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Abstract Harmony search (HS) is a recently developed metaheuristic optimization algorithm. HS is inspired by the
process of musical improvisation and repeatedly searches for the optimal solution using three operations: random
selection, memory recall (or harmony memory consideration), and pitch adjustment. HS has been applied by many
researchers in various fields. The increasing complexity of real-world optimization problems has created enormous
challenges for the current technique, and improved techniques of optimization algorithms and HS are required. We
propose an improved clustering harmony search (ICHS) that uses a clustering technique to group solutions in harmony
memory based on their objective function values. The proposed ICHS performs modified harmony memory
consideration in which decision variables of solutions in a high-ranked cluster have higher probability of being
selected than those in a low-ranked cluster. The ICHS is demonstrated in various optimization problems, including
mathematical benchmark functions and water distribution system pipe design problems. The results show that the
proposed ICHS outperforms other improved versions of HS.
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Table 1. Specification of benchmark functions

Benchmark problems

Optimal value

Number of decision variables

Rosenbrock (BF1) 0 2
Eason (BF2) -1 2
Griewank (BF3) 0 30
Ackley (BF4) 0 30

633
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Table 2. Definition of benchmark functions

BF1 : Rosenbrock

Minf(z) = 100(:L‘2 — Li)Q + (:L‘l —1)?
—2.048 <z,,z, <2.048

BF2 : Easom

Minf(z,y) =—cos (z)cos (y)exp(— ((z—7)* + (y—7)*))
—100 < 2,y < 100

BF3 : Griewank

30 30, x

Minf(x 4000 ET —Z}loo% i

—600 < z; <600

BF4 : Ackley

0.24/ 30123155

fcxp( 30 Eoo% 2mx, ))+20+0

i=1

f(a) =—20exp| —

—32<ux, <32

+& (Success rate) 503] 9] HHE
7 7R 22 gho] 9 AE 3
Wl Aolt}. BF1, BF29| 23} 7
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Table 3. Optimization results comparison of benchmark

functions

BF1 : Rosenbrock

HS THS ICHS
Mean error 7.88E-10 2.56E-13 3.29E-21
Best error 1.63E-11 2.16E-14 1.91E-22
Worst error 3.12E-09 5.08E-13 1.10E-20
Error’s SD 1.17E-09 1.48E-13 3.78E-21
Success rate 40 100 100
Mean NFEs 45,250 32,228 18,710

BF2 : Easom

HS THS ICHS
Mean error 1.10E-06 4.00E-01 0.00E+00
Best error 2.10E-09 3.33E-16 0.00E+00
Worst error 9.44E-06 1.00E+00 0.00E+00
Error’s SD 1.76E-06 5.16E-01 0.00E+00
Success rate 0 50 100
Mean NFEs - 28,202 8,303

BF3 : Griewank

HS IHS ICHS
Mean error 1.45E+00 4.94E-01 0.00E+00
Best error 1.31E+00 3.47E-01 0.00E+00
Worst error 1.52E+00 6.08E-01 0.00E+00
Error’s SD 6.63E-02 8.74E-02 0.00E+00
Success rate 0 0 100
Mean NFEs - - 328

BF4 : Ackley

HS IHS ICHS
Mean error 2.29E+00 2.74E-05 1.11E-09
Best error 5.26E-05 2.48E-05 4.44E-15
Worst error 4.97E+00 3.00E-05 1.01E-08
Error’s SD 1.99E+00 1.84E-06 3.04E-09
Success rate 0 0 100
Mean NFEs - - 146

ICHS+ BF191A] i 22} (Mean error), 71 £
QA (Best error)oll A 7HE 2 k& 7153 HS, IHSE
o e & = Ao® YEsth oAbl 2
A=} (Brror’s SD) L3k ICHS7F 714 2+ 48 7123}
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Table 4, Commercial pipe diameters and costs network HZAA Ay} vjuslsck
Pipe diameter (mm) Cost (€/m)

113.0 722 Table 5. Comparison of optimization results
1266 9.10 able o. P pumiz !
144.6 11.92 Applied algorithm Mini(néu&l)cost NFE
162.8 14.84
1808 538 GA (Reca et al. [18]) 3.738 45400
62 2860 SA (Reca ct al. [18]) 3.476 45,400
2850 53 MSATS (Reca et al. [18]) 3298 45,400
618 o2 HS (Geem [19]) 2601 45,400
4500 124.64 PSHS (Geem [19]) 2.633 45,400
5818 215.85 ICHS (This study) 2.225 45,400

IMBA (Sadollah et al. [21]) 2.064 45,400
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