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Abstract Harmony Search (HS) is a recently developed metaheuristic algorithm that is widely known to many
researchers. However, due to the increasing complexity of optimization problems, the optimal solution cannot be
efficiently found by HS. To overcome this problem, there have been many studies that have improved the performance
of HS by modifying the parameter settings and incorporating other metaheuristic algorithms. In this study, Copycat
HS (CcHS) is suggested, which improves the parameter setting method and the performance of searching for the
optimal solution. To verify the performance of CcHS, the results were compared to those of HS variants with a set
of well-known mathematical benchmark problems. The effectiveness of CcHS was proven by finding final solutions
that are closer to the global optimum than other algorithms in all problems. To analyze the applicability of CcHS
to engineering optimization problems, it was applied to a design problem for Water Distribution Systems (WDS),
which is widely applied in previous research. As a result, CcHS proposed the minimum design cost, which was
21.91% cheaper than the cost suggested by simple HS.
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, _ Rosenbrock [16] [100(z;o— 22)*+ (z,— 1)?
==t 2] A] 3 — Ti+1 i i
=9 uhA At ok 16
—30<x, <30
D
Harmony Consideration Step function [18] f(uL) _ E [;1;7+0,5]2
L L =
—_— ! = : (Finite linear combination) ~100 < 2, < 100

Schwefel function 2.26 [17]f(x') = 418.98* D+ Z[ wsiny/[z,] ]

Pitch Adjustment (Many local 0pt1mums)

—512 <z, <512

D,
Rastrigin function [19] fla)= Z [ar?* 10cos (27x;) + 10]
i=1

Many local optimums
(Many ptimums) —512< 2, <5.12

D
flx) =—20exp(—0.2,/iD ;If )
Ackley function [20]
D
(Funnel-shaped) - exp( v % 3 cos (27, ))+ 20+¢
i=1

—-32<x; <32
2 Sl %S st gaEsES vE
3}2eA THS, GHS, NGHS, SaHS, % ITHS
Fig. 1. Flowchart [6,8,9,11,12,14] o], B5F 7] s8] w7 HS

PAR 2 BW2| Z&7|HS A3} [8-14]. Yadav et
al. [14]01A4 #AABHARZ & 50,0000 2] BHE-AALS =33
ao] BAG 2702 s 4% APt 71 HS
o]¢]o] ThE & 1E]ELS PAR 2 BW LS 1ASHA &
3.1 58 HA s 24 ghom, mo7h el upeh wgshes AAsiiiv
2 ol e daelze] Ase Agay] ¢ PARminS PARmax 7 PAR gtef A % A
71 70 o A5 o 2 S v AAFISF, BWmind} BWmax 5] SR,
2o ) SSHAWS A GG [9,11,12,14] TEH WA FAY 82 2
© Table 194 318 2 glom, 7} Bl v ga 0T #F 71 EREAS AA

Hels] A9 2 Yo nol) el Guolge  HE LIAAD D14 TR
2N U BAE B ANG ARl ol

=

3. 48 H A%

b

rl_

o,

Re AR o Wasslel AT, 7 BAY 5
A At ek Aw e A83kt} Table 20A &= 7 dag]59] w7

2 Table 1] 2HdskiTh

2~ [e) = =]
RE BAlo] AW 30 o], 2 BAle] Ads T e HAFETE HMS #& BF 10202 Fdsich
0 D

= BAle] ARG Agoln], 4,
Table 2. Parameter values of the algorithms

HS IHS GHS NGHS SaHS ITHS CcHS

Table 1. Definition of mathematical benchmark problems HMCR 0.9 0.9 09 0995 099 099 099
Name i PAR 0.3 - - - - - -
L. Function ‘
(Characteristic) PARmin - 0.01 0.01 - 0.01 0.01 0.01
D
Sphere [16] E PARmax - 099 099 - 099 099 099
(Bowl-shaped) - BW 0.01 - - R R - _
—100 < z; < 100
BWmin - 0.0001 - - - - -
Schwefel function 2.22 [17] fla)= E |@;|+ H%’ P
(V-shaped) i=1 i=1 BWmax - o - _ _ _

