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Abstract The application of efficient constraint handling technique is fundamental method to find better solutions
in engineering optimization problems with constraints. In this research four of constraint handling techniques are used
with a meta-heuristic optimization method, harmony search algorithm, and the efficiency of algorithm is evaluated.
The sample problem for evaluation of effectiveness is one of the typical discrete problems, optimal pipe size design
problem of water distribution system. The result shows the suggested constraint handling technique derives better
solutions than classical constraint handling technique with penalty function. Especially, the case of e-constrained
method derives solutions with efficiency and stability. This technique is meaningful method for improvement of
harmony search algorithm without the need for development of new algorithm. In addition, the applicability of
suggested method for large scale engineering optimization problems is verified with application of constraint handling
technique to big size problem has over 400 of decision variables.
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2. Harmony Search
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Table 1. Pseudo code of HSA

begin .
Objective function f(x), x=(x. Xy, a)
Generate initial harmonics (real number arrays)
Define pitch adjusting rate (i T ).pitch limits and bandwidth
Define harmony memory cau.:;(lfer/ng rate (r, )
vhile ( t<Mex number of iterations )

Generate new harmonics by accepting best 01IC:

Adjust pitch to get new harmonics (solutions)

if (rand<r, ), choose an existing harmonic randomly
else if (rand<rw), adjust the pitch randemly within bmits
else generate new harmonics via randomization

end if
Accept the new harmonics (solutions) if better
end while
Find the current best solutions
End
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Table 2. Pseudo code of Stochastic Ranking
Pseudo Code of Stochastic Ranking

Begin
Fori=1toN
Forj =1 to P-1
u=random(0, ])

If (45(1)
( L)> f({; ( J+1
swap (I;JJH
else
i (@(7)> #(5..)
swap (1,1,
End For
If (not swap performed)
break
End For
End

Jor (u < P)
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Fig. 2. Schematic layout of the Balerma Network

Table 4. Commercial pipe diameters and their costs for
the Balerma Network

No. Pipe Diameter (mm) Cost (€/m)
. ) 1 113 7.22
Fig. 1. Schematic layout of the Hanoi Network 5 1266 o1
3 144.6 11.92
Table 3. Commercial pipe diameters and their costs for 4 162.8 14.84
the Hanoi network 3 180.8 18.38
6 226.2 28.6
No. Pipe Diameter (mm) Cost ($/m) 7 285 45.39
1 304.8 45.726 8 361.8 76.32
2 406.4 704 9 4522 124.64
3 508.0 98.378 10 581.8 215.85
4 609.6 129.333
5 762.0 180.748
6 1016.0 278.28 4.2 2MA0} — Hanoi &g
88 7 Az A7 HE Table 59 2] Case
4.1.2 Balerma sY& o2 15-E] Case 474 2 H7]353t} 2 W ol A&+ of
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Table 5. Parameters of application methods

Case 1 Case 2 Case 3 Case 4
. s Stochastic e-Constrained

P(eg.aliy 11:)‘(’)“88‘6’;‘ F eaRS"l"l“y Ranking Method
: ' wes (PE=0.1) (e =10,000)

Fig. 3TJr 7ELﬂr. vl 7k B A9 s =5
M2 Case 3 (Stochastic Ranking)Z} Case 4 (e
-Constrained Method)Z YEREoH, o] F 7kx] WY
T A9 B JAx7F HA ekt 712 Case 4
(e-Constrained Method)Z UEFTE 70 HZ 749
A3} wisfae] A Tl o A7t vha depd
4 A, Case 4 (e-Constrained Method)] 7% 2
drbsslst AdEIFsE Alele] EALY EAE €0
= A Sl o= A Helglel] ueh ThE WA

T O_/l:% <)
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Table 6. Application Results of Hanoi Network
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s
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6,500,000

6,400,000

o et

6,200,000

6,100,000 — —

6,000,000

Case 1 Case 2 Case 3 Case 4
Case

Fig. 3. Box-Whisker plot of cost optimization in
Hanoi Network

Case Cost Function Values ($, 100 runs)
Average Max. Min.
(Penalty Funciisrle; 1Cj = 100,000) 6,284,774 6,529,598 6,093,506
(Feasi(b:ﬁ?fy 2Rules) 6,272,608 6,448,986 6,105,639
(Stochastic R(;l]ieinag; Pf = 0.1) 6,280,617 6,516,645 6,081,128
(e-Constrained (;szh:d ; e =10,000) 6,270,329 6,380,707 6,081,128

Table 7. Comparison Results among Other Previous Studies of Hanoi Network

Algorithm Cost Function Values ($) : NFEs
Average Max. Min.
Genetic Algorithm (GA)
(Reca et al. [35], 10 runs) 6,575,682 N/A 6,173,421 26,457
Simulated Annealing (SA)
(Reca et al. [35], 10 runs) 6,483,950 N/A 6,333,207 26,457
Mixed Simulated Annealing and Tabu Search (MSATS) 6.538.453 N/A 6,352,526 26457
(Reca et al. [35], 10 runs)
Ant Colony Optimization (ACO)
(Zecchin et al. [36], 20 runs) 6,394,000 6,635,000 6,134,000 85,571
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Table 8. Application results of Balerma Network

Case Cost Function Values (€, 30 trials)
Average Max. Min.
(Penalty Funciiic; 1Cj ~ 100.000) 2,518,255 2,626,390 2,386,613
(Fcasigﬁify zRulcs) 2,388,486 2,480,497 2,318,345
(Stochastic CRzij(iig; P£=0.1) 2,389,946 2,516,713 2,255,892
(e-Constrained (]:\?[:fh:d ; ¢ =10,000) 2,400,179 2,513,392 2,307,304

Table 9. Comparison Results among other Previous Studies of Balerma Network

Algorithm Cost Function Values (Best Values)
Genetic Algorithm (GA)
(Reca et al. [35]) 3,737,600
Simulated Annealing (SA)
(Reca et al. [35]) 475,740
Mixed Simulated Annealing and Tabu Search (MSATS)
(Reca et al. [35]) 3,298,268
Particle Swarm Harmony Search (Geem [37]) 2,601,000
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