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2 Tabu Search Algorithm
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2 (3) (4) 5
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5 15 7 (=]
9 10 11
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Node no Ground Level (m) Demand (LPS)
1 (Res) 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
11 15 26
12 10 16
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Diameter (in) Diameter (mm) Cost (Unit)
1 254 1.10
2 50.8 3.11
4 101.6 8.80
6 152.4 16.17
8 203.2 24.89
10 257 34.79
12 304.8 45.73
14 355.6 57.62
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Pipe number Candidate diameters (in)
1 8,10,12,14
2 2,4,6,8,10,12,14
3 2,4,68,10,12,14
4 2,4,6,8,10,12,14
5 1,2,4,6,8,10,12
6 1,2,4,6
7 2,4,68,10,12,14
8 1,2,4,6
9 2,4,6,8,10,12,14
10 1,2,4,6
11 1,24,6,8
12 2,4,68,10,12,14
13 1,2,4,6,8,10,12
14 1,2,4,6
15 1,2,4,6
16 1,2,4,6,8,10
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1 14 1 0

2 12 2 54.58
3 10 3 51.2
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5 6 5 32.22
6 1 6 42.01
7 8 7 37.33
8 1 8 30.34
9 8 9 42.76
10 1 10 32.19
11 4 11 35.43
12 8 12 31.14
13 6

14 1

15 1

16 6
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) 1
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Available pipes from which the pipe selection will
be made

Nr Diameter Diameter (mm) Unit cost

(inches) (per meter
length)

1 12 304.8 45.73

2 16 406.4 70.40

3 20 508.0 08.39

4 24 609.6 129.33

5 30 762.0 180.75

6 40 1016.0 278.28
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Pipe number Candidate diameters (in)

1 20,24,30,40

2 20,24,30,40

3 20,24,30,40

4 20,24,30,40

5 16,20,24,30,40
6 16,20,24,30,40
7 12,16,20,24,30,40
8 12,16,20,24,30,40
9 12,16,20,24,30,40
10 12,16,20,24,30,40
11 12,16,20,24,30,40
12 12,16,20,24,30,40
13 12,16,20,24

14 12,16,20,24,30,40
15 12,16,20,24,30,40
16 12,16,20,24,30,40
17 16,20,24,30,40
18 16,20,24,30,40
19 16,20,24,30,40
20 20,24,30,40

21 12,16,20,24,30,40
22 12,16,20,24,30,40
23 16,20,24,30,40
24 12,16,20,24,30,40
25 12,16,20,24,30,40
26 12,16,20,24

27 12,16,20,24,30,40
28 12,16,20,24,30,40
29 12,16,20,24,30,40
30 12,16,20,24,30,40
31 12,16,20,24

32 12,16,20,24

33 12,16,20,24

34 12,16,20,24,30,40

6 = 2.86E26 Js slas
410%6'%5° = 1.66E24 asly alS olas

vy
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b Slopl 6 4 gl abgrye g anze g b Ayl jlad gl o )5 jlad polae (VA-F) Jgazr o
4y )L).u G PR oo‘o(&w) p.u)}f.” L LS)L“’ Aign) Js\ S MU).? 6‘)—"‘ )\ oolazwl b Lgybb

L Lg)'l...q de) P9 S 4.0[3).3 LS‘)-'." )\ oolazwl b XW| Cawds (§ A4S Al P Yo uﬁ-‘-l-“" 6.08

GA L sslo ji Slupl g aSs gl Jool> s (VA-F) Jgax

Ayl 5ol (in) ,3 0,5 o o (m) gl o,5 jLid polio
1 40 1 0
2 40 2 97.14
3 40 3 61.67
4 40 4 56.92
5 40 5 51.02
6 40 6 4481
7 40 7 43.45
8 40 8 41.61
9 40 9 40.23
10 30 10 39.2
11 24 11 37.64
12 24 12 34.21
13 20 13 30.01
14 16 14 35.52
15 12 15 33.72
16 12 16 313
17 16 17 33.41
18 24 18 49.93
19 20 19 55.09
20 40 20 50.61
21 20 21 41.26
22 12 22 36.1
23 40 23 44.52
24 30 24 38.93
25 30 25 3534
26 20 26 31.7
27 12 27 30.76
28 12 28 38.94
29 16 29 30.13
30 12 30 30.42
31 12 31 30.7
32 16 32 33.18
33 16
34 24
AL e 6.08 milion $
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Pmutation = 0.02
Pcrossover =1
e (51850
o9 Sy Evaluations RepeRe Sloz o yide Lusgio Variance
coefficient
O e <ly= S )
S 5 3 220000 6707332 | 6081150 | 6254125 0.0167
100
g =S lps
g, ez
S5 S 5 2 180000 6557260 | 6081150 | 6251510 0.0145
100
g, ez
5 oS5 2 180000 6556532 | 6081150 | 6259098 0.015
100
g, ez
S 1 200000 6538970 | 6081150 | 6268140 0.0174
100
g =S lps
ol
&) il
Ssess | 3 180000 6688320 | 6081150 | 6307425 | 0.0198
100
& alais
&) il
5 Sy 1 200000 6559159 | 6081150 | 6267857 0.0178
100

