 67%  9%  24%  <4.4h >2000 59.3 

2 49%  9%  42%  <4.4h >2000 49.7 

3 49%  7%  44%  <5.7h >2000 46.3 

4 49%  5%  46%  <7.9h 1500<X<2000 44.6 

5 0%  5%  95%  <7.9h 1500<X<2000 3.7 

6 67%  9%  24%  <4.4h 1500<X<2000 58.9 

7 67%  7%  26%  <5.7h 1000<X<1500 56.5 

8 67%  5%  28%  <7.9h 1000<X<1500 51.1 

9 67%  3%  30%  <7.9h 1000<X<1500 50.6 

10 67%  3%  30%  <7.9h 1000<X<1500 48.3 

11 33%  9%  58%  <4.4h 1500<X<2000 33.5 

12 33%  9%  58%  <4.4h 1500<X<2000 32.7 

13 33%  7%  60%  <5.7h 1000<X<1500 31.1 

14 33%  5%  62%  <7.9h 1000<X<1500 27.4 

15 33%  5%  62%  <7.9h 1000<X<1500 27 

16 33%  4%  63%  <11.1h <1000 26.3 

17 33%  2%  65%  <19.1h <1000 24.8 

18 0%  9%  91%  <4.4h 1500<X<2000 6.4 
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19 0%  7%  93%  <5.7h 1000<X<1500 5 

20 0%  5%  95%  <7.9h <1000 4.2 

21 0%  5%  95%  <7.9h <1000 4 

22 0%  5%  95%  <11.1h <1000 3.8 

23 0%  5%  95%  <19.1h <1000 3.5 

24 0%  0%  100%  <19.1h <1000 0.5 
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Abstract 

In this paper, a bi-objective closed-loop supply chain has been studied by 
Robust Possibilistic Programming (RPP) approach. This paper aims to 
minimize the cost and product shipping time (delivery) to the customers.  
The KVSS and MK company are considered a case study of Iran’s vegetable 
oil industry. This paper addresses -and models- some challenges of this 
industry and provides the RPP solution approach with appropriate solutions. 
The main challenge of this industry is that the supply of raw materials and 
oilseeds is highly dependent on other countries. Accordingly, many other 
factors such as the exchange rate, sanctions, governmental rules and 
regulations, custom tariffs, and the supply and demand process, etc., have an 
impact on the definitive decision-making. Hence, the data are considered 
uncertain and the RPP approach is used to solve the model. The solving 
approach is also used to decide on the bi-objective function, in which 
managers can easily decide on the complex processes of this industry.  
Finally, the results of the model and the sensitivity analysis are presented to 
validate the model. The validation process uses examples and practical 
analyses that have been localized based on Iran’s conditions. 

Keywords: Fast moving consumer goods, Robust Possibilistic programming, 
Closed loop supply chain network design, bi-objective optimization. 
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