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1 Water Distribution System (WDS) 

Alperovits & Shamir 1997) �1�"4�451 �� . "#�	* )"*��	"P�A,
��(>��^
�"����"P
*� �	"��"0�	I ���9*�)PM"& )"� �"����"#	*��


""#� $%""& )""
6��	\.)""* �� )""��A� 8��""�, G�""# <vvtSavic & 

Walters�� �G�# TW<W Suribabu���G�# TW<= Moghadam 

and et al. �� �G�""#TW<X Mohammadi-Aghdam et al. 
)""* 1	1""���""(>� :�^
�""��
�`""�]T��""(>� ���""d� 1 J""��P1 ^
�=�
9*�)""� ��""#����Z -�""0���q��""(>� ��^
XDMPSO )""* �� ��""���
9*�)���#�)PM& �����1�"* �� /)$�	"* ��"� � .%"�� "� ���n"\ 7��"�

 
2 Genetic Algorithms (GA) 
3 Differential Evolution (DE) 
4 Particle Swarm Optimization (PSO) 
5 Dynamic Mutated Particle Swarm Optimization 
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1 Stochastic Nature 
2 Central Force Optimization (CFO) 
3 Probe 
4 Determinist 
5 Extended/Enhanced Central Force Optimization 
6 Multi-start Strategy 

7 Multi-start Central Force Optimization 

8 Inverse Transient Analysis (ITA) 
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9 MATLAB 
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Fig. 1. CFOnet process flowchart 
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Fig. 2 . Location of the double-loop network design 
(Alperovits and Shamir 1997) 

LG(�3)4�0 �� )PM& k	I ���A��+ ��
(Alperovits and Shamir 1997 
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Table 1 . Commercial diameters and the associated costs 
per unit of pipe length in a double-loop network 

(Alperovits and Shamir 1997) 
45���3)4�0 �� )PM& �� )>�> G�I %0�� )* |�*	� )���� � ���.1 ���	@B ��

(Alperovits and Shamir 1997) 
Cost ($) Diameter 

(inch)Cost ($) Diameter 
(inch)

501221
601452
901683

13028114
17020164
30022238
550243210


#�AP1 ��,OI� .�����7)>�> G�I J��& )PM& ��"�� JB�%"0 ���
$	3 �� -�; ����KA� � F�
!��*� 7�$	3 �� �d�41 ���� ����"�7

�� )PM"& ���n"\Kadu et al G�"# ������ a	
"#� �� 
"#� .
CHW �	*�)>�> -�A1 �"* 	"*�	* ��~�� �	"� .%"&~���".1 	"@B�

�	*�)>�> �����)* )� ���� ��+� )PM& 7�� $�	A���� )�� G�I %0 "� 7
)>�> \�� :20 	* ���G�%+ �� )�$%& $���� �	*�"�* .%���)"+�1 �"* 7

)>�> ��%?1 )* ��%?1 ��~��� >�A
0� ��!
����	*�0�	I���)PM"& 7
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���CFO �CFONet �	"*�9*�)"� ��"#�
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"#� �"* ����"� ����9�"�����
\">�� ��	"�* )")� ���D"�E1 	"����L� ��"��AE1�� ^�%& ��. 

Fig. 3 : Location of the Kadu network design  
(Kadu et al. 2008) 

LG(�3���� )PM& k	I ���A��+ 

Table 2 . Commercial diameters and the associated costs 
per unit of pipe length in the Kadu network 

(Kadu et al. 2008) 
45���3)>�> G�I %0�� )* |�*	� )���� � ���.1 ���	@B ���� )PM& �� �� 

(Kadu et al. 2008) 
Cost (Rs) Diameter 

(mm)Cost (Rs) Diameter 
(mm)