814
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Pipe data Nodal data
Pipe  Startnode Endnode  Length Existing diameter Node  Demand Min. total head
(m} (mm) (1/s) (ft)
1 1 2 35356 4572 1 reservoir 300
2 2 3 6035.0 4572 2 2616 255
3 3 4 22250 4572 3 2616 255
4 4 5 25208 4572 4 2497 255
5 5 6 2621.2 4572 5 2497 255
6 6 7 58216 4572 6 2497 255
7 7 § 2026.0 3353 7 2497 255
8 8 9 3810.0 3353 8 2497 255
9 9 10 2026.0 4572 9 4813 255
10 L1 9 34137 5182 10 28 255
11 12 11 44106 5182 11 4813 255
12 13 12 ITIRS 5182 12 3315 255
13 14 13 73456 5182 13 3315 255
14 L5 14 6431.2 5182 14 2616 255
15 1 15 47244 5182 15 2616 255
16 10 17 8046.7 18290 16 4813 260
17 12 18 0500.7 1820 17 1628 272.80
18 18 19 73152 1524 18 3315 255
19 11 20 43891 1524 19 3315 255
20 20 16 117043 1524 20 4813 255
21 9 16 8046.7 1820

S 90 Slopl a0 dlgd jo Jsb axly 6 anse g olsl LB sle algl Lo (YY-F) Jgux

Diameter Pipe cost
(inch) (mm) ($/1t) ($/m)
36 (910) 93.5 (306.8)
48 (1220) 134.0 (439.6)
60 (1520) 176.0 (577.4)
72 (1830) 221.0 (725.1)
84 (2130 267.0 (876.0)
96 (2440) 316.0 (1036.8)
108 (2740) 365.0 (1197.5)
120 (3050) 417.0 (1368.1)
132 (3350) 469.0 (1538.7)
144 (3660) 522.0 (1712.6)
156 (396(01H 577.0 (1893.0)
168 (4270) 632.0 (2073.5)
180 (4570) 689.0 (2260.5)
192 (4880) 746.0 (2447.5)
204 (5180) 804.0 (2637.8)

7)



ASclite ;1 oolitnl b S g9 (5 4 40 oo ool sla ol b (YY-F) o

polio AS 5 oy oolaiwl b yial )by

100 M
3.5 o
0.5 p
1000 70
0.98 p
Maxcost D

0.25 Pm

1 Pc

S ys290 e Slw pl A (6l A Slg Y-0-F
g o S5l 0T g0 g el BB (5 As S Sy b Sl @ aSh @Sl s
Ol el oas oolanwl Jlas 5,90 JLid Plas Lol glp adsl la do) & cacs (s3le0 o
VF-F)Jgaz o .l onls oolaiwl g5le a lp B jge oi,sXl 5l lads aSll (pl o
oy ool J)ysa_) ).er..q Lg’l“’)j s 41,.,..: 6‘)—3 odw! Cwds (6 4o g )E_e ‘6‘ o)f )Li‘.é ﬁJLZi.o
PCTRPA V| P WY LR F U P I I WRV- O PV 2R E ) @.ngybguﬁTMd\éwp el

ASb o Y0 Geuls YAIA plp (890

J)})}g ).er.u ‘;L‘;Jj 41,...4 B d.nb).) 6‘):" )‘ OJAT Cawdy u‘}} (Yf—f) J5A>

gl 50 lo (in) yhs 0,5 o,los (m) o,5 ,Lis

1 0 1 0

2 0 2 12.04
3 0 3 9.79
4 0 4 9.14
5 0 5 8.57
6 0 6 8.13
7 0 7 7.47
8 0 8 6.51
9 0 9 5.84
10 0 10 5.83
11 0 11 5.89
12 0 12 6.33
13 0 13 7.30
14 0 14 9.74
15 120 15 12.25
16 84 16 0.15
17 96 17 0
18 84 18 2.08
19 72 19 0.21
20 0 20 1.88
21 72

