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ABSTRACT

Optimal design of the water supply pipe network aims to minimize construction cost while satisfying the required hydraulic
constraints such as the minimum and maximum pressures, and velocity. Since considering one single design factor (i.e.,
cost) is very vulnerable for including future conditions and cannot satisfy operator's needs, various design factors should
be considered. Hence, this study presents three kinds of design factors (i.e., minimizing construction cost, maximizing
reliability, and surplus head) to perform multi-objective optimization design. Harmony Search (HS) Algorithm is used
as an optimization technique. As well-known benchmark networks, Hanoi network and Gyeonggi-do P city real world
network are used to verify the applicability of the proposed model. In addition, the proposed multi-objective model
is also applied to a real water distribution networks and the optimization results were statistically analyzed. The results
of the optimal design for the benchmark and real networks indicated much better performance compared to those
of existing designs and the other approach (i.e., Genetic Algorithm) in terms of cost and reliability, cost, and surplus
head. As a result, this study is expected to contribute for the efficient design of water distribution networks.

Key words: Multi-objective Harmony Search Algorithm, Multi-objective optimal design, Minimum cost, Maximum reliability,
Maximum surplus head
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2. Multi—objective Harmony Search
(MOHS)

Multi-objective Harmony Search (MOHS) &i1e]&2
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2.1 Harmony Search (HS)

HS+= Genetic Algorithm (GA), Ant Colony Optimization
(ACO), Particle Swarm Optimization (PSO)Z} 72 e}
Fe2E 7o s, hgolghe EAQl dAolA 2t
oksto] WhEoizl datefEolth ofg 74A] of7]9] 4xe
7h 32 olF= BAA, TR 3 Foll &
ol&dle 2kl L EHdES We A= EAst
Ak, A9 1 (REEALDE Fall EHshE2 Hat
ARFAA =31, A 3HeE Sk (Local optimum) F-ofl A=
u| Ao g 713k ol5the- S (Global optimum)E: ©|&
4 91 Aolth. HSOM RISt SHe 7 A4
= of7lell thiu|=aL, 2t of7]9] &) 2l e
ko] siE omjgtt). HSolA= A 'S fls)
2 7HA 7S o]  AREER, HM  (Harmony
memory), HMCR (Harmony memory considering rate),
PAR (Pitch adjusting rate)5-©] %132, HMQ] =7]= HMS
(Harmony memory size)2il §hct,

2.2 CH2 x5} 7|H
= 435 71He AEEA (Trade off)7} 27)

294

Jole=gR2| 2129 H A 3= 20154 62



[\l

@ah0j0l- 9222

—

:
o—

o =2 —‘%’ﬂ—é%% Zl% e HESH Hed
5 1

S A, vAuis] HE WS Fonseca and Fleming
(1993)0]] oJafl A|¢tE WHoR thiga A3} FAE
s dstr] fls 285 7|Holtt. o] W2 A <] v
A o whet =9 Fofsto] 1 &0l gl A
SEE ok ol

s TA 1: HA BHE o] =E ARAof tiste] A
Hjoj 5 2Alsto] HIAHRE]= ZiA &9 1&
FoJstal o5& HA oA AATC)

o THA 20 THA] AEE BT W ZiAEel st
Au o HEZ 2AFsE] HIXHiA A =9 2& H
ostal o] &S HA oA A AT

o THA 30 BE AN 97 FolE wizhr] o]}
T2 BAGE FrESt)

Fig. 12 $54 8719 2915 e ek 9
A A, B, C, D, B HlAH| R0l 7] who] 29] 1€

A
A(D)
®

®r(3)

<
B()
& » ® G2
-
N ) D(1)

