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Abstract  
In this paper, the continuous Ant Colony Optimization Algorithm (ACOR) is used to investigate the optimum 
operation of complex multi-reservoir systems. The results are compared with those of the well-known Genetic 
Algorithm (GA). For this purpose, GA and ACOR are used to solve the long-term operation of a three-reservoir 
system in Karkheh Basin, southwestern Iran. The solution must determine monthly releases from the three 
reservoirs and their optimum allocations among the four agricultural demand areas. Meanwhile, a minimum 
discharge must be maintained within the river reaches for environmental concerns. Review of past research 
shows that only a few applications of Ant Colony have been generally made in water resources system problems; 
however, up to the time of initiating this paper, we found no other application of the ACOR in this area. 
Therefore, unlike GA, application of Ant-Colony-based algorithms in water resources systems has not been 
thoroughly evaluated and deserves  serious study. In this paper, the ACOR is stuided as the most recent Ant-
Colony-based algorithm and its application in a multi-reservoir system is evaluated. The results indicate that 
with when the number of decision variables increases, a longer computational time is required and the optimum 
solutions found are inferior. Therefore, the ACOR would be unable to solve complex water resources problems 
unless some modifications are considered. To overcome a part of these drawbacks, a number of techniques are 
introduced in this paper that considerably improve the quality of the method by decreasing the required 
computation time and by enhancing optimum solutions found.  
 
Keywords: Ant Colony Aglorithms, Genetic Algorithms, Multi Reservoir, Optimization, Application,  
 Operation. 
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 ��&	� -��	 � ����= �� ��&	� � ���5�E� s�C� B ��X(  ��0 4��A�
 1I ���./0� .���� 4���'� ��C�;  	  ��2( �X��� �� �� 	�� �� !���0

 ��`��� � !����5��F �>���C� ���  p�%��A� ?��'( 4����-'� B4-��A�
 ���  �� ����� ���� ���� ?��1= !�� ,��f�� -��� ����&��� oX/A� 

�� ��I .��1��O�P ��(�  :����CF �� ����� �� ]�F	� �0� �;�1 
 ��  4� ?= � �1I :/��0 	/5�  �U 	� �� !1�� ~#��U Y�� 4���C(

 :/���_#� !�� ~�P �� ��	� �� �	�� .� !��> �'/���0 �CU ?= �F
 :/����_#� �� !�����  4���� �� ��� � ����  	���	3 ��� ��  1����� 4���C( 

�	�� ��	� ���./0� ���� �;�� � ����� �;� �� ]0�C� !���E�.

q;����. ��B�#�� ;���7 ���#�B6� )ACOR(
:/���_#�ACO ���./�0� "���� ���E� !�	  �/�����/&�0 x� �� 

�� 1C� .�� �/��� ��/&�0 ,�;.�ACO 	�� ��� �0� ���G �� �  
� ��  �1�I o��	E� ���  �� :�'%� !��	��/� �� ,�1� �%�A5� ��1�E

 �� :��
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7n ��� �� ,�1�� 	�� "��A/�� D��'/=� ��� �0� �1I :��
� �'�� 
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 �1�O�P �0� r'� ���G 
� �  �X��� 41I 	�:�� ��(�  ���� !1C 
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!���3 !�� ��  1���& ����R1���'� ���	= ��
�
= ��1�(� �� .��
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�_���� � �I�0 D�0 �� 8nnl /0� !�	  �0�� | �� Y� �� ���.
 ���'� ��;C5�P �� !��/&�0 �CU ��f�� 1��� ]87[.�0�� | ��� x�� �

1E  x�!g��� ��
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�;.��� �� ��!R�  !I�� �1����� ��	�� �B�I ��� ��	/5!1�C���& 

B�I���#� �� 4� 1= �� ~�  ~��F �� ?�= 4��/3� 	�� �(�  1����
��I �X�� �C�; .
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 �  1�1� "��� x� 1E  �X=	� �� 1���& ��	5� ����� �� �� ����G
 �0�� | �� �� ���./0� �  1I��� 1��#�� ����I .�0�� | ��� ���1���  
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4���	3 �� ACO 1C� �� ��/3� .��-�  	/����P �� ��1
� �U 	� 	��
 �(	�0 B1�I�  ����P :/����_#� ����	_'� ��� 	�� 1��� .	���A@� �	��

 :/���_#� �� 4���	3ACO ��	�� 	�a`�� ���� �� �1� 1CX  �W3�= B
���I �� �;X= �	�1  41I e���	3 �(�  � 1�� �� .ξ��ACOR

��� ��	�� 	�a`� ��� �� :/���_#� �1� 1CX  �W3�= -�� ��(�  � 1���
�� 1 !�;X= �� ��I �� � 1C�I�  �/�I�� !	�/'� "��A/�� D�'/=� B	�

