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� � �) �� � �� I�� X  �#�� ���/ ��$D I�� 4��6 .5 4��6 ; � �����/ 8���/���) Y�1 �� 4/ ��	
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 �� � � �F& 4) �� 2D ��� :

Max = 2*X1+7*X2; 
4*X1-3*X2+X3<=10; 

8*X2-2*X3<=6; 

•���  !�" #$%&�:

-"
�������`/��' 8�-6 4) 4F� � 4) 4�B) _�� >)�� 5 �& ����P� C�) ���� I�`� �� 4/ ����� �*��' � �5 �&�) �F& 4)
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�-��� �) I�� % �& ���-# 4�&-
 5 ��� �%��� % _�� >)�� 5 �� ���� �%�% 5 �� 43-�N� "End"� 2� �1 4)!��� .�-��� %� "

Model : "%"End"���
 5�4)";"�
���
 .

I�`�(

model:
title students; 
max=2*x1+7*x2; 
4*x1-3*x2+x3<=10; 
8*x2-2*x3<=6; 
end 

�%�#!4�/� 2�� �� [1 Solve )(:

Global optimal solution found at iteration:             0 
Objective value:                                 91.00000 

Variable           Value        Reduced Cost 
X1        0.000000            26.00000 
X2        13.00000            0.000000 
X3        49.00000            0.000000 

Row    Slack or Surplus      Dual Price 
1 91.00000            1.000000 
2 0.000000            7.000000 
3 0.000000            3.500000 

 

��-�(

MAX = 20 * A + 30 * C; 
A < 60; 
!note that < and <= are equivalent; 
!in LINGO; 
C < 30; 
A + 2 * C < 120; 

/0:

Global optimal solution found at iteration:             2 
Objective value:                                 2100.000 

Variable           Value        Reduced Cost 
A 60.00000            0.000000 
C 30.00000            0.000000 

Row    Slack or Surplus      Dual Price 
1 2100.000            1.000000 
2 0.000000            20.00000 
3 0.000000            30.00000 
4 0.000000            0.000000 
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4/reduced cost 2���zj-cj���B� ��.

�/]� :Y�1 �-")��G�	) ����^�� d�
e� �%��� ; � ;�&-
 4) ����
 % �
-& !� 4�
�G �T
 �� ��6 �%�B�

�B�
 I�� ����
� �� ��.

�!�) 2�-����%��� ��
 �� ���]G���/:

MODEL:
! Design a box at minimum cost that meets 
area, volume, marketing and aesthetic requirements; 
[COST] min = 2*( .05*(d*w + d*h) +.1*w*h); 
[SURFACE]  2*(h*d + h*w + d*w) >= 888; 
[VOLUME]   h*d*w >= 1512; 

! These two enforce aesthetics; 
[NOTNARRO] h/w <= .718; 
[NOTHIGH]  h/w >= .518; 

! Marketing requires a small footprint; 
[FOOTPRNT] d*w <= 252; 

END 
�' �� [1:

Local optimal solution found at iteration:            181 
Objective value:                                 50.96507 

Variable           Value        Reduced Cost 
D 23.03098            0.000000 
W 9.562189            0.000000 
H 6.865656            0.000000 

Row    Slack or Surplus      Dual Price 
COST        50.96507           -1.000000 

SURFACE      -0.5989596E-04      -0.2342592E-01 
VOLUME      -0.4623156E-03      -0.1329932E-01 

NOTNARRO      -0.4761957E-06        2.298538 
NOTHIGH       0.2000005            0.000000 

FOOTPRNT        31.77348            0.000000 
/4 $ I�`� X�"#�!�f� �]� % �����) ;�7�!����
 �-�% a�-�.

1�� ���23�!1 	!Lingo :
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 �F& 4) I�� 2��/ ���% H�3 4/�B)�' ���-� h�$� �� % ���
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Lingo % ���7��3 5 >)�-� 5 8��-��� ���& ...� ���* �� �� 5!����� ; � �� ��������% 5 <# ��= �� <:
 �� @�	)

G��� 4) % ���/ 4��
�)!��)�-� 5�M��/ �
� �� I�� �� �� �T
 ��-� .��� ��K� 4�!�!�
-& O �P� ����	)� ; � �� �-& :

•4��� +���56
:

;�&-
�� � 8���A3!��Lingo � �� � �� 4��
�) � �� �� 4/ ��� 4i
D 4�A& ���B) 5!�-& .;�&-
 ���� � 8���A3!�� 5

� ������� � � L�& 4) ���� ���B) �-���1� ��=!�-&:

���&"��7�24���
,�8�

>�� +

 ���9-

a�� *

M�B:� /

2�-� ^

3�� � 8���A!�!���= ���& ��
�-��6� ��3!��&�) 2�-� %.��)��� 5 �-/]� ���-� �� X  �� 2��� 2�P
 ����/���/�

2�&�j���� � �������!�-&.

� -�%� ����-���1����� 2�-� 4/ ��� L�& ; � 4) �-/]����� I%� � -�%� .��� -�%���K)��� 2D ����B� M�B:� % a% �

9 ��� % >�� �) M� �#D � -�%� ���.

6�# h���� M���-,) �G�!��)���������-���1���� � 8��A3 X  �� �-�-�!���� 2�F� �� 	�
��1 �� 5 M��/ k�,�� h

� �������!M��/ .��)�M ��� �-/]� h��"� 4) 4�-� �) 5 I�`�:

9 + 6 * 4 ^ 2 / 3 = 41

(( 9+6 ) * 4 ) ^ 2 / 3 = 1200 

•��9���2��)��9� �2��(:



���������	
� ��
 �� �������Lingo 

%�B��
���)%�B� %���(F !��B��� �� ����	)� ; ����)��/�1 ����!��&�) .��� �%��� �� X  �� �6� ���4�UB� 5X 

%�B��%�B��
 � ����B� .��)�%�B� 2��/ ���%���%�B��
 %����-���1� �� 5 I�� �� ���� 4")������� ����!�-& .���-���1��4")��

�����B� � � ���-� ���& :

���&"��7�2� 	;!��2,�8�

%�B� ��G�	)�>= 

%�B� ��F=-/�<= 

%�B��=

��	
� ��
Lingo �
 �� ��/� ��F=-/ �  ��/� ��G�	) 5!����/���/ % �� ]1�">"%"<"��G�	) 2�-�3 4) h���� 4) M� ��

%�B��/ %%�B� ��F=-�� �T
 ��!���G.��)���
�� ��/� ��G�	) 8���A3 2��/ ���% "A > B"58�-6 4) �� 2D � �) "A + e

>=B "��/ ���%�2D 4) 4�B) %4/"A"�� ��:= "B"� �%��� 5 �&�) ��G�	) "e >=  … "� 4
��� I�� 4) M�!�-&.

