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RESERVOIR
210

2 N\ 1 { ;
GO —2) U,
7 3
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8 5

7 & 5

Gl dil> g Sl pl 4 gan S z,b (V-F) IS

Gl ail> g5 Gl pl et gl 05 51 Sy o Slasie (V-V) 5o

Node no. Ground Demand
level (m) (Ips)

1R 210.00 - 311.1111
2 150.00 27.7778
3 160.00 27.7778
4 155.00 33.3333
5 150.00 75.0000
6 165.00 91 6667
7 160.00 55.5556

Gl ail g5 Gl pl 6l gl o ) 51 e Jsb als anse 5 olil LB sl dlg) ple (V-Y)Jgo

Dhameter Unit cost Diameter Unit cost
(in.) (US$/m) (in.) (US$/m)
1 2 12 50
2 5 14 60
3 8 16 90
4 11 18 130
6 16 20 170
8 23 22 300
10 32 24 550
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RESERVOIR
-

2 3 4
3 4
5 o 7
9 10 11
(o 7 3
12 13 14
15 16
(10) u (1)

p9o (sl pl Sl (an, Sy )b (Y-Y) S
p3d Slopl A slo 0 3 51 S ya wlasuine (F-Y) Jga

MNode no. Ground level (m) Demand (LPS)

RESERVOIRS 100 0
2 30 15
3 25 23
4 18 23
5 20 15
6 25 26
7 20 16
8 15 20
9 15 4
10 10 9
" 15 26
12 10 16

A



B 99y 9 35l (Sl pl b &Sl b doe (b9, 0 pauw Juad

p3o Slopl 4l sl b Ayl 51 Sope Job aoly anje 5 Sl LB sle dlgd Lo (F-Y) Json

memotype value d (in) d (mm) Cost (S/m)
1 1 254 1.10
2 2 50.8 an
3 4 101.6 8.80
4 6 1524 16.17
5 8 203.2 24.89
6 10 2540 3479
7 12 304.8 4573
8 14 355.6 57.62
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Node Data Pipe Data
Minimum Minimum Demand Demand Diameter

NO- ‘Head (fy Head(m)  (CFS) Lps) |NO- Length(ft) Length(m) 7 )
1 300 91.44 Reservoir 1 11600 3535.68 180
2 255 77.72 924 2616.49 2 19800 6035.04 180
3 255 77.72 924 2616.49 3 7300 2225.04 180
4 255 77.72 88.2 2497.56 4 8300 2529.84 180
5 255 77.72 88.2 2497.56 5 8600 2621.28 180
6 255 77.72 88.2 2497.56 6 19100 5821.68 180
7 255 77.72 88.2 2497.56 7 9600 2926.08 132
8 255 77.72 88.2 2497.56 8 12500 3810.00 132
9 255 77.72 170 4813.89 9 9600 2926.08 180
10 255 77.72 1 28.32 10 11200 3413.76 204
11 255 77.72 170 4813.89 11 14500 4419.60 204
12 255 77.72 1171 3315.92 12 12200 3718.56 204
13 255 77.72 1171 3315.92 13 24100 7345.68 204
14 255 77.72 924 2616.49 14 21100 6431.28 204
15 255 77.72 924 2616.49 15 15500 4724.40 204
16 260 79.25 170 4813.89 16 26400 8046.72 72
17 272.8 83.15 57.5 1628.23 17 31200 9509.76 72
18 255 77.72 1171 3315.92 18 24000 7315.20 60
19 255 77.72 1171 3315.92 19 14400 4389.12 60
20 255 77.72 170 4813.89 20 38400 11704.32 60
21 26400 8046.72 72

Somse A Slopl sl b dg) 51 S e Jsb axly anse 5 Gl BB le dly) Lo (B-T) Jsor

No. D (in) D (mm) Cost ($/Ft)  Cost ($/m)

1 0 0 0 0

2 36 914.40 93.59 307.05
3 48 1219.20 133.70 438.67
4 60 1524.00 176.32 578.50
5 72 1828.80 221.05 725.26
6 84 2133.60 267.61 878.02
7 96 2438.40 315.80 1036.13
8 108 2743.20 365.46 1199.07
9 120 3048.00 416.46 1366.42
10 132 3352.80 468.71 1537.84
11 144 3657.60 522.11 1713.04
12 156 3962.40 576.59 1891.79
13 168 4267.20 632.09 2073.87
14 180 4572.00 688.54 2259.11
15 192 4876.80 745.91 2447.33
16 204 5181.60 804.14 2638.40
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Sl 8 Sl 4K o Wyl 5 Lo 0,8 51 S, o laseis (V1) Jyazr