�� �;�� 41I ��P �(�  �f�/� ��I ]87[.
"���� H��0� 	�  1��1� "���� 1��#�� !�	  D�=Sl�1�( x��

 D��	� �3��%�� 	#�� �F�  e�� �_���� � i
ls����E� j�	���� �

i
lσ:�'%� 	��/� !�	  i�� ,��� 1�# ���I ]8M[.1��#�� �1�( ��1�
�

 	  1�1� �1I 	��/� H�0�i��  1���& ,� .�'� !�	  ��F ��n	��/� 
��	<�����I 1�#�� :�'%� !��	��/� ��XF !�	  "��� Y� �� ��	� .

�U��� �� �<� "�A/�� ?G�= �1I 1�#�� "��� ���0.��� ��	r� � 
 ��1E� �  ,�f��	0 B�U��� 	� !�	  �X=	� ��U��� 1��1� "���� B���

�� �3�+� ��I�� �  � 1�#�� ��I .!���0 ]��	� �� �P B����� �� ?��
 B�; ���k� �	�&� 	�	  "��� �
 ���� ��P ��I.

1 Roulette wheel  

 �  ,�R ��#�_�� �����'� �C��� �U 	� �0� ��+�� | ��� ?r�I !�
 �  �� B1 �� ~��� �0�� ��; ��� ���'� ��1C��	P 4�-�� 	_�� ����@(

 �	  ��I�� �� :�'%� 	��/� !i��  ~��� �� 1= �� � 1 �� ~��� ,� 
	���/� !�	�  ��� !1�1� ��1
� 	� |��� 4� �� B1C� ?�� 	.G �'0

 :�'%�i:�'%�� 	���/� 	����
� 	�_�� � �5�� ���I 1��#�� ,� i�� ,� 
���/���� ��  :�'%�� 	���/� 4� ��  �@��� ?�= � ���  1���& ��I��

1�0� 1���&.
� Y�	� "�A/�� �  B�CO'� �0�� | ��� �)� !�	�  D��� 4��C(

 :�'%� 	��/�i"���� � ,� l| ��� B)(xg i
l(1��1� "���� 1��#�� �

�  � BD��	� |���� �  �3��%� �1( ���G | �� B1�� R�  �� �F �=	I
 �  ?�	� �0�� �� ���� 1�� .��  ?��	� ��0�� | ��� �� ��	 �C  ���>

 �'� ���./0� :�
/��  ��I 	�� 1��#�� !�	�  ���./�0� ����� e�� ��rX
 ��(�'f� !�	�  �� ?�	F �0�� | �� ��& �  �� 1�1� :�'%� 	��/�

 ���� 	  �� �; ��� .4�'� �� �� ��> ����� S
3 �	.C� �0�� | �� :����
 ��� ��
� x� 1�#�� � ����  1���& :' .�1�CU /�I�� ��  B��	 �C 

 1�#�� B,�1�	� �  4��� 4�� � �0�� | �� �� ���./�0� ��  1�1� "��� 
�� ?<I ?�	� | �� �  D��E� �/�E+� �� �U��� 	� �	��.

:/�����_#� �� 4�����	3 4�-���� !����0 ,���_C; ACOR�	���&� ���  
,��f�� "���� ���I�� �� o�E�+ !��; ��� jJ�= � 	��	  !�; ���

�� ,�_C;  e�� �� �� ��I ~���� S0�� !��0gj��1��1�� �h�� 
D�08nn8 :/���_#�PB-ACO1I ��;C5�P ]8N[.

�� ��	> �0 �  :/���_#� �'��& ��I ,�f�� 1����:
7k�3	5�P ,1( ::�� � �5� ��I�� �� ����� !�; ��� ���'� �CE�

 �  1��I ����./� �X@� !�; ��� �  �1I 1�#�� 1�1� "��� �� ����G
1I�@� .�E+�� �C�;  x� �� :/���_#� �0� r'� ����B� 1�C� 	�� 

r� ��1E� �  ����& ��#�= ��� �� 1���/  B 4��� �J� � �#��/� !����	
 :/���_#� �� !�� � 	f� � �X��� *�� H�0� 	  �� ��I ��� B�� 4����

 �	  �P �;�� �3	5�P ,1( �  .� ��� ?�#� �'� �� ���'� ^	�I 4����
 �  �� ����Gt�� 	/'� :/���_#� �3	5�P B��	r� ��  ε4� �� B���I 

��I ,2(� 4� �'��& � ���@� �3	5�P �  ���� :/���_#� ���G .
8k����	r� ��1E� :�� �� o��� ^	I �%�A5� ��	�r� ��1E� �  4���

 ��� ,�f�� .�� �� ����	r� ��1E� ��  4��� S��	�I �� � �� 	f� ����G
��'� pA5� �X���.