6,0925001,115150
8,1896001,600200
10,6707002,154250
11,8747502,780300
13,2618003,475350
16,1519004,255400
19,3951,0005,172450
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Fig. 4. Convergence graph of CFO and CFOnet for the 
optimization of a double-loop network 
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Table 3. Estimated optimum diameters for a double-loop network in different methods 
45���3)* )��9* ���	@B )4�0 �� )PM& ��	* $%�� 
#� b�� �� $�� 
#� �* �� F�
!� ��� 

Pipe 

Diameter (mm)
DE 

(Suribabu 
2010)

PSO 
(Moghaddam et 

al. 2013) 
SCE (Liong 
et al. 2004) CFO CFOnet 

1 18 18 18 18 18
2 10 10 10 8 10
3 16 16 16 18 16
4 4 4 4 8 4
5 16 16 16 16 16
6 10 10 10 12 10
7 10 10 10 6 10
8 1 1 1 6 1

Cost (Rs) 419,000 419,000 419,000 478,000 419,000
Evaluations 4,750 3,100 1,091 9,196 12,432
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Table 4. Values for the hydraulic parameters in a double-loop network with the corresponding optimum 
CFONet solutions 

45��f3%4�����	
����\���>��%�P�)4�0 �� )PM& �� ��9* ���+ �* 	e��
��)�CFONet 

Pipe/node Pressure 
(m) Velocity (m/s) Pipe/node Pressure 

(m) Velocity (m/s) 

1 Reservoir 1.90 5 33.80 1.14 
2 53.25 1.85 6 30.44 1.10 
3 30.46 1.46 7 30.55 1.30
4 43.45 1.12 8 h 0.31

Table 5. Estimated optimum diameters for a Kadu network in different methods 
45��d3��	@B�9*�)* )� �	* $%�� 
#��b�� �� $�� 
#� �* ���� )PM& ���F�
!� 

Pipe 
Diameter (mm) 

GA (Kadu et al. 2008) GA-ILP (Haghighi et al. 
2011) PSO (Moghaddam et al. 2018) CFOnet 

1 1,000 1,000 900 900
2 900 900 900 900
3 400 400 500 350 
4 350 350 250 300
5 150 150 150 150
6 250 250 200 300 
7 800 800 900 800
8 150 150 150 150
9 400 400 600 600
10 500 500 700 600
11 1,000 1,000 900 900
12 700 700 700 700
13 800 800 500 500
14 400 400 450 500
15 150 150 150 150
16 500 500 450 500
17 350 350 300 350
18 350 350 450 400
19 150 150 500 500
20 200 150 150 150
21 700 700 600 600
22 150 150 150 150
23 400 450 150 150
24 400 400 400 450
25 700 700 500 500
26 250 250 150 200
27 250 250 350 350
28 200 200 350 250
29 300 300 150 250
30 300 300 300 250
31 200 200 200 150
32 150 150 150 150
33 250 200 200 150
34 150 150 150 150

Cost (Rs) 131,678,935 131,312,815 130,666,043 126,535,915
Evaluatio

ns 36,000 4,440 45,150 259,476 
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Fig. 5. Convergence graph of CFO and CFOnet Algorithms for the optimization of a Kadu network 
LG(d3^
���(>� ���	(A� ����A� ���CFO �CFOnet )��9* ��	* ���� )PM& ���# 

Table 6. Values of pressure at nodes in a Kadu network corresponding to the CFOnet optimum solutions 
45��h3$	3 �� ���� 	���4� )��9* ���+ �* 	e��
� ���� )PM& �� ��CFOnet 

Node Pressure 
(m) Node Pressure 

(m) Node Pressure 
(m) Node Pressure 

(m) 
1 Reservoir 1 8 89.17 15 88.29 22 80.46 
2 Reservoir 2 9 91.13 16 82.06 23 82.71 
3 98.29 10 88.19 17 90.24 24 83.24 
4 95.06 11 86.36 18 86.33 25 80.05
5 87.83 12 85.12 19 85.36 26 80.00
6 86.18 13 84.65 20 82.95 

7 87.78 14 94.15 21 83.18 
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