Node Data Pipe Data
Node Demand (m’/h)  Node Demand (m’/h) Pipe Length im) Pipe Length (m)
1 (source) —19.940 17 865 1 100 18 800
2 890 18 1.345 2 1.350 19 400
3 850 19 60 3 500 20 2,200
4 130 20 1,275 4 1.150 pl | 1.500
5 725 P 930 5 1,450 22 500
6 1.005 2 485 6 450 23 2650
7 1.350 23 1.045 7 850 24 1.230
g 550 24 820 8 850 25 1.300
9 515 25 170 9 800 26 850
10 525 26 900 10 950 27 300
11 500 27 370 1 1,200 28 750
12 560 8 290 12 3,500 29 1,500
13 040 29 360 13 800 30 2,000
14 615 30 360 14 500 31 1.600
15 280 31 105 15 550 32 150
16 310 32 805 16 2,730 33 860
17 L.750 34 950

sl Slopl as gl b gl 51 S ym Jsb axly anie 5 ) el gl Sl BB glo aly) lo (A-Y) oo

Memotype Diameter Diameter Cost

value {1n.) {mm) {%$/m)
1 12 30438 45.726
2 16 406.4 70.400
3 20 508.0 98.378
4 24 609.6 129,333
) 30 762.0 1580.748
6 40 1,016.0 278.280

sl Slopl aed sl b gl 51 Soym Jsb axly a5 Yedb gl obil BB glo aly) nlo () ooz

memotype value Diameter (in) Diameter (mm)

Cost ($/m)

O~ DU e W N =

10
16
20
30
40
60
80
100

oY

254.0
406.4
508.0
7620
1016.0
15240
20320
25400

1.10

3.1
8.80
1617
24.89
34.79
4573
o762
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MaxNet+MinNet
Ft(x) = D (¥Y-Y)

Slopl A Slosl ase=f(x) 0als Mol Baa il = F(x)

Shd oy 355 b le gl b Sle pl aSs &las as 0 = MaxcostNet

g U3 o b Cepn b g jlre 0o 1 gl 0,5 JLid e Jlade o iy = Maxpenalt
3o 00g0e

s g al> o Slawi ey SLe = MaxG Jos gl pe 0 )les = N

Stols b = FE(x)

S S5 5o il pl aSis Slasl a8 oy i = MaxNet

Jos S il pl aSs Slasl 4 jo o 2eS = MinNet

Yool Mol o ali -Y

Fy(x) = MaxNet * M j1 (N \®
MaxNet+MinNet

Sl pl aSs lasl anse = f(X) suls ol ua &l = F(x)

S S50 Gl pl 4t Slasl e o yiios = MaxNet

g U3 o b Cepn b g e 0o 1 gl 0,5 JLad ez Jlade o iy = Maxpenalt
e 00gae
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1 3 2 3
W Ressure m &
1.46 1.14
m Velocky  rmis 53.25 43.45 30.44
3 5 7
1.85 1.12 1.10
O 4 '4 6 ﬂ6
30.46 1.30 33.80 0.31 30.55

e 2l o ol adls g Slu ] aSis o sl algd J5Is o ST lym g g (6l 0,5 Lid sl (1-F) S

7
457 .20
8 1 1 3 5 5
27.78 406.40 33,33 406.40 91.67
m Base Dermand  LPS
m [iarreter mm 3 5 7
254.00 101.60 254.00
2 4 4 6 6
27.78 254.00 75.00 25.40 55.56
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p3d ol Sd (s Sy )b (F-F) U
(0,5 3k 5,90 ,L28 wt"h_e‘fb e o 285 s o L (Y A
Sly o o)8 50 Jlad (e uizmen g o ) S0 50 OF by Ce iy (e g Lo Wy b lais
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A3l o VYA (B) bo gl 51 S o Jsbo aly atyse 4 4z s

Vadl> sl pgo ‘SsL.,).J Al i > gl Jols s (V-F) g0

Link Results Node Results
NO.pipe | L(m) |D (mm)]| D (in) C V (m/s) | Node ID |Demand (CMH)| Pressure (m)

1 1000 355.6 14 100 1.94 |1 Reservoir -193 0
2 1000 304.8 12 100 1.27 2 15 54.58
3 1000 254 10 100 1.37 3 23 51.2
4 1000 254 10 100 1.69 4 23 46.29
5 1000 152.4 6 100 0.89 5 15 32.22
6 1000 254 1 100 0.47 6 26 42.01
7 1000 203.2 8 100 0.88 7 16 37.33
8 1000 254 1 100 0.32 8 20 30.34
9 1000 203.2 8 100 1.34 9 4 42.76
10 1000 254 1 100 0.23 10 9 32.19
11 1000 101.6 4 100 0.55 11 26 35.43
12 1000 203.2 8 100 1.29 12 16 31.14
13 1000 152.4 6 100 0.87