•�56 *�% +��
:

(�& 8���A3!��& ��" !� ��/ 4)!�� X  4) �� �-��� X  M���-,) 4/ �%������^���M��/ �%��� ?�# .8��A3 ��

(�&!�!���:� �
�-� "���� "� "<�$ "���7) .�G�(�& 8��A3!5���:� "���� "%� 5 ��& L�"� �-��� 5 ���7)�����^���

� ���� �T
 ��-�!���:� �G� % �-& "<�$ "-��� 5 ���7) ��
 ���� �-/]�!�-&.��	
� ��
Lingo ���:� 5W��) ���(�& 8���A3!"

���� "��) �� ��6 ���:� %�(�& 8���A3!"<�$ "� ?�+�#�!��� .��)�;�&-
(�& 8���A3!���-���1� �� 5�:"��!� �������!

�-& .���-���1��:"��!�� �����A3 :
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l�:
 #NOT#

%�B��#EQ# 

Z��,� #NE#

��G�	) #GT#

%�B� ��G�	)�#GE#

��F=-/ #LT# 

%�B� ��F=-/�#LE# 

%#AND#

�  #OR#

� -�%� ��������1����-�:"��!�) I%� � -�%� 4/ ��� � � h���� 4) "#NOT# "��� .���7��3 2D �� [1�"

#EQ# "5"#NE# "5"#GT# "5"#GE# "5"#LE# "%"#LT# "��� -�%� ��.���7��3 �) M� �#D � -�%��"

#AND# "%"#OR# "���.

(�& 8���A3 �� 4
-�
 ��= � � ��!��� ��& ���� Y ��
.

�x%�B� ��G�	)�m�&�A
:#NOT# ( x #GE# 5 ) 

�x%�B���F=-/�n%y�� ��G�	)o�&�):( x #LE# 3 ) #AND# ( y #GT# 4) 

�x%�B��n� �&�) yZ��,�p�&�):( x #EQ# 3 ) #OR# ( y #NE# 2 ) 

•�� 	6&8@�:

F �� 43-�N�!-* �������	)� ; ���
� ��
 ��	Lingo ��B��� ��/ 4/ ���B��� ���B� ���B) ��!���/ .����� �����3!

� ����P� 8�K
� 4) 5!4/ �-& ��������1 �  ����^�� �� 4��� X  55 �� 4
�#��/ 5 ����& 43-�N� H`� 5 ���B� 43-�N� X  �) �j����

�� ��%� 5 ��
�F� 5 ���
� 5 8C-+���
���!%. ... 
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�f3� 4����N����� 5 43-��� X �4)�P� 8��6-+# q ��� r��P� ��
D 4�� ;�) 4/ ���B� �]��� 4)�2��/ Z �K�

-f3 �� ������1 �  ��^�� X  2�-�3 4)� 5 4
�G���!�� 4+,P� 4��/ % ��/ Z �K� 43-�N� X  2�-��%� �� r��P���f3� 4���

��� M��K� 43-�N� .��-6 ��!���K� 4/��f3� ���43-�N� ���� 5�#�)!(�& 8���A3 X�/ 4) 5 ��&�A
 �� 4+,P� ��!�!2�-�

� �� ��
D�f3� � �� ����/ 	 ���� 43-�N� .5 �� 43-�N� Z �K� ;��i��K�� 8�-6 4) ��� �%��� ;�&-
 �� �� ��!� X�/!4) ��/

�-(��� 4) 4/�%� ����
���� I�� �� 4)�P� � �%��� ; ��= ;�&-
�� 5 ]$�/!2�-� ��) r��P� � �%��� X  �� <:
��f3��

��/ ������� 43-�N� .

� �� 43-�N�!�K) ��= �  X  ��
�-����&�).�K) X  43-�N��� 43-�N� 5��f3� �) 4/ ����� Z �K� 2D!�-& .

�� 43-�N���K) ��=� �� 43-�N� 5!���B� %� 4/��K) X  43-�N� ��= �  %��� Z �K�!�
-& .

��)�K��� 43-�N� Z � �-��� ��"Sets : "� �������!�-& .� Z �K� 2� �1�-��� �) 4��
�) �� �� 43-�N "

Endsets "� s,P�!�-&.

Sets : 

…

�� 43-�N� Z �K� …

…

Endsets  

�)���K) X  43-�N� X  Z �K��� ��3 � � �F& 4) 5!M��/ :

;�� 4+,P� �  4+,P� ��
��f3��43-�N� / :�f3� ��
�43-�N�/43-�N� ��
 

� 43-�N� ��!�&�) 4�&�� 4+,P� ; ��= �� ��6 �� �
�-� .Gt % 5 4+,P� �� �-T��! ��!�f3� ���� ;�) 4/ ����

��� r��P� 43-�N� .�)�����-� 5 8C-+�� 43-�N� �� 5 I�`��% ��3 I-( 5 [�� 5 ���* 5 ����
� 5 S
� 2-= ...� 4��!��
�-�

���-� 5 ����& 43-�N� �� �  q �
-& Z �K� 8C-+�� 43-�N� 4+,P� 2�-�3 4)�G�
��) <�-�� 5 �'�B� 5 ��K�� 2-=!4��� 5

���'�% ���K� 5 <�-�� 8���'��K�6!%...� 5!-��� 4+,P� 2�-�3 4) ��
���
-& Z �K� ����& 43-�N� .��) �� 4+,P� a�,�
��

7�B) 5 I��!���) ��-� 4�UB� 4)!����.�� 4+,P��� M� 43-�N� ��!��������1 ��
�-��� M� % ��&�) �-�K� % s,P�!��
�-�

�C-�N� % ����^��!����
D � ��:� ;�
�  5 �� _�� 4/ ��&�) .��) H`��K�4) 5 �'�B� % ��K�� 4+,P� %� �) ����& 43-�N� Z �

� ��3 8�-6 ; �!M��/:

cities / London , Paris , New York , Tehran / : population , area ; 
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�K) X  43-�N� X  �G��� 43-�N� � � 5��K) X  43-�N� X  ��� �f3� ��
 � �) 5 �&�) �7 �!��F=-/ 43-�N� �� 4/

�� ���B� M��/ s,P� � � I�`� ��
��:

;�� 4+,P� ��
���F=-/ 43-�N�/ :�f3� ��
���F=-/ 43-�N� / ) >��� 43-�N� ��
 (��F=-/ 43-�N� ��
 

subcities ( cities ) / Paris , Tehran / : towns ; 

-f3 %� 43-�N�� � X  5 C�) �-����� Z �K� ����& 43-�N� ��!� 4/ M� 4+,P� X  % ��/����& ���K���& 2D 4K)��

� ?�+�#� 2D 4) 5 ���!��� .