LkpA5� ��1
� �  41�0� :����  41I �	_'� �� �� :/���_#� 4���
��� ����� �%A5� ��1
�.

S��#�� ;�6�<� :;:
¦ F9�� �9�G� 
 �&	F -�	 � ���=�:��
� §��# 4�	�� !q�#��1�� �XF !1C B��K-� 

�  H��3 ��X& -�	 � ���= �� �� ��'I 1��� .��  D�'�I �� ����= ���
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 4��	�0gd� 4��� D-�� ���&��� ���= �  B	/��X�F h���  B	/���X�F 
�	� ���&��� ���= !��Ud�t �� ����&��� ����= ��  B	/���X�F it� 

���&��� ���= �  � 	/��X�F Z�	�( � 4�	��� !�	� !��tdt 	/���X�F 
�0� .&�� �� �&	� ���&��� -�	 � ���= �E0� ��1�= 4�	�� \�& ?

tdtg� | 	�	/��X�F �0� ��1�= ��F hhv�i �� 4� |� 	�	/��X�F 
� �/I�� ��	� ���/���F �>�C�d��th �I� �� 4� | 	� 	/��X�F ��

�������F ���� ?�<5��� ��� 1���� .�&��I ���&	F ����&��� �X��G� !���
���@( �����&��� � �	'�0 B4�<5F B�0 �	� B"��0���� ���&��� �� 1�

 = �� �&	F ?�� �� �	'�0 � 4�<5F ©��&��� �� ��2� ?�� ?G�3 1
:�WE#� ��� "��	� �  4� ��XA� .
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� 	;��I ��� 	} D�'��I ���&	F �����&��� !�� 	��  Y5��'�1� 4�/��0� ��

 4�/0��& �0� �1I |��� .10 �� *�.��� dg� ���� D��> � 	�/� 4�
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 B4� ?��h�� 4� !	��_ � � ��0� ]�Er�	/� 4��X�� �';  �� ���� 
dh�� �0� �1��	� ��}� .�� ¤�1=� j�1��4-A�B� D	/CF :�WC�
4��	� �&	F ���&��� "� ���0 !��� ���WC� �� `��+��� "� ��
�I� � ��}�  � ª����� B�#��0�� B4��� ?��I ?P !�P !�� ��CO'� 

H1� B��1�'= !�;/I�BBH��@( ��I� B4������� �I� ��( � ��r3
 � e�& �	  !q	�� 1�#���� �X%�3 !�; 2��0 D	�/CF ��CO'� � � 

�P �  ����� �����& �� !	���X����0� ���  �0�.

��  ���0 !��10h�!�� 	�  ,2��� 4�/�0� Z	�I !	/���X�� 
�� ���5E� sC� � �	'�0 ���&�����,	�& !	/��X�� ��� � !�� 	� 
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���3 �� ���C� ���5E� �  ��0 4��A� ����E#��� ��X=	� �� � ����  

/3	_� ��	� �&�0�1��]8b[.
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��  4��A� �'� !�	  ���� �#�� �� *�	I �	�&� :f= 4�-�� ����G
 �� ��E� ��f� !��3 �� �3��%� ���I .��  ��  ����&	  �� �XF���>

 ���./�0� ��'�	� �=2G� e�� �� �;I�� ��XF �� ��f�	�} !�; ���
�0� �1I .:�'%�� !���	��/� � 4-�A� 	�� �� �	��&� :�f= ?���I

 �
�C� 	� �  p�%A� 4�-�� �0� 4�'� ���1�E� 1�I ����I� ��F ��>
 	 �	  �;��LmMl ��  1���& D�;f� 	��/� .����� ��1�E� ��  ����� �� 

 ��1�O�P � :�'%� !��	��/� �X��� !��B¢�� ��  ���� �;I�� �� Y�
 �X�� �C�;  ?= /3��1C/���.

�1��O�P :/���0 �CU ?= !�	  ��C�;  ��F !� D��> �� �� !���0
 �  4�<� � 4��� ���G�� ,�f�� �f<� �r'� 1�= �� �0� ,�R B1��

 ����& �3��%�� ��#�= �� ���#�� ���I�� � D1�� *�	�I ?= ���I �
��I Y'F 4� ��E� �� :/���_#� .4���� ~��� �(�  ��F �� ,�f��

 1I 1���& �C�;  ��
� �  41�0� �� j�	��� ~��� �.� ��/�0� !�	 
 �  ������ �� ��� �1� ����� D1� x� �� �31� �CU � -� �K4� ����

