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�- ,��
% +
/���% $�%��: =$�&.(Mohammad Rezapour Tabari 
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1 Covariance Matrix Adaptation Evolution Strategy (CMA-ES) 
2 Particle Swarm Optimization (PSO) 
3 Analytic Element Method (AEM) 

U,22* K��22W-5 ��22?� #��22�.(Mohammad Rezapour Tabari 

2015).
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4 Firefly Optimization Algorithm (FOA) 
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T!�U���* O< ���������?% �B .-�� #���Ackley-10D J��$�'�� �� +��3��� �- #�"PSO 4SPSO �FOA 
Table 1. Results of the Ackley-10D objective function minimization using PSO, SPSO, and FOA 

Coefficient of Variation Average (Z[\]∗ )Worst (Z^[_∗ )Best (Z^`a∗ )Algorithm
0.0272.88943.012.75PSO

0.32×10-153.55×10-157.10×10-150SPSO
1.37×10-132.63×10-131.18×10-121.51×10-14FOA

� ��M� (2� d
% 
" ������$ .��- ,"��: $�,2b* �2- (2����* @�2�
 iW�* K5 �- 
����* �," .-���*���(� d
% >�- �B&�  . @�2�i

d
% �- d� (�@��j>�1�$�% =�M�W* �- d�xd�xeH-�A* �2����*z
��
���*��� 

)z(rde �∥ xd * xe ∥� h∑ !xd,K * xe,K#MkKl�

K5 $� �T 
k� ,22�- {�,2��d2�* ��22�-� ��,22���d
22% �22% ��$�22& $� .!22�� �B

(� @��j@�j) d� (� d
% �� 
� @��id
2% !%
< �����* ,��- d�
id
% !?� �- d�j�- d� �����* =$�&v!�� 

)�(xdm � xd � βoe�qrst
L uxd * xev � αϵd

K5 $� �% 
xdm(� d
% �����c =�M�W* @��id
2% !?2� �2- !%
< �� {N d�

(22� @�22�j4d�xd(22� d
22% �22���� =�22M�W* @�22�i4d�βoK�122�*

 �B&�  $� !�-�j)r � 0 �γ�2* $�� @j) (�
S d�� d
2� .,2��-
(� d
% !%
< �� ���� $� d�2� d
� .!�� 
'�� d
% !?� �- @��

(� d
% � ��M� !%
< 
'���- �����* >�� $��
2- �2- �2% !2�� @�2�
 � ��M�ϵd�- �* iW�* !:���D� �� � U�*
� .���� =$�& ��� �

α$�,2b* .!2�� (� ��M� 
�*�$�N) � ��M� $��
- (�
Sα�2?�* E
���
'?" 
:5 O<�
* $� � +,� �� 

 
F� $� �� � 
3& >�- #�,I

 �," .-��,��- �2- K5 $�,2b* �2- � �2� �� 0"�2% ��$,2� 
32& !?2�
���1� 
���$�,b* �% ��$�& $� .�βo�2- �B�2�* 4,2��- 
3& 
-�
-

d�
 OD� � ��M� #�"n�* $� 
�*�$�2N .,�5γ($�2� @j2) (�
2S)

'?" !I
22� $� �22?�* 
�c�22� d
22% J��$�22'�� $�22� $ +�226� � �22��

(22� $�,22b* #$�22�� ¢�226� �� .�$�� @�22�γ�22* �22� 
322& >�22- ,22����
 
1 Random Walk 

�22- ) ,22��- !22����γ ∈ $0,∞# �22B?I O��22�* 
�22��- $� �22*� 4(
0.1 ≤ γ ≤ 9 �* �� 

 
F� $� ���(Yang 2010).
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Fig. 1. Flowchart of the FOA-MODFLOW simulation-optimization model 
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Fig. 2. Plan and zoning of the Kerman city ancient 
Mosque  
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Fig. 3. Initial locations of the pumping wells and the 
region designated for water table drawdown in the 