�� 43-�N� Z �K� �� 5�!�� 4) 2�-���f3� ;�&-
�43-�N� ���3� �� 5)�� [ �
� (��/ �������.��) H`��X Z �K�

 43-�N�Wv-f3�4/Wv� 2�P
 �� 4
�#��/ X  I-+�� J-
!�� 4+,P� % �����-�-� % ���*��) ��A
���I-+�� �� ��

� Z �K�!��/ M ��� 5:

products / 1..10 / : price , inventory ; 

���' ��!�f3� ��
 4/�� �� 43-�N�!� ?�+�#� �f3� 4) 5 h���� 4) �� �� [ �
� 5 ��	
� ��
 �-# 5 M�B -
!��� .��)�

��& 4) I%� [ �
� 5 g-
 ��-� �� I�`� "London "� ?�+�#�!�)� .���/ ���'!��)�)�����!�f3� 4)�43-�N� [ �
� �� 5

� �������!�-& .��)�5 I�`� "population (1) "�K� 4) 5!��& ��K�� "London"% ��� "price (5) "�K� 4) 5!���*

��� MN�1 I-+��.

�� 43-�N���K)��=� �� 43-�N�!���B� %� 4/��f3���� 43-�N���K) X �� Z �K�!�
-& .��)�I�`� 5��)�

2��) �� 4) 4/ I-+�� J-
 �� ���K���& 8C-+�� 43-�N� 4) M� �� 5 ��� ��& I������& 43-�N� 4) M� %M ��� ���
 ��.; ��)��)

��C�/ 43-�N����& ��' %� 5��f3��� Z �K� �-/]� 43-�N� %�!�-& .��)��� 43-�N� Z �K���K)��=���3 � � 8�-6 4)

�!M��/:

;�� 4+,P� ��
��K)��= 43-�N��) :�� 43-�N� ��
�X �K)�(�K)��= 43-�N� ��
�

;stransportation ( products , cities ) : number 

C�) �-��� 5��C�/ 43-�N��� Z �K� 4+,P� X  �) �� ��& �� 4) J-
 �� �� ��& ��'!��/ .4+,P� X  2D 4) E-)�� 5

C�/ ���K����� ��& ��' .�� 4+,P� 5 �& ���&� C�) �� 4/ �-"
����� 43-�N�!��������1 ��
�-��� ��:� �  �-�K� % �)�w

����^�����&�) 4�UB� I-�N�.
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�f3� 4�� �G�����/� a�� �� �6�'!�� 43-�N���K) X ��K) ��= 43-�N� �� 5�
�/ 5 ��&�A
!�f3� 4/ ����

N��K) ��= 43-��( 4) ��M�:�B� �- M��� 2�P
.)(�& 8���A3 2��) ��/ 4) �) �� ��/ ; �!� M�!��� ��N
� 2�-�(.�G� 5 g-
 I�`� ��


 M���-,)��C�/ <:�����& 4) ��& ��' ��I%� I-+�� J-
 %� ��-� �� �&-
 � �) 5 M��/ Z �K� :

transportation ( products , cities ) / 1,London  1,Paris  1,Newyork  1,Tehran  2,London  

2,Paris  2,Newyork  2,Tehran / : numbers ; 

��H3 �� 5 43-�N� �� Z �K� 2� �1 �� 4/ ��� �/k 4) ��C ";"� �������!�% 5 �-&!�-��� �� �K) "Endsets "���
�4)

�� ������� ";"�B�
.

•�� B,�,2,���2��� 	!:

G� �� ���� M���-,) �!�-��� �� 5 M���) I�� 4) �� "Data: "� ������� � � �F& 4)!��/M.�-��� �) I�� 4) �� ���� �%�%

 "Enddata "�)�  !� 2� �1 .

Data : 

…

���� �%�% ��…

…

Enddata  

��)����:� M���-,) �G� I�`������) �� 4(-)���I�� 4) ��
 2-���� hB' �) C�) I�`� �� ����& ��K�� ; � 4) 5 M���)

� ��3 �F&!M��/:

.3 ;9105.56population =  

� 2�P
 H`� g-
 8��A3!4/ �����)�5 I�`� ��& ��K�� "Paris "�)��)m.m���� ��
 2-��� .� �) �:�*� �� ���� ��K)�

�&�) 2�BF  �� 43-�N� ��K)� �) ��) 5�M��/ ���% ���� ���= �:�*� � �) [1 5 M ��� ��& ���= 2-= g-
 ��-� �� I�`� .��)�2��/ ���

� M� �� �� ����!��# 4�6�
 �� 2�-�!)g-
 I�`� ��
�� (��H3 �� �  ","��/ �������.

��)��� 43-�N� ��-� �� �� ���� �%�%���=�K)��"� �F& 4) �� �� ���� 4/ ��� ���) 5�
-�� %!M��/ ���% s�,P� ��

�&�) �� ���� M� ��
D .M���-,) �G� H`� 4+,P� 4) "numbers "�K) %� 43-�N� 4) 4/�"transportation "���:� 5 ��� 9�K��

 M ��� 5 M��� :)� hB' �) �� �������B� I�� �� ;� ��	( .
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numbers = 10  14    20  13 

3 4 6 5

20   25   18   24 

32   12   40   22 

4 3 5 2

13   12   15    6 

54   43   68    71 

31   21   27   11 

7 4 8 10

11   14   17   21 ;  

� ����P� 4/ �-"
���!�f3� ���K� 4) 5 �-&�I%� 43-�N� )8C-+�� (�f3� ���K� 4) % �"� 5��%� 43-�N� )����&

 (M ��� 2-�� 5.C��H3 �� 5 ���� �� Z �K� 2� �1 �� 4/ ��� �/k 4) �� ";"� �������!�% 5 �-&!�-��� �� �K) "Enddata "

���
��� ������� 4) ";"�B�
 .

• !�&":

>)�-� Lingo 2���=%� �� ��	
� ��
 ��)��/ 4���� 5�!��/�.��& ;��K� Y�1 �� >)�-� �� �������Lingo 8�
�F�� 5�)�*

��-�!� ���* �� ����#� ��!% ���� ;F�� �� I�� J-��� J�-
� �#��!���� .>)�-� 4��/Lingo ��H3 �) 5"@"� ��$D!% �
-&

� ���& �� � � J�-
�!�-&:)��H3 �� 4/ �N/ �� 5 � � >)�-� 4��/ �� "[]"2%�� 8��A3 2��%D 4/ ��� ��K� 2D 4) ��� ��& ������� 

"[]"��)�����#� 5 >)���� % ���!���-� �� �
�-���-& _]' 5 �B�
 ��C 4/( .

����  !�&"
)��!2	���;�(:

��� >)�-�!K)�-� 5!�:
 2� �� I��K� y��� 4/ ���B���� ��%� �� ���
���!� ;��K� Z��,�!����� ��+�*� �� % ���/!

�� �����A3 % �
��� ��)��/:

@FPA(I , N) :���) z�
 ���:� %� 5 >)�� ; �(I)���- �1 ���K� %(N)�%�% 2�-�3 4) ���� �
� ��!% ��/�K
 y���!

�:
 2� �� I��K��8�� 4) I�� �� �� I-1 �'�% X  4
�����NI�� ���) z�
 �) %I�%�# 2�-�3 4) ��!� [FK��!��/.��-6 ��!