14 1000 254 1 100 0.38

15 1000 25.4 1 100 0.37

16 1000 152.4 6 100 0.48
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Link Results Node Results
NO.pipe | L(m) |D (mm)| D (in) C V (m/s) | Node ID | Demand (CMH)| Pressure (m)
1 1000 355.6 14 100 1.94 |1 Reservoir -193 0
2 1000 355.6 14 100 1.36 2 15 54.58
3 1000 254 10 100 1.39 3 23 51.2
4 1000 | 203.2 8 100 1.32 4 23 46.29
5 1000 152.4 6 100 0.89 5 15 32.22
6 1000 | 203.2 8 100 1.29 6 26 42.01
7 1000 152.4 6 100 1.23 7 16 37.33
8 1000 25.4 1 100 0.37 8 20 30.34
9 1000 50.8 2 100 0.38 9 4 42.76
10 1000 101.6 4 100 0.62 10 9 32.19
11 1000 101.6 4 100 0.68 11 26 35.43
12 1000 | 203.2 8 100 1.29 12 16 31.14
13 1000 152.4 6 100 0.87
14 1000 254 1 100 0.35
15 1000 101.6 4 100 0.78
16 1000 101.6 4 100 0.33
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Link Results Node Results

NO.pipe| L (ft) |D (mm)| D (in) C V (m/s) | Node ID | Demand (CFS)| Head (m) | Pressure (m)
1 11600 0 0 100 0 1 Reservoir 91.44 0
2 19800 0 0 100 0 92.4 89.68 11.96
3 7300 0 0 100 0 3 92.4 87.23 9.51
4 8300 0 0 100 0 4 88.2 86.52 8.8
5 8600 0 0 100 0 5 88.2 85.88 8.16
6 19100 0 0 100 0 6 88.2 85.39 7.67
7 9600 | 3352.8| 132 100 0.55 7 88.2 84.61 6.89
8 12500 0 0 100 0 8 88.2 84.29 6.57
9 9600 0 0 100 0 9 170 83.42 5.7
10 11200 0 0 100 0 10 1 83.41 5.69
11 14500 0 0 100 0 11 170 83.45 5.73
12 12200 0 0 100 0 12 117.1 83.84 6.12
13 24100 0 0 100 0 13 1171 84.75 7.03
14 21100 0 0 100 0 14 92.4 87.03 9.31
15 15500 0 0 100 0 15 92.4 89.4 11.68
16 26400 | 2438.4 96 100 0.24 16 170 79.25 0
17 31200 | 2438.4 96 100 0.97 17 57.5 83.15 0
18 24000 | 2133.6 84 100 0.66 18 1171 79.59 1.87
19 14400 | 1828.8 72 100 1.18 19 1171 77.72 0
20 38400 0 0 100 0 20 170 79.45 1.73
21 26400 | 1828.8 72 100 0.87
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Link Results Node Results

NO.pipe] L (ft) |D (mm)| D (in) C V (m/s) | Node ID| Demand (CFS)| Head (m) | Pressure (m)
1 11600 0 0 100 0 1 Reservoir 91.44 0
2 19800 0 0 100 0 2 92.4 89.83 12.11
3 7300 0 0 100 0 3 92.4 87.6 9.88
4 8300 0 0 100 0 4 88.2 86.96 9.24
5 8600 0 0 100 0 5 88.2 86.4 8.68
6 19100 0 0 100 0 6 88.2 85.98 8.26
7 9600 0 0 100 0 7 88.2 85.33 7.61
8 12500 0 0 100 0 8 88.2 84.41 6.69
9 9600 0 0 100 0 9 170 83.78 6.06
10 11200 0 0 100 0 10 1 83.77 6.05
11 14500 0 0 100 0 11 170 83.82 6.1
12 12200 0 0 100 0 12 117.1 84.28 6.56
13 24100 0 0 100 0 13 117.1 85.27 7.55
14 21100 0 0 100 0 14 92.4 87.73 10.01
15 15500 | 3657.6 144 100 0.91 15 924 90.27 12.55
16 26400 | 1828.8 72 100 0.31 16 170 79.61 0.36
17 31200 | 2438.4 96 100 0.97 17 57.5 83.16 0.01
18 24000 | 2133.6 84 100 0.66 18 1171 80.02 2.3
19 14400 | 1828.8 72 100 1.19 19 117.1 78.15 0.43
20 38400 0 0 100 0 20 170 79.81 2.09
21 26400 | 1828.8 72 100 0.87
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Link Results Node Results
NO.pipe | L(m) |D (mm)| D (in) C V (m/s) | NodeID | Demand (CMH)|Head (m)| Pressure (m)