<Minimize f,

Fig. 1. The concept of non-dominated sorting (Fonseca and
Fleming, 1993).
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Fig. 2. The concept of crowding distance (Deb et al.,
2000).
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Fig. 3. The flowchart of the model.
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Fig. 49} Z+& W EY Hanoi ¥4 Fujiwara and s phup A ol 2 AR AFEDA 9l 2749
Kians (199070 1S AL Rgo il AUH A aefoked A9AT Ao A
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Table 1. Cost data for the Hanoi network (Fujiwara and Khang
1990)
Diameter (mm) Cost ($/m)
304.8 45.7
406.4 70.4
508 98.4
609.6 129.3
N
762 180.7
1,016 278.3 Fig. 4. Hanoi network.
Table 2. Parameters for Hanoi network
MOHS HMS HMCR PAR NI NFEs DV PD Search space size
50 0.95 0.05 500,000 500,000 34 6 2.87x10%
P C M NI NFEs DV PD Search space size
NSGA TI —
50 0.7 0.1 10,000 500,000 34 6 2.87%X10

0] 30| 4], NI+= number of iteration, NFE+= number of function evaluations, DV+= decision variables, PD+= number of pipe diameter options, P+=
Population size, C+= Crossover rate, M-> Mutation rateS- 2] 1] $c}.
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Fig. 5. The result of scenarios 1 for Hanoi network. 2ol 645702 AA, 2740 W, 1749 A2 7
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B | B = ARgotglon, RS 28 Az 901109 2
100000000 25 Helth ZF HA Y Haash 21 A= Al
000000 ’Sﬂm%ﬂ AR57129 L5kg-om® S Hg5}

Cost ($)

g
£
8,000,000.0 Bj

7,000,000.0

A
=
o] 15molth. A7|% PA A4E FEE F 11714
G Aol AH8E 4 Alrkal 714 (Geem, 2006)
stg.om, Table 4= A ot do] & 714L A

450 500 550 600 650 700 750 800 ] 5—]_ o}i ];]_
71

aal
o%m @ @ORE ma.a““'o
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Surplus head (m)
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Fig. 6. The result of scenarios 2 for Hanoi network.
= 50~150, HMCR-2 0.9~0.99, PAR2 0.01 ~0.1