 ��� �/3	� �	;  B1I 1���& ���I� ���I .���#�� ���I�� B�/�0�� ��� ��
)��#�� ��E'� (�1� 1CX  D1�B�1�� ������ D1�� ����/� �  ���� �  

�� �/&�0 ���I .D1�� �� 	�� !�	�  e�� ���GA �ACOR�����
�0� �/3	� ��	� ���./0�.

e�� �� ���./0� �  �1� ����� D1� ?= !�	 ACOR � ���  �1/1
�  :/���_#� !��	/����P 1��I :�WC� ��� .	/�����P ��ξ�q4�-��� 

��� D	�/C� �� �_����'� !�f/��� � ����	_'� �(	0 1�CC�.	��� 
�� �� ��1
� B	/����P 1I�  �1�� ���� B� ���	_'� �(	0 ~��-3� 

��I�� 1����& ��P �� �� ��X�� !�f/�� !��3 ~��� .���F ���B
�� ~��-3� �� �X�� �C�;  �� ��	��/� 4��/3� 	�� 4�r�� ��r( � 1��

 �� � �1�I ����	_'� �(	0 1= �� ~�  ~��� �(�  -�� �X��� ��
 1C��	3 �1CC� ��	'� !��	��� �_C�;  �� ��f�� 1CF .��  ��  ��� !���>

 	/����P ~��-3�qB�C�;  	�} �>�C� �'0 �  �X�� !�f/�� 4�-��
 �� �E0�� �� 1� �� ��C�;  	���� 4���'� ����'� �� ���& ��� �B!	�a� 

�� !�� 	  "�X���� ���J�.
�  ���� �  �X@� ��� 	f� :/���0 -��� � ��+��� |� ��� !�� 	� 
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 :/�����_#� !����	/����P 	�����
�ACORD�1��� � ����� MpA5��� 
1��	� ]88[.

x� D1� x� B�1� ����� D1� � ��0� � �5�� ��/&��0 ��  �#��0
 �X��G� D1��� ���  4� �����.�)�1��� 1��CX  (!�;#���0 ��1��E� �� ���;C�

�C�;  �0� !��0 .�����F D1�� B�_����� D��0 Y� ���� �� ���./0� � 
 4� ���/� � �1I �	�� �1�� �1�� 1�CX  D1�� �� ��#�� ��I�� 4��C(

 �� ��	� ���./0� ���� �	�� .]�0�C� !�	�  	�W� ����� D��0 "��A/��
 �	��� ��0� :�;� �1�� 1�CX  D1� ��#�� ��I�� �� �XG�= ���/� 4�� 

 ��  	�fC� �� � :�F �� � �	P D�0 "�A/�� � �1�I j���E/�	�} ����/�
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� ��� ��
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 1I ���./0� �1� .����/� �1�� 1�CX  D1�� ���#�� ��I�� ?�'<� !�	 
 �F D1� �C�;  �  �;#�0 �'� !�	  �1� ��� �� ��	<� � �a ���G B��I

 �3��%� ��#�� ��I�� �  ����
� �� ]��	� �� �  �B���#�� ��I�� Y�
 Y��-� Q�/@�� ��� ?�<5�� �C�;  "��� �  !	� *�	�I ���
� ��F ���I

 ��C�;  ?= !�f/�� !�	  �@0�C� ����  ��� "����� ���I .����/�
 �� 4�5� �0�	   �F 1���!	�����F �� �0����� 	�a`�� e�� ���

���� :/���_#� �� 	� ?= ���	_'� 4��� � �(	0.
�����F D1�� !�	  ���&��� 4��	� ��(2>� �1�� ��D�1�� N

�1�� �0� .� ���/� !�	�  Y��/�q :/���_#� � D1� �� �� �1�� �0�
 D�1� �� �1� ����F ����b�0� �1I ����
� .4�'� Q2@�� ��F ��>

 � �� 1I ���I� -�� � �5�� -��� x��/�q :/���_#ACORD1�� x�� �� 
�1�I ���./�0� �1�� 1CX  D1� ��#�� ��E'� �&�0 !�	  �1� �����

�0� .?�= 41�I x���-� �� :�� � 4���� ~���� �� :�� e�� ��
 	a�� ����  �C�;  ��
� �  *�	I�0� .!�	�  j1� | �� ��1
� �	/; 
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� -����� ?
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7nb*n8lbL/n]�E<�	/� 4���X�� ���0� .!�	���� �� ?�G�= ?�=
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���5E� 
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�� �� �� ���./0� ���� x�/�q :/���_#� !1�C 1� ���G
 ���@( 4� �1I "�A/�� ���;� !��	_X'( � 1I �/I�� �
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= 1����  

e�� �� �I	  "�A/�� B	�_X'( � ��/3�� �E�0�� ������ ]��	� e�� 
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