1 100 1016 40 130 6.83 |1 Reservoir -19940 100 0

2 1350 1016 40 130 6.53 2 890 97.14 97.14
3 900 1016 40 130 2.74 3 850 61.67 61.67
4 1150 1016 40 130 2.7 4 130 56.92 56.92
5 1450 1016 40 130 245 5 725 51.02 51.02
6 450 1016 40 130 2.11 6 1005 44.81 44.81
7 850 1016 40 130 1.64 7 1350 43.35 43.35
8 850 1016 40 130 1.46 8 550 41.61 41.61
9 800 1016 40 130 1.28 9 525 40.23 40.23
10 950 762 30 130 1.22 10 525 39.2 39.2
11 1200 609.6 24 130 1.43 11 500 37.64 37.64
12 3500 609.6 24 130 0.89 12 560 34.21 34.21
13 800 508 20 130 1.65 13 940 30.01 30.01
14 500 406.4 16 130 1.25 14 615 35.52 35.52
15 550 304.8 12 130 1.16 15 280 33.72 33.72
16 2730 304.8 12 130 0.45 16 310 31.3 31.3
17 1750 406.4 16 130 2.1 17 865 33.41 33.41
18 800 609.6 24 130 2.22 18 1345 49.93 49.93
19 400 508 20 130 3.27 19 60 55.09 55.09
20 2200 1016 40 130 2.67 20 1275 50.61 50.61
21 1500 508 20 130 1.94 21 930 41.26 41.26
22 500 304.8 12 130 1.85 22 485 36.1 36.1
23 2650 1016 40 130 1.75 23 1045 44.52 44.52
24 1230 762 30 130 2.1 24 820 38.93 38.93
25 1300 762 30 130 1.61 25 170 35.34 35.34
26 850 508 20 130 1.58 26 900 31.7 31.7
27 300 304.8 12 130 0.97 27 370 30.76 30.76
28 750 304.8 12 130 0.44 28 290 38.94 38.94
29 1500 406.4 16 130 1.28 29 360 30.13 30.13
30 2000 304.8 12 130 1.16 30 360 30.42 30.42
31 1600 304.8 12 130 0.21 31 105 30.7 30.7
32 150 406.4 16 130 0.89 32 805 33.18 33.18
33 860 406.4 16 130 1.1

34 950 609.6 24 130 1.26

Sl ey )55 5 81 058 3L 350 L5 5n0) (o Jlone 59 55,5 i o b (Yedlo

Glre o jo s alg) J3ls o O

0



ol 4Ll g asliyr 12l 5l Jol> gl s o,k Jua

$ln o) 50 Lad Glis rizman 5 b algd S 10 Ol 0l 2 S pos 50 g o alg) Jlad e
A ol anse .l sacd ools Ll (P-F) Jgox jo sole i Sle pl aSil aige o>
Aib o YO/AA (Million §) Lo alg) 51 s o Job axly anie 4 as g5 b Sl pl

¥l gl sl b Glopl ange 6 sl Jol mls - e

Link Results Node Results
NO.pipe | L (m) |D (mm)| D (in) C V (m/s) | NodeID | Demand (CMH)|Head (m)| Pressure (m)

1 100 2032 80 130 1.71 1 Reservoir -19940 100 0

2 1350 2032 80 130 1.63 2 890 99.9 99.9
3 900 1016 40 130 1.93 3 850 98.69 98.69
4 1150 1016 40 130 1.89 4 130 96.21 96.21
5 1450 1016 40 130 1.64 5 725 93.16 93.16
6 450 1016 40 130 1.3 6 1005 90.21 90.21
7 850 762 30 130 1.48 7 1350 89.62 89.62
8 850 762 30 130 1.15 8 550 87.61 87.61
9 800 508 20 130 1.86 9 525 86.36 86.36
10 950 762 30 130 1.22 10 525 81.73 81.73
11 1200 762 30 130 0.91 11 500 80.17 80.17
12 3500 508 20 130 1.29 12 560 79.02 79.02
13 800 508 20 130 1.6 13 940 68.79 68.79
14 500 762 30 130 1.08 14 615 85.22 85.22
15 550 762 30 130 1.26 15 280 85.88 85.88
16 2730 1016 40 130 1.71 16 310 86.84 86.84
17 1750 1016 40 130 2 17 865 92.81 92.81
18 800 1524 60 130 1.09 18 1345 97.97 97.97
19 400 1524 60 130 1.1 19 60 98.45 98.45
20 2200 1016 40 130 1.82 20 1275 93.27 93.27
21 1500 508 20 130 1.94 21 930 83.92 83.92
22 500 406.4 16 130 1.04 22 485 82.65 82.65
23 2650 762 30 130 1.59 23 1045 86.11 86.11
24 1230 | 406.4 16 130 1.64 24 820 78.85 78.85
25 1300 254 10 130 0.3 25 170 79.44 79.44
26 850 508 20 130 1.83 26 900 84.22 84.22
27 300 762 30 130 1.36 27 370 84.82 84.82
28 750 762 30 130 1.59 28 290 76.31 76.31
29 1500 406.4 16 130 1.73 29 360 70.58 70.58
30 2000 | 406.4 16 130 1.11 30 360 65.59 65.59
31 1600 254 10 130 0.86 31 105 66.34 66.34
32 150 254 10 130 1.11 32 805 75.64 75.64
33 860 254 10 130 1.69

34 950 508 20 130 1.53
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Evol(i) = 3.75 x log (55—) x 5000 — 24000 (-f)
GsLuﬁTMLgLadJQMM =X 5 ol LB sl dg) s slaxs =N
Slows 9 d.,,Jg‘ Coros Slows a sszLwﬁT le.(b AKM.;)‘ &Jm 89y 2 6‘ d.SL;.\) le.aa A.AU).; 61)21 6‘)%
il oo 3L (V=F) Jgaz jo ool ailj] jo Jud adgs