—10<2; < 10
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29 Sl EAH e v da sy tEA F714 NGHS 224E-09  696E-10  3.80E-09  8.36E-10
ARG Fp Frp @ Nyl 3-8 ARsokaic), 2 SaHS 2.62E-05  249E06  6.84E05  2.13E-05
ITHS 0.00E+00  0.00E+00  0.00E+00  0.00E+00
ATl M= 74 HA3E Al Y wAvTE Z CcHS 0.00E-00  0.00E+00  0.00E-00  0.00E+00
= blem : Rosenbrock
30, 40, 18] 30 AASIATh Algorithms pro
ﬂ = ]‘;\;\‘:]' £OTIAmS Mean Best ‘Worst SD
Zt daE)Fe] oS nluEds] f8 £ 5039 HS 192E+02  LI3E+02 245102 3.18E+01
ZAN S Edlo] EARAMS Saagk SYAE 3] THS 1.34E+02  2.44E+01  2.33E+02  5.32E+01
N GHS 178E+01  5.07E-03  291E+01  1.23E+01
e =] = =
FE 71E T EAA AAS 10, 30, 50 F 100 FHE< NGHS 4.08E+00  6.82E03  1.47E+01  4.10E+00
Ql}-%— H]ﬂg—]_o;‘l 7526]6—]_ }\E]— [8,11,12,16]. 50§] U] ‘_]._9,] SaHS 3.11E+01 2.36E+01 9.06E+01 1.55E+01
s R o o Lo ITHS 9.44E+00  7.05B-03  2.70E+01  L.12E+01
Sl s date] fxt A7) vl 74 dae CcHS 1.76E+00  4.05E-04  5.66E+00  1.78E+00
=9 A5S FAA v = gldlom, 503 o] Algorithms problem : Step
o - Mean Best Worst SD
AlY3lg ke 7b daels A3l Hapk A9 fidith HS 08E01 _ 9.77E-04 _ 1.61E-01  3.83E-02
AFTE Y] AAl A7 EES W HLE AnE ¢ THS 326E-07 240E07  3.88E07 4.91E-08
] ) GHS 9.28E-05  348E-07  2.66E-04  8.76E-05
=3 =ala) 5] 2 2O 719 AAF= Ao
Fohs SEARS TR T JFL s AEshs Aol NGHS 6.17E-17  3.67E-18  1.68E-16  4.89E-17
gtz =Alg) 342 £ 5032 AAET SaHS 7.67E-13  5.52E-17  4.22E-12  LIBE-12
e ITHS 2.27E-18  0.00E+00  4.40E-17  8.41E-18
etug|Ze A3 s nus THA] AdE*
aefEe] A8 45 vl 713 6744 13 CcHS 0.00E+00  0.00E+00  0.00E+00  0.00E+00
(Best, Worst, Mean, Standard Deviation, Successful Algorithms problem : Schwefel 2.26
. - Mean Best Worst SD
Rate, Mean Iteration)S AF&3}%t}. Successful Rate
> )= }° P HS 220E+01  1.22E+01  2.98E+01  4.67E+00
(SR)°|&, 7+ dag]Fe] g vlastr] fl8) 2 AT IHS 9.94E08  472E-08  1.84E-07  3.37E-08
9 g - . - GHS 8.72B-03  6.17E-06  3.66E-02  1.11E-02
A AL I Folt) S'—XJJ_ HZE 935
I A8 d7prlseeltt. e lnE #istel NGHS 937E-12  8.I3E-12 9.95E-12  4.79E-13
5 o =)
Yadav et al. (2012)¥} 5L 21 H831%0mH, 7} SaHS 937E-01  147E-03  3.08E+00  8.57E-0
A3 BAo] tishe] SlEA AT R sy 9 ITHS 7.48B-12  6.82B-12  8A47E-12  5.85E-13
CcHS 2.62E-12  2.05E-12  3.30E-12  3.17E-13
& 107°9) gh& FohA wixvia EA)9] 8w 7)o A oorith problem : Rastrigin
gorithms
=) 5 = 5 Mean Best Worst SD
2 AR 141 & = ZJO];]Z—]O EFA A 3 Z
dstlnt [14]. 5, =A%) =3 g A HS 4.09E01  3.77E02  1.0SE+00  4.68E-01
O I~ =] =) =) f
fol 7| TE -3l g EAlol tiaiAE A IHS I.I2E+00  7.05E02  2.00E+00  5.99E-01
ﬁﬂoﬂ _}l\‘e\:jr@' 7).19_; Zl__z,_@q_ %_ 50§9’] 5%‘1 ]gg % GHS 1.41E-03 9.66E-06 5.14E-03 1.39E-03
R o] g NGHS 242E-14  533E-15  657E-14  1.67E-14
FHEs 3142 Jrletdth ga2o, & ga FEEE SaHS 332E400  1.33E+00  4.45E+00  8.44E-01
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Table 5. Results for Balerma Network

Optimization results (€ million)

Best Cost 2.031
Mean Cost 2.166
Worst Cost 2.306
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