�:
 2� �� 4/�I-1 �'�% X  �)��) 5 4
����� 
�/ 5 �&�A
!�%�# 4/ ���!M��/ a�� �T
 ��-� ���:� �� �� g-
 >)��.
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@FPL(I , N) :���) z�
 ���:� %� 5 >)�� ; �(I)���- �1 ���K� %(N)�%�% 2�-�3 4) ���� �
� ��!�K
 y��� % ��/!

�:
 2� �� I��K���� I-1 �'�% X N���) z�
 �) �� �K) I��I5�%�# 2�-�3 4)!�� [FK�!��/.

���8$0�  !�&"
)��!2	���;�(:

����'� >)�-�!K)�-� 5!�� > �-� 4/ ���B��� ���& �� I���'� Z��,�!���B� � � J�-
� ���& % �
-&:

@PBN( P , N , X) :K�N� >)�� ���:� 5 >)�� ; �!� 4���%� > �-��� [FK�� ��!��/ .�%�# 5 >*�% ��!5 >)�� ; �

�'� �)��)���K�� �) 4K��� X  �� 4/ ��� 2D I�N)��# z�
 2D �� 4/!�)��) 5P���K� 5 ���X�-�% a-�K� 4K"* 5 ���/ � 

�&�) 4�&��.

@PCX( N , X) :K�N� >)�� ���:� 5 >)�� ; �!�/ >)�� > �-��� 2�P
 ��!��� .�%�# 5 >*�% ��!�)��) 5 >)�� ; �

-� �� ����P� X  4/ ��� 2D I���'��/ >)�� > ���)N���D 4�������:� 5�%�B� �  ���/�X���7).

@PEB(A , X) :> �-� >)�� ���:� 5 >)�� ; � "Erlang’s Busy "�) M�B�� X  ��X�%�% ��) �) % ����� ���#�A��

� 2�P
!��� .���:� >*�% ��A��P� <�-�� ���K� �)��) 5��%�%�2��� �'�% �� I�� 4) 5a����) ��C <�-�� 2��� ������#

��!��P� �� 4)���� .

@PEL(A , X) :> �-� >)�� ���:� 5 >)�� ; � "Erlang’s Loss "�) M�B�� X  ��X�%�% ��) �) % ����� ���#�A��

� 2�P
!��� .���:� >*�% ��A��P� <�-�� ���K� �)��) 5��%�%�2��� �'�% �� I�� 4) 52��� �� a����) ��C <�-������#

��!��P� �� 4)����.

@PFD(N , D ,X) :K�N� >)�� ���:� 5 >)�� ; �!> �-� "F"� 2�P
 ��!��� .�%�# 5 >*�% ��!I���'� �)��) 5 >)�� ; �

> �-� �� ����P� X  4/ ��� 2D "F"���D 8���� �)�N%D���:� 5�%�B� �  ���/�X���7).

@PFS(A , X , C) :��P� <�-�� ���K� 5 >)�� ; ��������K� I�' �� �  ���K� ��T�
� ���� ���# M�B�� X  ��!

�) 2-��-1 X��-� ����� ���#�5C��P��%����/ �%��� ��)A��� .���:�A��P� ���K� �)��) >*�% �� 5�<�-�� �� a�� ��

�� ���# 2���!��� ���K� 2��� <�-�� �) M�B:�.

@PHG(POP , G , N , X) :>)�� ; � ,K�N� >)�� ���:�!���� g-
 > �-�!� 2�P
 ��!��� .�%�#!�� 5 >)�� ; �

 ��K�� �) 4K��� X  �� 4/ ��� 2D I���'� �)��) >*�%POP 4/G���K� 5 ���B� M��� 2D -f3 X2%�) 4
-�
 X  �� ���/ �  -f3

��]7 ����)N��&�) M��� 5 -f3.
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@PPL(A , X) :"# 2��:
 >)�� 5 >)�� ; �!��)���� 2-��-1 > �-� .�%�#!<�-�� ���:� >*�% �� 5 >)�� ; �Max (0 

, Z-X) � 2�P
 ��!2D �� 4/ ���Z���� 5�������1 �) 2-��-1 > �-�A�!�&�).

@PPS(A , X) :K�N� >)�� ���:� 5 >)�� ; �!� 2�P
 �� 2-��-1 > �-�!��� .>*�% �� �%�# 5!2D I���'� �)��) 5 >)�� ; �

 ������1 �) 2-��-1 > �-� �� ����P� X  4/ ���A���:� 5�%�B� �  ���/�X���7).

@PSL(X) :"# 2��:
 >)�� 5 >)�� ; �!��)���� I���
 > �-� .�%�#!<�-�� ���:� >*�% �� 5 >)�� ; � Max (0 , 

Z-X) � 2�P
 ��!2D �� 4/ ���Z���� 5���� ����
���� I���
 > �-�.

@PSN(X) :K�N� >)�� ���:� 5 >)�� ; �!� 2�P
 �� ����
���� I���
 > �-�!��� .�%�# 5 >*�% ��!I���'� �)��) 5 >)�� ; �

���:� 5 ����
���� I���
 > �-� �� ����P� X  4/ ��� 2D�%�B� �  ���/�X���7).

@PTD(N , X) ::� 5 >)�� ; �K�N� >)�� ���!> �-� "t"� 2�P
 ��!��� .�%�# 5 >*�% ��!2D I���'� �)��) 5 >)�� ; �

> �-� �� ����P� X  4/ ��� "t"�)N���D 4�������:� 5�%�B� �  ���/�X���7).

@QRAND(SEED) :
��+� 4A& ���3� �� 4��A
� X  5 >)�� ; �!(Quasi Random)�#�-�F  > �-� ��(0,1) ��

� ���-�!��/.���:� �� 5 >)�� ; � �� �G�SEED 2�-�3 4) M�B�� �3�� �� 5 ��/�-# �-( 4) ��	
� ��
 �-# 5 M��F
 s,P� ��

SEED � �������!��/.

@RAND(SEED) :
��+� 4A& ���:� X  5 >)�� ; �!(Pseudo Random)� ���-� X  % ��6 ;�)!��/.

�	6&8@�  !�&":

N� >)�-� >)�-� 4��� ; ����� >*�% �� 5 43-�Lingo ���B� %K)�-�!� ���& ��!%� 4/ �
-&�� Z �K� �� 43-�N�!

�
-& .�� �����A3 >)�-� ; �:

@INDEX([set_name,] primitive_set_element ) :2D 4) ��& ���� -f3 �) �j���� [ �
� 5 >)�� ; �

(primitive_set_element)� 43-�N� �� ���� �
� �� �� �� �� 2D ��
 4/!��/(set_name)� 2�P
 5!��� .43-�N� ��
 2���

����#� 5 >)�� ; � 4)���� .� 43-�N� ;��%� [ �
� 5 ��/�-# �-( 4) >)�� 5 M���
 >)�� 4) �� 43-�N� ��
 �G��2D �� ��&��  -f3 4/

� g�6!�%�# 2�-�3 4) 5 ��/!� �� 4)!��� .��)��� I�`� � � 8��-��� 43-�N� ���:� 5M�)��)W���:� %N�)��)n�-) ���-#.

