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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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1. M2 19 RYE et oA FetE et 78
AxAtel = A9 E (Random Selection), 7]12}3]4¢

ot 2 A5E e Lokl A HHs 2= 7Fs® (Harmony Memory Consideration) % 3% %4 (Pitch
tieke] Aoz iy oAl sk 4ol 7MY Aed Adjustment)o] Utk 7191 FEAF FAolM A
S5 2 P om Aot o glvh HAY Sl Ak FHAW 85 F FES 2L 719sle] dFehs AFA
71 (Constraints)& W5k W9 oA F8lalal sz o] BAS makalglon FLA9)9] &8 dAFsE H¢
Aol whel A7 s = 523 (Objective Function)©] o kM eho] I ALt o, AFHUY < 7]
ol Akt #A35} VR ores dedor AgA S o] &of] A7gate= 37> Harmony Memory (HM)2hl
W, mAEAY B AN S 2 A AN st mal Mg &8 nxAse] o 2L 8-S
o] el e =Ee] fal AREEAT. olH R e S gxxA Ho R Hesart e
T A3} 7SS VIRACE AYAL VNS T o myisE s} o] AgEE B uAgte s
3] 35 Artetgion, At AANEE AXNEA AF  2eEH, H4HE Ead wa HHo] e de =
Elo] 93t AabgEe] dat I A3} o]2o] A3 Zay] el HES WA Ao s WAR

dr= Bea, w8, AdAE, A9 T vEE £ o] gtk
ofell whE Al HA Wik oleldt ZAIE JNdatr] Sl shaEAH el sEA
a2 ol @ ekl Ve HH3 ZAE A4 71HE APHAZIAY aHAQ visRige] HA S a1
o}v— uww)f AR, AR Tl wek 4849 9 @e A77h JAH AT Mahdavi et al. [8]F 2.2
b A ek =3, A5 241 RV el A8 35 wel 259 2 Pitch Adjusting Rate (PAR)

1

Bandwidth (BW) 3te] W3&}i= Improved Harmony
Search (IHS)Z 704519 21, Omran®} Mahdavi [9]&
A0 < el pPARY FEEZ HM W 7FF 53 s 2w

Frel2E (Metaheuristic) 7]'He] 7= STk 19754, 2 $4o® 1#3HE Global-best Harmony Search
X }°l 11:@}014 e R A daElE (GHS)E skt Pan et al. [10] HMS 2 57
# olF, viEe R HME o] & gAetal Addshs Has

28 duEFel A S 353 GAHAT olF  m<lale] S no AgeA S £ e
<= 2ste] Jtte duglFoRs 958 Local-best Harmony Search with Dynamic population
W (Simulated Annealing,  (DLHS)S 7§23}3th. Wang®} Huang [11]3= BWE]

SA) [3], /iVlEe] HEsS B3 ADARE F= 4 NS ol Jx 248 g 49 HMo| 7z 24w
S 2 /v ¢ae]E (Ant Colony Optimization o] Hulzk & H4=7k Alol9] FholA] RS- 3= EHAlE)
Algorithm, ACO) [4], &% THAM YT E o]Fst = Self-adaptive Harmony Search (SaHS)E 7|23}
= @S 2 QAR AHE7IY (Particle Swarm 1], Zou et al. [12]2 Novel Global Harmony Search
optimization PSO) [5], &oFe] 845 H-olA 2 (NGHS)9] /S B3l 7]& HSC] wi/Hds thal A1
h, HS) [6], 25 Wol 327} (Trust region)o]2h= 7dS o] 83t A2 e 3=
= HGl o] AXFSISGEE. Pan et al. [13]£ Harmony Memory
&aLE]E (Firefly Algorithm, FA) [7] 5°] 91tk ©]218t  Consideration Rate (HMCR) 2 PAR®] 7S 54 A8

E}t ‘:‘Jﬁ‘golg% EolHoE d4

Hetfrel =8 dugsed ek FEReAl Bk oly semin) AFREE Auksle] 71E WAHSE 1A
e, AA Tt A3 SAE fAdsty] fla AT gor dps MARZES AAT 5 A= Self-adaptive
ol Ao HEH Uk Global Harmony Search (SGHS)Z #A15+1t}. Yadav

SRS 71RA R oMo FEAFE B et al. [14]E 7]E SN FX2A4 7HS W
HEz JpEdlon, AF7E AL PR AFAE sfo] A LA (Local Search)? WA (Global
of %ol &dEo] ATt MMHI, HEHOEE X Search) & EAlo] E&H o= 23t 5 9= e 7
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Table 1. Definition of mathematical benchmark problems

D—1
Rosenbrock [16]  f(z) = 3, [100(z;4; — a?)?+ (z;,— 1)?]