Sl pl lo aSi SO yo gl s a5 sl g adgl Cumes olaws (V-F) o
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g ) _ . adgl Caxox R
NO.| as slo| L6 slo Sgmge iyl | I s Ay 45,5 1,5 Jod 0o
gl S (Tnetwork) Evolution Initial population | Generation
1 8 14 1.476E+09 5000 20 250
2 16 8 2.815E+14 75008 = 75000 30 2500
3 21 16 1.934E+25 278203 = 280000 40 7000
4 34 6 2.865E+26 300152 = 300000 30 10000
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N \0/8
F(x) = f(x) + MaxcostNet * Maxpenalt * (MaxG) (f-%)
MaxNet+MinNet
FT(x) = F(x) 0-)
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N \0/8
F(x) = f(x) + MaxcostNet * Maxpenalt * (MaxG) *-%)
FT(x) _ MaxNeFt(-:CI;/IinNet (V—\c)
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N 10/8
(x) = f(x) + MaxcostNet x Maxpenalt * (MaxG) -9
MaxNet+MinNet
FT(x) = = (-¥)
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NO.Runs| Function Value | NO.Runs| Function Value | NO.Runs| Function Value
1 424000 34 441000 67 441000
2 419000 35 441000 68 450000
3 419000 36 450000 69 419000
4 420000 37 419000 70 441000
5 420000 38 419000 71 420000
6 419000 39 441000 72 419000
7 438000 40 419000 73 424000
8 452000 41 419000 74 448000
9 420000 42 462000 75 419000
10 420000 43 453000 76 419000
11 424000 44 441000 77 420000
12 462000 45 419000 78 428000
13 450000 46 448000 79 452000
14 447000 47 424000 80 420000
15 456000 48 441000 81 420000
16 419000 49 424000 82 441000
17 420000 50 471000 83 453000
18 448000 51 450000 84 427000
19 448000 52 441000 85 437000
20 419000 53 461000 86 420000
21 420000 54 448000 87 448000
22 424000 55 420000 88 420000
23 448000 56 419000 89 419000
24 419000 57 441000 90 448000
25 439000 58 448000 91 420000
26 453000 59 424000 92 448000
27 424000 60 424000 93 465000
28 424000 61 441000 94 442000
29 452000 62 447000 95 464000
30 447000 63 419000 96 420000
31 441000 64 419000 97 424000
32 450000 65 436000 98 462000
33 424000 66 461000 99 462000

Mean 435360 100 436000
The Best 419000
The Worst 471000 .
Shre Byl
Number of Best cost 19 s e
The standard deviation* 15286.83 G
The coefficient variance** 0.035
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Parameter Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover , , .
uniform One-point Two-point
Mutation Pmutation = 0.03
Mean 435360 434860 435980
The Best 419000 419000 419000
The Worst 471000 468000 471000
e toren | 10 2 7
The standard deviation 15286.83 13194.75 15448.83
The coefficient variance 0.035 0.030 0.035

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.03
Mean 433760 435930 434640
The Best 419000 419000 419000
The Worst 464000 468000 462000
Rl E s
The standard deviation 14085.68 15598.66 13933.84
The coefficient variance 0.032 0.036 0.032
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Parameter Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 319991 318730 317806
The Best 310388 310388 310388
The Worst 364703 356072 351843
e toren | 12 : 2
The standard deviation 9879.82 7650.49 7006.21
The coefficient variance 0.031 0.024 0.022

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 321582 324444 323702
The Best 310388 310388 310388
The Worst 357037 375633 356726
Number of the Best
. 8 5 5
answers in 100 run
The standard deviation 8986.71 13194.95 11066.84
The coefficient variance 0.028 0.041 0.034
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Parameter Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel Roulette Wheel Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 333165 332268 335702
The Best 313710 313710 313710
The Worst 384379 371324 376621
Number of the Best
. 3 1 1
answers in 100 run
The standard deviation 13232.01 11067.89 14710.84
The coefficient variance 0.040 0.033 0.044

90 Slo pl 4t (59, p FedoF 6l bl slo aslpy alisea sl >! Ve v 51 ol guls (VE-F) Jgo

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1

Crossover - -

One-point Two-point
Mutation Pmutation = 0.01
Mean 335206 343252 343875
The Best 313710 313710 316755
The Worst 369117 411123 441359
Number of the Best
. 1 1 0
answers in 100 run
The standard deviation 11358.88 20101.54 21305.04
The coefficient variance 0.034 0.059 0.062
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Parameter Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 39453518 41065299 40167350
The Best 38132744 38132744 38132744
The Worst 44775937 50000746 46898755
oo | 18 : L
The standard deviation 1390424.46 2971451.67 2194397.39
The coefficient variance 0.035 0.072 0.055

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 38406610 39231988 39061530
The Best 38132744 38132744 38132744
The Worst 39469724 47928349 43994845
el ss 2
The standard deviation 370701.89 1757256.56 1251780.46
The coefficient variance 0.010 0.045 0.032
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Parameter

Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)
Selection Roulette Wheel | Roulette Wheel | Roulette Wheel
Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover , - .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 40524160 41440247 41705687
The Best 39224473 39224473 39224473
The Worst 51358148 49932671 48407903
o | e o 2
The standard deviation 1724046.51 2170470.41 2437547.98
The coefficient variance 0.043 0.052 0.058

S 5050 e Slopl 4D 9, 52 F05F sl Al slo asl p s slizl Ve vl ol s VA-F) Jgox

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)
Selection Tournament Tournament Tournament
Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 39793691 40673251 40929483
The Best 39224473 39224473 39224473
The Worst 47928349 47928349 48036209
oo | T . s
The standard deviation 1287876.40 1989401.13 2235749.73
The coefficient variance 0.032 0.049 0.055
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Parameter Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 6269580 6271133 6286058
The Best 6081128 6081128 6081128
The Worst 6452980 6474849 6472350
e roren |4 4 :
The standard deviation 103488.31 101762.23 101626.22
The coefficient variance 0.017 0.016 0.016

Gl s Slepl 4l (55, 2 FebsF sl Al sl asly alies gl Ve e 5l ol b (Y -F) Jsox

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - ;
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 6258140 6260025 6296355
The Best 6081128 6081128 6081128
The Worst 6549100 6544528 6559904
Number of the Best
\ 3 3 2
answers in 100 run
The standard deviation 90605.89 104757.83 94889.10
The coefficient variance 0.014 0.017 0.015
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Parameter Algorithm1 Algorithm2 Algorithm3
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)
Selection Roulette Wheel | Roulette Wheel | Roulette Wheel
Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - ;
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 8215481 8193320 8245057
The Best 7597980 7597980 7597980
The Worst 9714150 8977902 9749409
Number of the Best
. 8 5 4
answers in 100 run
The standard deviation 428184.9 293601.6 346470.0
The coefficient variance 0.052 0.036 0.042

Sola pph GBL.J)J a9y 2 FobsF ol Al o el p alizee glyzl Ve e ) ol s O Y-F)Jso>

Parameter Algorithm4 Algorithm5 Algorithm6
Fpenalt Fpenalt = MaxCost * Maxpenalt * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)
Selection Tournament Tournament Tournament
Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover ; , .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 8177575 8222450 8153221
The Best 7597980 7597980 7597980
The Worst 10380212 9626854 9344261
answers i 100 ran 8 4 3
The standard deviation 404976.5 373832.5 283852.1
The coefficient variance 0.050 0.045 0.035
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Parameter Algorithm7 Algorithm8 Algorithm9
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.03
Mean 432380 432100 431640
The Best 419000 419000 419000
The Worst 471000 465000 468000
Rl E E
The standard deviation 14562.14825 14196.67 13718.32
The coefficient variance 0.034 0.033 0.032

Gl ails g0 Slupl aSis g9, 2 VYol V5) v ol il sl sy calies glyz Vo o 5l Lols gl (VF-F) Jgur

Parameter Algorithm10 Algorithm11 Algorithm12
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover ; - .
uniform One-point Two-point
Mutation Pmutation = 0.03
Mean 435970 436550 434260
The Best 419000 419000 419000
The Worst 469000 471000 464000
g | v 2
The standard deviation 16089.68 14171.66 13681.53
The coefficient variance 0.037 0.032 0.032
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Parameter Algorithm7 Algorithm8 Algorithm9
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 318955 318551 319599
The Best 310388 310388 310388
The Worst 366910 356371 374299
s oo |19 o "
The standard deviation 10258.38 7865.80 11241.96
The coefficient variance 0.032 0.025 0.035

90 Slopl aSii (595 2 VYV V) v sl aill) slo anl p caliseo sly>l Voo 5l ol s (Y£-F) Jgo

Parameter Algorithm10 Algorithm11 Algorithm12
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover ; - .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 320939 325127 322033
The Best 310388 310388 310388
The Worst 416259 365772 364703
oo | 8 : :
The standard deviation 12278.28 12687.91 11303.00
The coefficient variance 0.038 0.039 0.035
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Parameter Algorithm7 Algorithm8 Algorithm9
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 332688 331092 332757
The Best 313710 313710 313710
The Worst 373232 369220 379989
Number of the Best
. 3 2 1
answers in 100 run
The standard deviation 13101.13 11718.85 13515.99
The coefficient variance 0.039 0.035 0.041

90 Slopl aSiis (59, 2 VYV Vo) v (sl aill) slo sl calises slymt Voo 5l ol gl (YA-F) Jgax

Parameter Algorithm10 Algorithm11 Algorithm12
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 336833 338558 338479
The Best 313710 316755 316755
The Worst 376644 392700 399871
Number of the Best
. 1 0 0
answers in 100 run
The standard deviation 14898.74 14461.95 18342.55
The coefficient variance 0.044 0.043 0.054
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Parameter Algorithm7 Algorithm8 Algorithm9
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover : - .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 39050006 40473580 40277729
The Best 38132744 38132744 38132744
The Worst 45207917 49877409 50973703
el E :
The standard deviation 1081294.86 2631614.59 2381675.46
The coefficient variance 0.028 0.065 0.059