Sets : 

S1 / A B C / : ;

S2 / X Y Z / : ;

Endsets 
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M = @INDEX ( S1,A ) ; 

N = @INDEX ( S2,Z ) ; 

@IN(set_name , primitive_index_1[,primitive_index_2…] ) :��-6 �� 5 >)�� ; �!� ��^�� [ �
� 4/

�����^��2D 4) ��& ����(primitive_index)��& ���) ��
 43-�N� �� 5(set_name)����� 5 ��&�) "����"��$ �� %

� ���:� 8�-+� "<�$ "� 2�P
 ��!���.5 � � 8��-��� 43-�N� �� ���:�P�)��)W2��� �  "���� "���:� %Q� ��6 �)��) "<�$ "

�-) ���-#.-f3 2-=YB,43-�N� ��S3���� �-�% 5�%!-f3C,Y ����
 �-�% 43-�N� ; � �� 5.

Sets : 

S1 / A B C / : ;

S2 / X Y Z / : ;

S3 ( S1 , S2) / A,X  A,Z  B,Y  C,X / : ; 

Endsets 

P = @IN ( S3 , @INDEX( S1,B) , @INDEX(S2,Y)) ; 

Q = @IN ( S3 , @INDEX( S1,C) , @INDEX(S2,Y)) ; 

(set_name)@SIZE :�f3� ���K� 5 >)�� ; ��� 2�P
 �� ��& ���� ��
 �) 43-�N�!���.5 I�� �� >)�� ; � �� �������

� ]1 _�"K
��� �  M/ % �� 43-�N� ����
� ���^� �)��) �� �� I���f3� 2��/ �� ���
D 5� C�)!��).

@FOR(set_name[(set_index_list) [ | cond_qualifier]]: exp_list) :�� �-�-� 8��-��� 5 >)�� ; �

exp_list ��) ����f3� 4��/�43-�N�set_name E�& �� 4/cond_qualifier � g�6!� ���� 5 ���/!��/ .

set_index_list ��) ��-,�� [ �
� X  5��f3��� a�,�
� �� �-# <�-� 4/ ��� 43-�N�!�-&.�T
 �� �� � � 8��-��� 43-�N�

�!M ��G :

Sets : 

final / 1..10 / : batch ; 

Endsets 

@FOR (final(i) | i#LE#5 : batch(i)=1000 ) ; 

@FOR (final(i) | i#GT#5 : batch(i)=2000 ) ; 

4+,P� 5 8��-��� ; � 9)�"� "batch "��)�m43-�N� I%� -f3"final "�)��) 5Wvvv ��) %�m�|)��) 5 �|7 � -f3pvv 

�-) ���-#.
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@MAX(set_name[(set_index_list) [ | cond_qualifier]]: expression) :���:� �`/��' 5 >)�� ; �

expression %� ���43-�N�set_name E�& �� 4/cond_qualifier � g�6!� [FK�� 5 ���/!��/ .set_index_list 5

��) ��-,�� [ �
� X ��f3��� a�,�
� �� �-# <�-� 4/ ��� 43-�N�!�-&.; � �P� � � I�`� �� 5 h�"� ��� ��& O:

Sets : 

vendors / 1..5 / : demand ; 

Endsets 

max_demand = @MAX (vendors (i) | i#LE#3 : demand(i)) ; 

4+,P� ���:� ; ��G�	) 5 �-��� ; � "demand ";�)n43-�N� I%� -f3 "vendors "�|�^�� �� ��"max_demand "

� ���#k!/��.

@MIN(set_name[(set_index_list) [ | cond_qualifier]]: expression) :���:� �*��' 5 >)�� ; �

expression %� ���43-�N�set_name E�& �� 4/cond_qualifier � g�6!� [FK�� 5 ���/!��/ .set_index_list 5

��) ��-,�� [ �
� X ��f3��� a�,�
� �� �-# <�-� 4/ ��� 43-�N�!�-&..��� ��& O �P� � � I�`� �� 5 h�"� ; � :

Sets : 

vendors / 1..5 / : demand ; 

Endsets  

min_demand = @MIN (vendors (i) | i#LE#3 : demand(i)) ; 

4+,P� ���:� ; ��F=-/ 5 �-��� ; � "demand ";�)n43-�N� I%� -f3 "svendor "��^�� �� ��"min_demand "

� ���#k!��/.

@SUM(set_name[(set_index_list) [ | cond_qualifier]]:expression) :� ��:� J-�N� 5 >)�� ; �

expression %� ���43-�N�set_name E�& �� 4/cond_qualifier � g�6!� [FK�� 5 ���/!��/ .set_index_list 5

�) ��-,�� [ �
� X ���f3��� a�,�
� �� �-# <�-� 4/ ��� 43-�N�!�-&.4+,P� J-�N� 5 � � �-��� 5 g-
 I�`� 4���� �� "

demand "��)�n43-�N� �#D -f3 "vendors "��^�� �� ��K� ���#k!��/.

K = @SUM (vendors(i) | i#GT#2 : demand(i)) ; 

�4���  !�&"
)��!2	���;�(:

�� � >)�-�!���%�% ��= �  X  >*�%��/ �
� �� ���%�# X  % ��!� ;��K� ��!� ���& �� � � J�-
� % ���/!�
-&:
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@ABS(X) :9�"� ��* ���:� 5 >)�� ; �X� 2�P
 ��!���.

@COS(X) :}-��B/ ���:� 5 >)�� ; �X� 2�P
 ��!2D �� 4/ ��� 5X��� 2� ��� hB' �) 4 %�� X .

@EXP(X) :�� ; ��.
 ��3 5 >)( e=2.718281… )2�-� 4) ��X� 2�P
 �� 2D ���:� % ��
���!���.

@FLOOR(X) :��3 O��6 ~	� ���:� 5 >)�� ; �X� 2�P
 ��!���.

@LGM(X) :5 >)�� ; �K�A( M� ��7� ���:�!���G >)���X� 2�P
 ��!���.

@LOG(X) :K�A( M� ��7� ���:� 5 >)�� ; �!��3X��� 2�P
!���.

@SIGN(X) :��3 ��H3 5 >)�� ; �X� 2�P
 ��!��� .�G�X��3��G� % X  ���:� >)�� 5 �&�) �A`�X��3����!

��� ���:� >)�� 5 �&�)!� [FK�� �� X !��/ .�G�X�& ���-# ��6 �)��) M� >)�� ���:� 5 �&�) ��6 �)��).

@SIN(X) :}-��� ���:� 5 >)�� ; �X��� 2�P
!5 2D �� 4/ ���X��� 2� ��� hB' �) 4 %�� X .

@SMAX(X1,X2,…,XN):� 2�P
 �� 2D 4) ��& ���� ���3� ;�) �� ��3 ; ��G�	) 5 >)�� ; �!���.