R 38.8 milion $
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Two-loop Savic &Walters (1997) Eusuff&Lanse Cunbha et al Present Work Present Work
Network GA y (2004) Ant colony GA
(2003) Tabu Search
Shuffled frog
alg
w=10.5088 w=10.9031 w=10.667 w=10.667 w=10.667 w=10.667
Pipe Diameter(in) Diameter(in) Diameter(in) Diameter(in) Diameter(in)
number
1 18 20 18 20 18 18
2 10 10 10 10 10 10
3 16 16 16 16 16 16
4 4 1 4 1 4 4
5 16 14 16 14 16 16
6 10 10 10 10 10 10
7 10 10 10 10 10 10
8 1 1 1 1 1 1
Cost (3) 419000 420000 419000 420000 419000 419000

SPB et Sl pl 4l Y-5-F

dslie 500 (pubiize gl b aslp sl 5l soile jod Slepl 6 4l s (Y£-F) Jgo yo

ol 00l
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)ig.o w.u.m @L..: L: LS}"L“)?(" @Lmﬁ‘ S d.i.s.a.d @Lu 3 ch‘.M (Y?—f’) J.im
HP Savic and Walters Geemetal | Liongand | Dijketal Present Present
(1997)* (2002) Atiquzzam (2008) Work Work
HS an Weighted | Antcolony GA
(2004) penalty
SCE GA
Pioe number w=10.5088 w=10.9031 w=10.5088 w=10.667 w=10.667 w=10.667 w=10.667
1 40 40 40 40 40 40 40
2 40 40 40 40 40 40 40
3 40 40 40 40 40 40 40
4 40 40 40 40 40 40 40
5 40 40 40 40 40 40 40
6 40 40 40 40 40 40 40
7 40 40 40 40 40 40 40
8 40 40 40 30 40 40 40
9 40 30 40 30 40 30 40
10 30 30 30 30 30 30 30
11 24 30 24 30 24 24 24
12 24 24 24 24 24 24 24
13 20 16 20 16 20 16 20
14 16 16 16 12 12 12 16
15 12 12 12 12 12 12 12
16 12 16 12 24 12 16 12
17 16 20 16 30 16 20 16
18 20 24 20 30 24 24 24
19 20 24 20 30 24 30 20
20 40 40 40 40 40 40 40
21 20 20 20 20 20 20 20
22 12 12 12 12 12 12 12
23 40 40 40 30 40 40 40
24 30 30 30 30 30 30 30
25 30 30 30 24 30 30 30
26 20 20 20 12 20 24 20
27 12 12 12 20 12 12 12
28 12 12 12 24 12 12 12
29 16 16 16 16 16 16 16
30 16 16 12 16 12 12 12
31 12 12 12 12 12 12 12
32 12 12 16 16 20 16 16
33 16 16 16 20 16 16 16
34 20 20 24 24 24 24 24
Cost 6.073 6.195 6.056 6.220 6.110 6.143 6.08
($milion)

These solutions are obtained using different numerical conversion constant for the

head loss equations.

Sliass (o as 0,5 o)lil jeldig-yie (o dolee W Cull Jlade 4 ol ool Jol> il jo

Jlid slo)) oS ke o L wlg oo SYLW &l jo .cewl ouls colaiwl calides poliae bbb

Aol ALl ZeS W A S (6 s djp B 0,8 o
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S yg99m Slw pl Al Y-5-F

s Gehime @l b asliy sl 5l Somse et oyl 5 ad @bs (V-F) Jpaz o

Oebize bl b S yana b Sl pl (6 a8 mls (6 anglia (YV-F) Jsoo

ol 0 MLQ.A

Newyork | Dandy etal | Lippai et al Wu et al Morgan Maier et al Present
Network (1996) NYD1(1999) (2001) and Goulter (2007) Work
GAl fmGA2 (1985) ACOA AS.iite
w=10.5088 w=10.9031 w=10.667 W=10.667 w=10.667 w=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 0 132 108 144 144 0
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
15 120 0 0 0 0 120
16 84 96 96 96 96 84
17 96 96 96 96 96 96
18 84 84 84 84 84 84
19 72 72 72 60 72 72
20 0 0 0 0 0 0
21 72 72 72 84 72 72
Cost 38.8 38.13 37.13 39.2 38.64 38.8
($milion)
Feasibility feasible Not Not feasible feasible feasible
feasible* feasible*

*Infeasible solution (Pressure less than 0) when EPANET network solver was used.