Parameter Algorithm10 Algorithm11 Algorithm12
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover . , .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 38367020 38802477 38535721
The Best 38132744 38132744 38132744
The Worst 39469724 44711714 41366157
el L z
The standard deviation 285449.49 1297298.46 543888.82
The coefficient variance 0.007 0.033 0.014
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Parameter Algorithm7 Algorithm9 Algorithm10
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 40948456 42386446 43066157
The Best 39224473 39224473 39224473
The Worst 46029303 58467836 56062331
veenosen | e z "
The standard deviation 1782366.39 3233204.84 3075759.61
The coefficient variance 0.044 0.076 0.071

Parameter Algorithm11 Algorithm12 Algorithm12
Fpenalt Fpenalt = MaxF *( Maxpenalt*1.1) * (N / Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover , , .
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 39517997 40178227 40676995
The Best 39224473 39224473 39224473
The Worst 47928349 46337661 51589403
e | o o o
The standard deviation 1394655.97 1578219.83 2456866.56
The coefficient variance 0.035 0.039 0.060
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Parameter Algorithm7 Algorithm8 Algorithm9
Fpenalt Fpenalt = MaxNet * Maxpenalt*1.1 * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel | Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 6274153 6276341 6283846
The Best 6081128 6081128 6081128
The Worst 6553885 6561903 6444706
e | : 4
The standard deviation 99091.42 105672.19 98159.97
The coefficient variance 0.016 0.017 0.016
ol i Sl pl aSis g9, » VYV Vo) + sl aill) slo anl p alises slyml Ve o 5l Jol> s (VF-F) Jgax

Parameter Algorithm10 Algorithm11 Algorithm12
Fpenalt Fpenalt = MaxNet * Maxpenalt*1.1 * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - -
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 6261930 6292515 6291657
The Best 6081128 6081128 6081128
The Worst 6435747 6527525 6588262
Number of the Best
answers in 100 run 3 3 1
The standard deviation 92422.79 91884.46 103618.21
The coefficient variance 0.015 0.015 0.016
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Parameter Algorithm7 Algorithm8 Algorithm9
Fpenalt Fpenalt = MaxNet * Maxpenalt*1.1 * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Tournament Tournament Tournament

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - ;
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 8434207 8547451 8559664
The Best 7597980 7597980 7597980
The Worst 9321605 9199670 9272762
Number of the Best
. 2 2 1
answers in 100 run
The standard deviation 540239.5 530469.8 550896.0
The coefficient variance 0.064 0.062 0.064

653La)@3uﬁ]45,45‘55)ﬁ VY Vg) e ol by o el calizee glz Ve e 5l ol s (FF-F) o>

Parameter Algorithm10 Algorithm11 Algorithm12
Fpenalt Fpenalt = MaxNet * Maxpenalt*1.1 * (N/Maxge) * 0.8
Fitness Ft(i) = ( maxf + minf ) / F(i)

Selection Roulette Wheel | Roulette Wheel Roulette Wheel

Pcrossover = 1 Pcrossover = 1 Pcrossover = 1
Crossover - - ;
uniform One-point Two-point
Mutation Pmutation = 0.01
Mean 8557279 8941525 8617128
The Best 7597980 7597980 7597980
The Worst 9573691 9988336 9733741
Number of the Best
. 1 1 1
answers in 100 run
The standard deviation 653943.7 856529.1 700985.5
The coefficient variance 0.076 0.096 0.081
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Savic and Walters Eusuff and Lansey | Shie-Yui Liong et LINA PERELMAN et Present Work
Case study I: (1997) (2003) al. (2004) al. (2007)
Two-loop et allgs i Sh}xfﬂed Fro.g Shuffled Cf)mplex adaptive heuristi.c Cross- Gsie Al
Network Leaping Algorithm Evolution entropy algorithm
w=10.5088 | w=10.9031| Epanet ®=10.667 [ Epanet ®=10.667 Epanet ®=10.667 Epanet ®=10.667
Pipe number diameter (in) diameter (in) diameter (in) diameter (in) diameter (in)
1 18 20 18 18 18 18
2 10 10 10 10 10 10
3 16 16 16 16 16 16
4 4 1 4 4 4 4
5 16 14 16 16 16 16
6 10 10 10 10 10 10
7 10 10 10 10 10 10
8 1 1 1 1 1 1
Cost ($) 419000 | 420000 419000 419000 419000 419000
Evaluations 25000 25000 5000
min(Evaluations) 6,500 11,155 1,091 35000 320
average(Evaluations) 1,345 2360
Time 10 min* 18 s** 0.5s

* According to Savic and Walters (1997) each run took 10 min CPU time on a PC 486/DX 2 50 and one of these solutions were always
identified when 10 runs were performed.