@SMIN(X1,X2,…,XN):F=-/ 5 >)�� ; �� 2�P
 �� 2D 4) ��& ���� ���3� ;�) �� ��3 ; ��!���.

@TAN(X) :���:� 5 >)�� ; � �
�t
��X� 2�P
 ��!5 2D �� 4/ ���X��� 2� ��� hB' �) 4 %�� X .

��
C$� ��8�D  !�&":

� s,P� �� ����^�� J-
 5 ��^�� %���* >)�-�!���/ .�� ����^��Lingo 5 d�
 Y�1 8�-6 4) 5% 4��-�1%�B� ��G�	)�

� Z �K� ��6!�
-& .��-6 ��!��^�� 4/��7 � < ��& 5�4�&��)F �� 5 �&�!� ������� � � >)�� ���= ��!M��/ :

@BIN(X) :��^�� 5 >)�� ; �X� � �A� X  % ��6 ��^�� X  4) ��!�� % ��/������	 � 4��
�)���)��/ O��6 ��3

����.

@BND(lower_bound , X , upper_bound) :��^�� ���:� 5 >)�� ; �X�� ��G�	) � ��:� 4) ��ndlower_bou %

�� ��F=-/upper_bound � �%���!��) ;� �1 �' % C�) �' >*�% �� % ��/�� ;��K� ����^��!��/.

@FREE(X) :��^�� 4) 5 >)�� ; �X� �����!��� � ��:� 4/ ���!���D ��^�� X  4) �� ��^�� 5 >*�% �� % ��/ ����#� M�

� � �A� ��H3 ��!��/.

@GIN(X) :5 >)�� ; �4)��^��X� ����� <:
!����� �� % ���7) O��6 � ��:� 4/ ����	 � 4��
�)�O��6 ��3

���� ��)��/ .
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�����  !�&"
)��!2	���;�(:

���# >)�-�!���*�) 2�F�� 5 >*�% ���E�A���Lingo ��� �
 % ����	
� ��
 � �� �) �� ��� �
 ��A* ������!�� ����BG 4��6 5

��F
�) 5�H(���3!%...�� X  % ��-�
 M���
�
��� 8�
�F��!�& 4) ��� ���* �� ����#� �� � � L!����:

@DUAL(variable_or_row_name) :��� 2�G%� � ��:� 5 >)�� ; � 2�-�3 4) �� ��& ���� �"� �  ��^�� �) �j�

�%�#!� �� 4)!���.

@FILE(‘filename’) :� ����� �� 4) 5 >)�� ; �!����� �� �� �� �� ���� 4/���� �
 �� 5 M���-,) 4/ I������!


�-#��
!M��/ .Lingo ���
� 4) 2���� 2��� �� �T
 ��-� � �
 �� ���� 2�
�-# 4)���H3 4) ��-#�) �  � �
 "~"� 4����!���.

@ODBC([‘data_source’[,’table_name’[,’col_1’[,’col_2’…]]]]) :��) 5 >)�� ; ���f3� ;�
�G�

��F
�) �� �� ���� � ��:� �  43-�N����3H(�!���� ��)��/.data_source 5 �T
 ��-� � �
 ��
table_name ���� ���& I%�� ��


��3H(� X
�) �� ��!%col_1 52-�� ��
 ) ��
-�� � !(�� ���� 4/ �����
��� ���* 2D �� 5 �T
 ��-�.

@OLE(‘spreadsheet_file’[ , range_name_list]) :��) 5 >)�� ; ��;�) 8�3H(� I��A�Lingo ����	
� ��
 %�

��
�� ����BG 4��6Excel � ��/ 4)!�%� .spreadsheet_file 5% �T
 ��-� � �
 ��
range_name_list ��%��� �  4���� ��
 5

��4/ ��� 4��6 2D �� �� ���� ���G ���* ������� ��-� ��� ���*��.

@POINTER(N) :��) 5 >)�� ; ��� -1 4
�,)��/ �� ��������Lingo 5(Dynamic Link Library)2�F�� % ���

� M���
 �� 8�3H(� ; � �� M�:�B� �������!��/.

@RANGED(variable_or_row_name) :���:� �  _�� >)�� �� ��^�� X  h �� �� ��N� Y��/ ���:� 5 >)�� ; �

��N� Y��/ � 2�P
 �� �"� X  ���� ��� ������1 ��!���.

@RANGEU(variable_or_row_name) :���:� �  _�� >)�� �� ��^�� X  h �� �� ��N� Y �	
� ���:� 5 >)�� ; �

� 2�P
 �� �"� X  ���� ��� ������1 �� ��N� Y �	
�!���.

@STATUS() : ��
 ��K�% 5 >)�� ; �!4) �� I�� X  �' �� D�
���/ 8�-6�� 2�P
 � �!���:

>)�� �/@STATUS()��B�� 

0����� 4���)�:��� ��& 4�
�  I�� 4���) �'.

14�-��
 :
�& 4":
 ���!��)�����
 �-�% �� � �%��� 4) 4�-� �) I��.



���������	
� ��
 �� �������Lingo 

2�%����
 :� _�� >)��!� �%��� ��� 2%�) �
�-�!�-& 4
���.

3s,P��
 :) 5 �' �� D�
!��� ��
�� 4N��
.

4eeeeeeeeeeeeeeeeeeeeeeeeeee 

5
�%����
 �  4�-��
 :���� s�,P� �%����
 �  4�-��
 �� I�� 5 ��
����1 Y�1

���.

6
��� 4���)!:��� 4���) a�-�!a�-� ��� ;F�� ��� 5 ��� ��& 4�
� 

���) �&�) �-�-�.

7
��� 4�-��
!:
�& 4":
 ��� ;F�� 4=�G�!-�5 �&�) �-� ��� Lingo 

4) ���* �B�
 2D ;�
� .

8Z*-� :)�����!��) �T
 ��-� O"� 4)���� ��& ��N
� 5 _�� >)��.

9
�"#���3�:F �� ��P
 Z �K� 8��A3 X  �-�% �(�# 4) 5 �' �� D�
!

��� ��& Z*-�� 5 ��� �%�����.

@TEXT([‘filename’]) :��) 5 >)�� ; ���
 I�:�
���� �
 4) I�� X  �' � �����!� ��/ 4)!�%� .filename ��
 5

� �
!� 4/ ���!�-& 4�&-
 2D �� � ��
 M���-#.