Kerman city ancient Mosque area 
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Fig. 4. Best objective function variation in the best 
solution obtained by the FOA-MOLFLOW model  
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Fig. 5. Groundwater contour lines in the study area 
obtained by the FOA-MODFLOW model in the basic 

state 
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Fig. 6. Groundwater contour lines in the state of 
reduction of the permissible groundwater table  
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Fig. 7. Groundwater contour lines in the state of 
increase of the permissible groundwater table  
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Table 3. Optimal pumping rates for two states of 

reduced and increased permissible groundwater table 
(m3/day) 
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Fig. 8. Convergence trend of the best objective function 
for the basic (triangle), reduced (square), and increased 

(circle) permissible groundwater table  
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Fig. 9. Groundwater contour lines for maximum 
pumping rate of 1,000 m3/day for each well  
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Fig. 10. Groundwater contour lines for maximum 
pumping rate of 2,000 m3/day for each well  
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Table 4. Optimal pumping rates for different maximum 

discharge rates (m3/day)   
Well No. Qmax=1000 Qmax=2000

1 966.04 2000
2 944.36 2000
3 1000 997
4 1000 -
5 971.54 -

Sum 4881 4997

�2< >�� $� \�k?N �
2!��X}}| - ��$ $� (�D* 
�*�2��22*5 !2+,
��/* !��< �- !/�� �% !��xzz ��2��� 0"�2% ��$ $� (2�D*
�*

 
-�
- 
�%�,< �-� !��< $� .!��zYYY ��,2�� ��$ $� (2�D* 
2�*
+�; ����- �"��+�2; >2�� C�?P* �-� � �bB< 
2-�
- �2"Xwwy �2P���

 !/�� �% +,� �2�/* !��< �-~Yx ��2��� 0"�2% ��$ $� (2�D*
�*
 OD� $� .!��||�� $� �,2" .-�2� $�,b* >�
��- ���
'?" $���?�

 $�,2b* >�
��- .!�� +,� +��� K��� ��/* !��< $��% $� $�%j* !��<
 
�%�,2< �2-� !��< $� �," .-��zYYY 
2-�
- ��$ $� (2�D* 
2�*

XXy4zXw4zwx 
�%�,< �-� !��< $� � U��$|YYY $� (�D* 
�*
 
-�
- ��$~|�4Xw~4|~} - U��$��2- 
���2b* >2�� .!�� +,*5 !��

 (��
�X|4|Y�4wx} � U��$|Yy4�Xw4}�Y �2�/* !2��< �� U��$
 
�%�,2< �2-� !2��< $� +\�
2N �2��
)� �2��1" >��
-��- .!�� 
���-

zYYY Z�/�
b� ��$ $� (�D* 
�* X|�2-� !2��< $� � U�2�$ K��B�*
 
�%�,22<|YYY Z�22/�
b� ��$ $� (22�D* 
22�* |Yy �� U�22�$ K�22�B�*

- 
���- ��/* !��<��* �P��� $� .!�� +,*5 !�� $� �2% !23
 K��2�

 �-� >� 

 
F�
�%�,< 
-�
-XYYY �� �2- !/�� ��$ $� (�D* 
�*
#��M�[� 
'�� !��< 
2�?% !��< >�� $� g
� ����� ���1" � +��- 
�

 �2* e��� >�� 
- .��- ,"��: 
 K��2� $�,2b* >� 
2
 
2F� $� �2% !23
 �2* \�2k?N �2-� 
�%�,< #�
- (���* �2��1" #��,2< �2� ,2���� #�2"

 �2)�� �2- ,2��- $�,b* >�� .,"� $�
[ ��: 
�c�� !6� �$ +\�
N ���
)�
�
_�� � K��W-5 7��
� �- +�2; #�" ��2)�* =�2��D*� � \�2k?N #�2"

£?N�
�D�� K��� 
�%�,< ,���* @�W��� ��)�* #�"��� 2& $� . ��$�
 @�2W��� +�2; 
2" !2� 
� 
2-�
- K5 
�%�,< $�,b* �% ��2� >�
2��- 4

#��M�[� 
F� �� !��<!��.

Fig. 11. Convergence trend of the best objective function 
for the basic (triangle), for Qmax =1000 (Square), 2000 
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