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! Normalization Operator
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Table 2 . Commercial diameters and the associated costs
per unit of pipe length in the Kadu network
(Kadu et al. 2008)

U5t 3 o) b sty 4 byn 5o 5 5l slo B =Y Usdz sl 5o K5 55 ) b sy 4 by m a5 5 (5,005 sl - o

(Kadu et al. 2008)

Table 1 . Commercial diameters and the associated costs
per unit of pipe length in a double-loop network
(Alperovits and Shamir 1997)

(Alperovits and Shamir 1997)

Dl(::lrlnl;:ser Cost (Rs) Dl(z::lnlﬁger Cost (Rs) D}?ﬂf]t)er Cost ($) D}?:c'f]t)er Cost ($)
150 1,115 500 6,092 1 2 12 50
200 1,600 600 8,189 2 5 14 60
250 2,154 700 10,670 3 8 16 90
300 2,780 750 11,874 4 11 28 130
350 3,475 800 13,261 4 16 20 170
400 4255 900 16,151 8 23 22 300
450 5,172 1,000 19,395 10 32 24 550
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Table 3. Estimated optimum diameters for a double-loop network in different methods
;_&.l;:’«.odhuig))'\ o;\j@‘bé\&p&ié\x sl @bgwébjl:}—r d‘g.\?

Diameter (mm)

Pipe DE PSO SCE (Liong
(Sl;l(‘)llbél)bll (Moﬁl.uz'gi]?)m et 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

CFONet wep Clyx b bl lail> 55 & 55 (SJgsue lomalsly Jlaie =¥ Jyux

Pressure Pressure

Pipe/node i) Velocity (m/s) Pipe/node ) 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 - 0.31

Table S. Estimated optimum diameters for a Kadu network in different methods
cilisea (5\9013) Sheslanal b a8 4 (6 oael Covsas ag gl o8 -0 Jad>

Diameter (mm)

Pipe
’ Gananmw(“ﬁm%%mM“Lmom@mmManmm CFOnet
1 1,000 1,000 900 900
B 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
1 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
) 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
LATIELY 36,000 4,440 45,150 259,476

ns
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Fig. 5. Convergence graph of CFO and CFOnet Algorithms for the optimization of a Kadu network
938 s 6 5luang ) CFOnet 4 CFO éurlzui” s e a5 -0 IS

Table 6. Values of pressure at nodes in a Kadu network corresponding to the CFOnet optimum solutions
CFOnet 4.y u‘f L JJ;L;» ):\Sn&,ﬁ BY) Lm‘)fjb g% x:m-? d}-\’

Node Pressure Node Pressure Node Pressure Node Pressure
(m) (m) (m) (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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