�&" ����� !) !�" E>�If��� 3��$�� F��(:

@WRAP(INDEX , LIMIT) :�-( �� ��^�� [ �
� 5 >)�� ; ��� ���^�!��) ��& Z �K� % ��N� ��%��� �� 4/ ����

-�N����G ���* 43 .����� ���	 � 4��
�)�� ��%� ��=�K*�-� 5!� g����!� �� 4/ ��
�!X 5 �� 43-�N� >)�-� X�/ 4) M���-#

��) �� � �%������ X �M��� M��K� ��^�� .Gt % 4) 4�-� �) ���!�F��!�B� ; �Q[ �
� 4/ �-& �3�) ��� ;F�� J-�-� ; � 5 I

Z �K� ��%��� �� ����^�����
� �  ���)� �� ��&��-& ���# 43-�N� .���:� 4) 5 g-
 >)��INDEX ���6 a�f� 5!��LIMIT ��

�-(�� 4
���!% ��6 ;�) ��%��� �� 5 �6�' ��3 4/ ��/LIMIT ���G ���*.

@IF(logical_condition , true_result , false_result) :��& ���� E�& ���)� 5 >)�� ; �

(logical_condition))� ��� ��!�!��/ .(�& 8��A3 �G�!���:� 5 �-) ���� 5true_result ���:� 5 �-) <�$ �G� %
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false_result �%�# 2�-�3 4) ��!�!���.��)�5 I�`�� �%��� ��-6 �� 5 � �!4/"Y"�� ��G�	)v���:� 5�&�) "�setup_cost 

"�)��) ��mvv �6 �)��) 8�-+� � ��$ �� %� ���* �!��� .

setup_cost = @IF( Y#GT#0 , 500 , 0) ; 

@WARN(‘text’,logical_condition) :��& L�"� E�& 2�-) ���*�) 8�-6 �� 5 >)�� ; �(logical_condition)

� Y ��
 5 ���P� ��^�1 X  8�-6 4) �� 2D 4) ��& ���� ;�� 5!���.

@USER(user_determined_arguments) :�� ; ���) 5 M� >)�� -1 4
�,)��/ �� ��������Lingo 5(Dynamic 

Link Library)� M���
 �� 8�3H(� ; � �� M�:�B� ������� 2�F�� % ���!��/.

@WKX(‘input_worksheet’ , [‘output_worksheet’,] ‘range’) :��) 5 M� >)�� ; �����*�)�E�A���Lingo 

����	
� ��
 �)�) ����BG 4��6� ��/ 4!�%�.

I�`� :!�P1 4�-/)Knapsack problem(

MODEL:

SETS:
ITEMS / ANT_REPEL, BEER, BLANKET, 
BRATWURST, BROWNIES, FRISBEE, SALAD,  
WATERMELON/:  
INCLUDE, WEIGHT, RATING; 

ENDSETS 

DATA:
WEIGHT= 1 3 4 3 3 1 5 10; 
RATING =2 9 3 8 10 6 4 10; 
KNAPSACK_CAPACITY = 15; 

ENDDATA 

MAX = @SUM( ITEMS: RATING * INCLUDE); 

@SUM( ITEMS: WEIGHT * INCLUDE) <=  
KNAPSACK_CAPACITY; 

@FOR( ITEMS: @BIN( INCLUDE)); 

END 
�' �� [1:

Global optimal solution found at iteration:             0 
Objective value:                                 38.00000 

Variable           Value        Reduced Cost 
KNAPSACK_CAPACITY        15.00000            0.000000 

INCLUDE( ANT_REPEL)        1.000000           -2.000000 
INCLUDE( BEER)        1.000000           -9.000000 

INCLUDE( BLANKET)        1.000000           -3.000000 
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INCLUDE( BRATWURST)        1.000000           -8.000000 
INCLUDE( BROWNIES)        1.000000           -10.00000 
INCLUDE( FRISBEE)        1.000000           -6.000000 

INCLUDE( SALAD)        0.000000           -4.000000 
INCLUDE( WATERMELON)        0.000000           -10.00000 

WEIGHT( ANT_REPEL)        1.000000            0.000000 
WEIGHT( BEER)        3.000000            0.000000 

WEIGHT( BLANKET)        4.000000            0.000000 
WEIGHT( BRATWURST)        3.000000            0.000000 
WEIGHT( BROWNIES)        3.000000            0.000000 
WEIGHT( FRISBEE)        1.000000            0.000000 

WEIGHT( SALAD)        5.000000            0.000000 
WEIGHT( WATERMELON)        10.00000            0.000000 
RATING( ANT_REPEL)        2.000000            0.000000 

RATING( BEER)        9.000000            0.000000 
RATING( BLANKET)        3.000000            0.000000 

RATING( BRATWURST)        8.000000            0.000000 
RATING( BROWNIES)        10.00000            0.000000 
RATING( FRISBEE)        6.000000            0.000000 

RATING( SALAD)        4.000000            0.000000 
RATING( WATERMELON)        10.00000            0.000000 

Row    Slack or Surplus      Dual Price 
1 38.00000            1.000000 
2 0.000000            0.000000 

 

I�`� (2�F� 4��B��� !)� 2� ��P� ����:� Y&-1 �-�
 % �� 4
�#��/ ���'� �

MODEL:
! Capacitated Plant Location Problem; 
SETS:

PLANTS / P1, P2, P3/: FCOST, CAP, OPEN; 
CUSTOMERS / C1, C2, C3, C4/ : DEM; 
ARCS( PLANTS, CUSTOMERS)  : COST, VOL; 

ENDSETS 

DATA:
! Fixed cost of opening at each origin; 

FCOST = 91, 70, 24; 
! Capacities at each origin; 

CAP =   39, 35, 31; 
! Demands at each destination; 

DEM =   15, 17, 22, 12; 
! The cost/unit shipment matrix; 

COST =   6,  2,  6,  7, 
4,  9,  5,  3, 
8,  8,  1,  5; 

ENDDATA 

! The objective; 
[TTL_COST] MIN = @SUM( ARCS: COST * VOL) + 
@SUM( PLANTS: FCOST * OPEN); 

! The demand constraints; 
@FOR( CUSTOMERS( J): [DEMAND] 
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@SUM( PLANTS( I): VOL( I, J)) >= DEM( J) 
); 

! The supply constraints; 
@FOR( PLANTS( I): [SUPPLY] 
@SUM( CUSTOMERS( J): VOL( I, J)) <=  
CAP( I) * OPEN( I) 

); 

! Make OPEN binary(0/1); 
@FOR( PLANTS: @BIN( OPEN)); 

END 

�' �� [1:

Global optimal solution found at iteration:            24 
Objective value:                                 327.0000 

Variable           Value        Reduced Cost 
FCOST( P1)        91.00000            0.000000 
FCOST( P2)        70.00000            0.000000 
FCOST( P3)        24.00000            0.000000 

CAP( P1)        39.00000            0.000000 
CAP( P2)        35.00000            0.000000 
CAP( P3)        31.00000            0.000000 

OPEN( P1)        1.000000            91.00000 
OPEN( P2)        0.000000           -70.00000 
OPEN( P3)        1.000000           -38.00000 
DEM( C1)        15.00000            0.000000 
DEM( C2)        17.00000            0.000000 
DEM( C3)        22.00000            0.000000 
DEM( C4)        12.00000            0.000000 