Sas 1> b swlbo lez ilgs s Wu Lglé] SO PE AR V- 0wl ey s o
QW‘SA&M‘Q).&)‘)SJAL?DQ)ywuébibyOM]WJJGLQ).EBL)EJ\))}AGM

..)....al;Ls.oWA>)‘)...o.59W‘OML0)|L®o)f)‘t_g>f)0cJ3‘A>)m)‘m45
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500 Cbizre gl b gl dlgd V8 Slo pl (6 aSl ol (5 amnlio (YA-F) JSo
16 pipes network Golzar (2009) Present Work Present Work
GA Ant colony GA
w=10.667 w=10.667 w=10.667
Pipe number Diameter(in) Diameter(in) Diameter(in)
1 14 14 14
2 12 12 12
3 10 10 10
4 10 10 10
5 6 6 6
6 1 1 1
7 8 8 8
8 1 1 1
9 8 8 8
10 1 1 1
11 4 4 4
12 8 8 8
13 6 6 6
14 1 1 1
15 1 1 1
16 6 6 6
Cost ($) 310388 310388 310388

(Y++¥) Zecchin et al ;K2 ya0 v 55531 g0 b6 b gos b5 g donnyLia V—F

o wbli.o.m 9 Zecchin oS ‘5>ul.~.> L A.ol}).g 6‘)‘?‘ )\ o] Cowds sl 919_? ya-v) &.J9")‘? o

s O 590 ;o8] alizie sla b9, b sile 9 S 90 e lo 4Ll (59, » VooV Jlo

05,9500 5l solawl b Zecchin lawg ool Jool> ause Blas [V ]owl sod auolio ais 4l

A Slopl 6 el 0 5 Gele YAFF Siais 0t Slopl 6 ad 10 0035 5 (6 4z 90

Y5 Uysele FIVEY 5 YAA (i3 4y aoliyy Lasgs ool Cowssy (6 4t g ,¥o Oysule FIATY (goila
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Gl b g Symes b Slepl ais (YA-F) Jouxr

Case study Algorithm Min Cost($) Mean Max
NCWYOI'k AS 39.204 39910 40.922
ACS 38.638 39.629 41.992
Tunnel AS.ite 38.638 38.988 39.511
ASank 38.638 38.777 39.221
Problem MMAS 38.638 38.836 39.415
ACOA, st 38.638 NA NA
ASibe 38.638 38.849 39.492
Present Work 38.8 40.39 44 .4
: AS NFS NFS NFS
HanOI ACS 7.754 8.109 8.462
Problem AS e 6.827 7.295 8.187
ASank 6.206 6.506 6.788
MMAS 6.134 6.394 6.635
AS;pest 6.367 6.842 7.474
Present Work 6.143 6.370 6.579

Note : NFS means no feasible solution was found.
NA means that the information was not available.

For case studies ,Results are based on 20 Runs.
G 4l o asly Gzl ) Jel sle sz e Gl anieJes slajloged asll o
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Abstract

Water distribution networks are important urban installations which designing and
programming need large investments. So that optimization is used as a tool for
minimizing the cost correlated with water distribution systems. In the last few decades
many researchers have been attracted by evolutionary methods for optimization; so that
in water distribution networks Genetic and Ant colony algorithms have been substituted

for the techniques based on linear and nonlinear programming.

In this project genetic and ant colony algorithms are used in order to optimize water
distribution networks. In the use of GA for optimization at first, search space would be
reduced by means of water velocity parameter and path concept in pipes. Optimum
design solution using GA is governed by several factors such as population size, fitness
functions, penalty functions, GA operators, number of generations and the most more
important the size of the search space. Reducing search space obtains an optimization
solution in less time and increase probability of gaining global optimum. In GA, Binary
and Gray coding with roulette wheel and tournament selection operators, and one point,

two point and uniform crossover operators, has been used for comprising.

In parallel with GA optimization based on search space reduction, ant colony algorithm
has been used for optimization of water distribution networks. ACOA has been inspired
by the behavior of ants for finding food sources. In this algorithm elitist ant system has
been used each iteration, and three point crossover and mutation operators have been

utilized.

Keywords: Water distribution networks, evolutionary algorithms, search space

reduction
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