Valley-shaped =1
(Valley-shaped) —30<a, <30

D
Step function [18] )= [z, +0.5]2

(Finite linear combination) it
~100 < z, < 100

D
Schwefel function 2.26 [17]f (z) = 418.98* D E [—2sin/]e] ]

Many local optimums =t
(Many ptimums) —512 < x, < 512

M

Rastrigin function [19]  f(z) = Y, [#?— 10cos (27x;) + 10]

(Many local optimums) =1

—5.12 <z, < 5.12

D
flo)=— ZOexp(f 0.2 \/E)
Dr: 1
Ackley function [20]
1 2
(Funnel-shaped) - exp( % E cos (27r1:, ))+ 20+e€
i=1

—32< 1, <32

2 Sk E Al Adss vagk 4aEEES Ve
e IHS, GHS, NGHS, SaHS, 2 ITHS
[6,8,9,11,12,14] o™, B5F 7]& g}-3EA o] nj7H4

PAR % BW<] A&7 3 F4313 ) [8-14]. Yadav et
al. [14]914 AAFHZ F 50,0000 9] HEEA RS =3
slo] Tt }JJ_QE A5 AL A8l 71¥ HS
ol9lo t}E L u#]ES PAR % BW #S nAEA &
%kom, Ko7t ZJ@E%OH utel WEstes 4743kl
PARmin¢} PARmax+= 717} PAR #t9] H4 9 HOE
o) &H, BWmin® BWmax 94| Y&}

3

A Wi nkA FAC A8 2 daE]Ee] ush
A4 e 7)E FARAE AANF A3 viEe s O
s AABATE [9,14]. TS HluE 3 /1€
ZAPA W A4S B8 AAS HA ] ujEa
s 28319tk Table 204 ZF dare]Fel wizl
F TS HoFEU HMS e BF 1008 Fdsith

Table 2. Parameter values of the algorithms

HS IHS GHS NGHS SaHS ITHS CcHS

HMCR 0.9 0.9 09 099 099 099 099

Name Function o o - - - - -

(Characteristic) PARmin - 0.01 0.01 - 0.01 0.01 0.01
D.

Sphere [16] flz)= ZT? PARmax - 0.99 0.99 - 0.99 0.99 0.99

(Bowl-shaped) =t BW 0.01 - - - - -

—100 < z; < 100
P P BWmin - 0.0001 - - - -
Schwefel function 2.22 [17] @)=Y+ Iz, wy—1,
(V-shaped) =1 =1 BWmax ET ) ) )
—10< 2, <10
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o shg e e v dag Sy a2 F71e

NGHS 224E-09  696E-10  3.80E-09  8.36E-10
WA F Frp R Ngy©l 30 AAsjoRsic), & SaHS 2.62E-05  249E-06  6.84E-05  2.13E-05
ITHS 0.00E+00  0.00E+00  0.00E+00  0.00E+00
A= 5y HX 3t LAl s mpyiEsE 7t CcHS 0.00E-00  0.00E+00  0.00E-00 _ 0.00E+00
= blem : Rosenbrock
30, 40, 123 302 HAT Algorithm: pro
? ? E] = }9;\‘:]— OrTms Mean Best ‘Worst SD
Zt da8]E9] AAes nuEAs] $8 £ 5039 HS 1.92E+02  LI3E+02  245E+02  3.18E+01
o = 1 =] S s + + + +
%%,\] 53% %0}0:] %7:”51_@‘% g’:?sg 0]_911:]_. %%]/\] 3] %] THS 1.34E+02  2.44E+01  2.33E+02  5.32E+01
R . ; : GHS 1.78E+01  5.07E-03  291E+01  1.23E+01
L =z =] = =3 p=
T 71E THENA A 10, 30, 50 2 100 FHE2 NGHS 4.08E+00  6.82E-03  147E+01  4.10E+00
ﬁaﬂ]’% H] *75—]_01 ﬁa;g]g—]_gi];}_ [8,11,12,16]. 50§] U] El_}-g)/] SaHS 3.11E+01 2.36E+01 9.06E+01 1.55E+01
im0l A0 Aol s . o ITHS 9.44E+00  7.05E-03  270E+01  L.12E+01
=g g Aake] WAzt 27) el 7+ dave] CcHS 176E+00  4.05E-04  5.66E+00  1.78E+00
9 Aes TG vad 4 §lglen, 503] o]/ Algorithms problem : Step
Mean Best Worst SD
32~ 710 7} o) = 7ol 1% o] &
AR g2 7 darels date] A7 Al gigivh HS 1.08E-01  9.77E-04  1.61E01  3.83E-02
AFE ] Al AI7HE 15k ) B AvE = HS 3.26E-07  2.40E-07  3.88E-07  4.91E-08
i _ GHS 928E-05  3.48E-07  2.66E-04  8.76E-05
Z5l= =3IA)E3]2 ZFO. 71O X%.Q_;h o
=ohs SRRl TEd ¥ AL #s sk 2] NGHS 6.17E-17  3.67E-18  168E-16  4.89E-17
egdstnz =P 3142 £ 5032 A4S SaHS 7.67E-13  552E-17  422E-12  1.I8E-12
s ITHS 227E-18  0.00E+00  4.40E-17  841E-18
oly1gl=o] HA A= gl s TIX Hix
daese] AHg A vlaLs A8 6714 13 CcHS 0.00E+00  0.00E+00  0.00E+00  0.00E+00
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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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