Table 3. The result of design optimization for Hanoi network

Scenario 1 Scenario 2
Algorithm
MOHS NSGA 11 MOHS NSGA 1I
Cost($) Min 6,355,021 6,502,070 6,541,799 6,547,777
0s
Max 10,769,857 10,769,857 10,570,725 9,814,944
o Min 0.1377 0.1344 - -
Reliability
Max 0.2089 0.2089 - -
Min - - 536.6 525.9
Surplus head (m)
Max - - 745.3 738.4
Non-dominated solution rate (%) 68.3 31.7 67.2 32.7
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Table 4. Cost data for P city network (Geem 2006) 2,100,000,000.0 w
Diameter Cost Diameter Cost :z::::z: | onsean
(Hlm) (W/ m) (Hlnl] (W/ m) 1,950,000,000.0 e s o °
50 36,766 300 62,109 g 1,990,000,000.0 o,
80 37,890 500 108,492 § ' ﬂﬁ."
100 38,933 600 140,387 1,750,000,000.0 fn‘v‘i
150 42,554 800 221,582 oo )
200 47 624 1 000 325 985 o [ 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
250 54! 125 Reliability
Fig. 8. The result of scenarios 1 for P city network.
T ¢
1,950,000,000.0 @ ’f’x
g 1,900,000,000.0 £
é 1,850,000,000.0 f
1'650'000'0(““)9100 9200 9300 9400 9500 9600 9700 9800 9900 10000
Surplus head (m)
Fig. 9. The result of scenarios 2 for P city network.
Fig. 8% AA W& Fase} Ao B 4A1# =
Yote BHoz slge A9 HANA AnE e
t}. Fig. 83} o] 2F 1,708,071,168 ¥} 1,977,747,072 ¥
Fig. 7. P city network. Afo] o] F4H]-gofl A oF 0.01840]4 0.0348 Ato]&f A
29 AEE gho] 23 LESHE RS & 4 Yok
o 77k WastaA HAAAS SASAO A wy Fig 9= AANG HAS AR o §AE &
HHEA ARSI = 1,000,0003] 2 A gksto] 55}t ZYsles Moz 3PS Ae AMRES veERdL
Zyzkol w7 5 2 Wiz 2382 25 Fig. 99} Zro] oF 1,697,877,504 ~ 2,066,816,128 2]
o 7 Ai= Table. 59 L Z| A0 HO oA 2F 9.213.9 ~ 9,856.9 m 2] oG
E5 A7|E PA ASE B o] 2700 AU sof gho] Hagi).
2 FEsto] A HAE SPth Alve] e 12 F Table 62 ATE E3)] Alube]e 13} AteE]Q 29
2 AANER o 4A2EE ngstglon, Alute Al MOHSQ] £ A1} t}oFAlo] NSGA IHET} &2=3)
& 2+ 4 AAMER 7 AH] AfeF TS F = A ¢ $ Atk AlUEl L 19 F-$ HR]Efs) Y
= ThEotes sto] oy 2HHAE 3ot H|-£-0] MOHS7} 70.9%2 NSGA XU} oF 2ufo]Are]
oo AREdoR e £URAe AN 8 mo A vee 21 o] fu4o] S,
EPANET s2|afj4 2233 dgstglen, Ave]l  mlee Zaiso] of3gtol 7 ejxlol= MOHS7}
& ZAi}= Fig 8, 99} Zth NSGA IET} oF 154% 2 A0 g tjopd=wHo| e
Table 5. Parameters for P city network
MOHS HMS HMCR PAR NI NFEs DV PD Search space size
100 0.99 0.01 1,000,000 1,000,000 708 11 2.02x10737
P C M NI NFEs DV | PD Search space size
NSGA II
100 0.7 0.1 10,000 1,000,000 708 11 2.02X10737
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Table 6. The result of design optimization for P city network

O A= FlLO
FF T2 44

Algorithm Scenarios 1 Scenarios 2
MOHS NSGA II MOHS NSGA II
Min 1,708,071,168 1,700,283,136 1,697,877,504 1,715,444,224
Cost () Max 1,977,747,072 1,978,163,712 2,066,816,128 2,079,338,240
Reliability Min 0.0184 0.0198 - -
Max 0.0348 0.0306 - -
Min - - 9,213.90 9,208.20
Surplus head (m)
Max - - 9,856.90 9,864.20
Non dominated solution rate (%) 70.9 29.1 67.7 32.3
Table 7. Diameter configuration table for P city network
. . Optimum design Optimum design
R GER [SI::enarios 1 E) Rate of (SI::enaIios 2 E] Rate of
Pipe Dia. % Pipe Dia. % Chinge Pipe Dia. % Chinge
(mm) (*'2") (mm) COTN IR (mm) ¢z | %)
50 8.48 50 0.93 -7.56 50 18.05 +9.57
80 10.03 80 3.24 -6.79 80 18.98 +8.95
100 6.94 100 5.40 -1.54 100 14.97 +8.03
150 7.71 150 14.04 6.32 150 11.88 +4.17
200 8.02 200 20.53 12.50 200 8.49 +0.46
250 7.56 250 22.07 14.50 250 7.87 +0.31
300 11.11 300 20.53 9.41 300 8.49 -2.62
500 9.72 500 6.02 -3.70 500 3.86 -5.86
600 9.11 600 4.63 -4.47 600 4.78 -4.32
800 10.80 800 2.47 -8.33 800 2.16 -8.64
1000 10.49 1000 0.16 -10.34 1,000 0.46 -10.03
Cost (108 W) 19.47 Cost (108 W) 18.46 -2.071 Cost (108 W) 18.728 -6.103
Reliability 0.021 Reliability 0.032 +8.131 Reliability -
Surplus head (m) | 9,626.4 | Surplus head (m) - Surplus head (m) | 9,846.6 +2.235
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