COST( P1, C1)        6.000000            0.000000 
COST( P1, C2)        2.000000            0.000000 
COST( P1, C3)        6.000000            0.000000 
COST( P1, C4)        7.000000            0.000000 
COST( P2, C1)        4.000000            0.000000 
COST( P2, C2)        9.000000            0.000000 
COST( P2, C3)        5.000000            0.000000 
COST( P2, C4)        3.000000            0.000000 
COST( P3, C1)        8.000000            0.000000 
COST( P3, C2)        8.000000            0.000000 
COST( P3, C3)        1.000000            0.000000 
COST( P3, C4)        5.000000            0.000000 
VOL( P1, C1)        15.00000            0.000000 
VOL( P1, C2)        17.00000            0.000000 
VOL( P1, C3)        0.000000            3.000000 
VOL( P1, C4)        3.000000            0.000000 
VOL( P2, C1)        0.000000            2.000000 
VOL( P2, C2)        0.000000            11.00000 
VOL( P2, C3)        0.000000            6.000000 
VOL( P2, C4)        0.000000            0.000000 
VOL( P3, C1)        0.000000            4.000000 
VOL( P3, C2)        0.000000            8.000000 
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VOL( P3, C3)        22.00000            0.000000 
VOL( P3, C4)        9.000000            0.000000 

Row    Slack or Surplus      Dual Price 
TTL_COST        327.0000           -1.000000 

DEMAND( C1)        0.000000           -6.000000 
DEMAND( C2)        0.000000           -2.000000 
DEMAND( C3)        0.000000           -3.000000 
DEMAND( C4)        0.000000           -7.000000 
SUPPLY( P1)        4.000000            0.000000 
SUPPLY( P2)        0.000000            4.000000 
SUPPLY( P3)        0.000000            2.000000 

 

�����!� ����2����� ���Lingo :

•� 3,�' �) ���$���7 G
�H":

��G!�����A3 ���
C-(!�� � ���i�1 %!�� � 5����7��3 % ��	�
��1 ���K����A����!�%�' �� ��� ;F�� 5���G

�-( 4) �&�) ����/���� 4= �� �:�*� 	�
��1 �� 4F� � s�,P�!� ��) �  4�B)!�FP� ��/ 5 �-&!� �T
 4)!��� .��-6 ��!4/

�/ ;��K� M���-,)��� 4= �� �:�*� 5 	�
��1 X  4/ M�!� ��) �  4�B)!
�/ 5 �-&!-�� �� [.� % ���/ a�,�
� �� 	�
��1 2D 4/ ����

"Edit "4� 	G 5"Match Parenthesis ";F D 5 ��	)� ��-
 �� �  4(-)�� M��/ a�,�
� �� .5 ��/�-# �-( 4) 5 ��	
� ��
 5 8��' ; � ��

��1 �) �j���� 	�
��1� 2�P
 �� ��& a�,�
� 	�
!��� .

•I��$� �����, � ��� 3,�' /0:


�/ 5 I�� ;�&-
 �� [1!-�� �� 4/ ����"LINGO "4� 	G 5"Solve ";F D 5 ��	)� ��-
 �� �  "Solve "a�,�
� ��

M��/ .��-6 �� 5 ���' ; � ��! �"# 5 ��& 4�&-
 I�� 4/!��& ��$D I�� �' 5 �&�) 4�&��
 ��
 a�-� %!� ���� Y ��
!�-&.

•�;� �����,:


���!� �' �� I�� 4/!���� I�� 4/ ��� ;F�� 5 M��/��&�) �"# .�"# ��^�1 5 ���' ; � �������& 2D �� 4/ 4(-)��

�+�,� O��-� % �"#�� ���� Y ��
 5 ��� ��& 4�&-
 2D ���)��!�-& .��-6 ��!�"# ��-� �� M���-,) 4/���-� 5��P�) 8��

4� 	G 5 M���A) "Explain "� a�,�
� ����1 ; � �� ��!�-& ���j ��P�) 8����-� �� M��/.
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�F&p:�"# ��^�1 

•/0�
�4� B�@?7:

���"# >
� �� [1�4� 	G a�,�
� % �-�-� "Solve "� ��N�1 5�� ���j!Y ��
 I�'�� 2D �� I�� �' ��K�% 4/ �-&

� � 8�3H(� % ��� ��� ��& L�"� ��N�1 ; � ��:

	 � 4��
�) �T
 �� I�� J-
�"#!"# ��$ 5!% O��6 ��3 5.... 

 ��
 ��K�%!����� 4���) a�-� �T
 ���K�-� 4���) 5!%..... 

_�� >)�� ���:� 

�-) 4�-��
 2)��-6 ��!��/ g�6 ��� �%��� 4�� �� 5 a�-� 4/ � ���� Y ��
 ��6 ��3 5!�-&(.

���K�a�-� 4) 2���� �� �����F� 

��3H(�!J-
 ��-� ��Solver <�-� ��& 4�
�G ��/ 4)Lingo 2D ��-� �� h��"� � �� %

����^�� 5 ����^�� �/ ���K������^�� % O��6 ��3�"# ��$!

��� �%��� % ��� �%��� �/ ���K��"# ��$!

��� �%��� �) �j���� h ��� % ��6��$ h ��� ���K��"# ��$!

� �)-��/ hB' �) ��& ������� 4T
�' �/


���!M � ����� a�-� 4) �� ���P/ I-( 4/.
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�F&n:�' ��K�% ��N�1 

•��J� B�@?7
/0:

 ��
 ��N�1 5 I�� ���/ �' �� [1 5 �' ��K�% ��N�1 �) �%H3!� ���j 5 ����)�-� 4��/ ���& 4/ �'!�-& .�"� ��

��F� ���K� 5 ��N�1 ; � I%����� ��
 a�-� ;�
�  �� ��C!�� % ��
 ���:� 5 �%� �"�!��� ��& ���� 2�P
 _�� >)�� .; � 4���� ��

��������1 �� M3� � ��:� 4��/ 5 4��6�����^�� � ��:� % �-�K������� 4) I-�N���� ��& ���%D 5 ��
D Y��/ z�
 .z�
 �� �-T��

� 4� �� 5 ��^�� �� Y��/���) �� 4/ ����M ����.) � �) a�-� 2%�� 4) ��^�� 2D �� �'�% X  �� �%�% . ��
 �' 4��6 4���� ��!

F�/ ��^�� ���:� ����� 4) ���"� �� X  �� ��
 5 M� I��!��� ��& ���%D 5 �"� 2D �) �j���� 2�G%� ��^�� % �"� 2D �) �j���� .�)

4� 	G a�,�
�"Save As … "-�� ���"File "�! � 2�-��%�# ;!��/ ���#k 4
�G��� � �
 X  8�-6 4) ��.

•��� #$��K �?��7 � 3,�' 1�! L 3,�' B�
�M:

����	
� ��
 � �� 4)�P��-�� �� 5 �%�� % ����"File "��	
� ��
Lingo  �� 4� 	G 5!��)�I�� X  �#��
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