** According to Liong and Atiquzzaman (2004) each run took 18s CPU time on a PC Pentium 4 (Processor 1.79 GHz, RAM 512 MB)
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Savic and Walters Wu et al. M.H. Afshar et al. | Muzaffar et al. Present Work
Case study II: (1997) (2001') (2007) (2003)
New York Network| Genetic algorithm a?ge:r?:}llcm Genetic algorithm Lei;l?nf:eAdlgi)i%hm Genetic algorithm
w=10.5088 | w=10.9031 | Epanet ®=10.667| Epanet ®=10.667 | Epanet ©®=10.667 | Epanet ©=10.667
Pipe number diameter (in) diameter (in) diameter (in) diameter (in) diameter (in)
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 108 0 0 144 132 132
8 0 0 0 0 0 0
9 0 0 0 0 0 0
10 0 0 0 0 0 0
11 0 0 0 0 0 0
12 0 0 0 0 0 0
13 0 0 0 0 0 0
14 0 0 0 0 0 0
15 0 144 120 0 0 0
16 96 84 84 96 96 96
17 96 96 96 96 96 96
18 84 84 84 84 84 84
19 72 72 72 72 72 72
20 0 0 0 0 0 0
21 72 72 72 72 72 72
Cost ($ million) 37.13 40.42 38.8 38.64 38.13 38.13
Evaluations 1000000 | 1000000 280000
min(Evaluations) 48,427 15860 31,267 4120
average(Evaluations) 31,400 70120
Time 90 s
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Savic and Walters Eusuff and Lansey Shie-Yui Liong et al. LINA PERELMAN et Present Work
(1997) (2003) (2004) al. (2007)
;:l:zis;l:gvglkz Smaite il Shuffled Fro.g Leaping Shuffled Cf)mplex adaptive heuristif: Cross- Genﬁ?tic
Algorithm Evolution entropy algorithm algorithm
w=10.5088 | w=10.9031 Epanet ©=10.666 Epanet ®=10.667 Epanet ®=10.668 Epanet ®=10.667
Pipe number diameter (in) diameter (in) diameter (in) diameter (in) diameter (in)
1 40 40 40 40 40 40
2 40 40 40 40 40 40
3 40 40 40 40 40 40
4 40 40 40 40 40 40
5 40 40 40 40 40 40
6 40 40 40 40 40 40
7 40 40 40 40 40 40
8 40 40 40 30 40 40
9 40 30 30 30 40 40
10 30 30 30 30 30 30
11 24 30 30 30 24 24
12 24 24 24 24 24 24
13 20 16 16 16 20 20
14 16 16 16 12 16 16
15 12 12 12 12 12 12
16 12 16 16 24 12 12
17 16 20 20 30 16 16
18 20 24 24 30 24 24
19 20 24 24 30 20 20
20 40 40 40 40 40 40
21 20 20 20 20 20 20
22 12 12 12 12 12 12
23 40 40 40 30 40 40
24 30 30 30 30 30 30
25 30 30 30 24 30 30
26 20 20 20 12 20 20
27 12 12 12 20 12 12
28 12 12 12 24 12 12
29 16 16 16 16 16 16
30 16 16 16 16 12 12
31 12 12 12 12 12 12
32 12 12 12 16 16 16
33 16 16 16 20 16 16
34 20 20 20 24 24 24
Cost ($ million) 6.073 6.195 6.195 6.22 6.080 6.080
Evaluations 1000000 | 1000000
min(Evaluations) 26987 25402 97,000 37500
average(Evaluations) 152850
Time 3hr 11 min 105s
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Abstract

Optimization is an engineering tool to maximize the performance with the lowest cost to
benefit ratio thus, many engineers and scientists seek new and reliable optimization
techniques. Drinking water as a basic and vital need of all societies is distributed
through pipe networks which are expensive structures. As a consequence of
development, improvement of the existing networks is a major task in most expanding
cities. Optimization of construction and improvement of water distribution networks
may reduce the cost of construction projects without deficiency in performance.

The present study dealt with the optimization of water distribution network using
genetic algorithm (GA). GA techniques successfully employed to optimize some
standard examples as well as some new networks. In this research, a code in Visual
Basic (ver. 6) was developed to apply the GA. EPANET 2.0 was employed by the code
to find the water velocity in pipes and pressure in nodes of the proposed network. Two
fitness functions were used to comply with the pressure (Casel) and pressure- velocity
(Case 2) constricts. Various GA operators were employed to study their performance in
the process.

The results shows that the GA is capable of lowering the cost of construction to the
level found by other optimization techniques. As an improvement, the proposed method
needs a much smaller number of generations to reach the optimum answer. Two fitness
functions (dynamic and static functions), two operators (Roulette Wheel and
Tournament), and three types of crossovers (One point, Two point, Uniform) for two
cases (total of 24 combinations) were studied for each example with 100 runs. The
number of minimum cost obtained by each combination was recorded. Some
combinations returned as many as 94 minimum answers. As a conclusion, GA can be
used to design the water distribution networks less expensively.
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