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Abstract There are various optimization problems in real world and research continues to solve them. An
optimization problem is the problem of finding a combination of parameters that maximizes or minimizes the
objective function. Harmony search is a population-based metaheuristic algorithm for solving optimization
problems and it is designed to mimic the improvisation of jazz music. Harmony search has been actively applied
to optimization problems in various fields such as civil engineering, computer science, energy, medical science,
and water quality engineering. Harmony search has a simple working principle and it has the advantage of
finding good solutions quickly in constrained optimization problems. Especially there are various application
cases showing high accuracy with a low number of iterations by improving the solution through the empirical
derivative. In this paper, we explain working principle of Harmony search and classify the leading research in
recent 3 years, review them according to category, and suggest future research directions. The research is
divided into review by field, algorithmic analysis and theory, and application to real world problems.
Application to real world problems is classified according to the purpose of optimization and whether or not
they are hybridized with other metaheuristic algorithms.
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Fig. 2. Flowchart of harmony search([2]
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3. A= sty X A

X" = (g 2y 0 2y )
Fori=1,2, .., N
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Else
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Thew,i

bw : pitch adjusting bandwidth
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Table 1. Summary of review by field researches
related to HS

Brief description Reference

Basic HS, Modified HS, Hybrid HS Zhang & Geem [2]

Improved versions of HS, Contribution in

energy systems by using HS Nazari-Heris et af. [3]

HS algorithm applications in  Korea,

China, and Japan Nasir et al. [4]

Modified HS, Hybrid HS, Multi-Objective

HS for clustering application Abualigah et al. [5]

Comparison and analysis of HS and

other EA performance Vala et a. [6]

Structure optimization using HS,

Structural control Kayabekir st a. [7]

Proof of how HS converges to an

) ) Yoon & Geem [8]
optimal solution

HSol| &3t Hopd 2= Table 13} o] EFo3ich
HS €2dEY +&2 BEAR]AE= HSY +x WE,
HSe} o wekge A gaeEno] A3 disto
245199t HSY & WA 5822 ¥Ilst=
7hd st B E ol 81t 239 sty EX(adaptive
harmony search; AHS)¥ F}efu|g] AAo] Qi sHYy
S M(parameter setting free harmony search;
PSF-HS)5°l Sith. AHSE A2 319 A4 TgollA
HMCR¥ PARS ZFAst 27 +¥Z ®ARITH
PSF-HS= HMolH 5% 14ko] Ak 3149} £ Al
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=g

oA Al2gofAf o] HSofl thet 4B ofufA] &oF
oA H AME HHY HSS o] &&3t YA
AA”] gt A5 A6t

T 74 =719 HS 88 2 A AH[4lM =
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0| disf Aot =l IHSMTSA(improved
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Table 2. Summary of algorithm theory and analysis
researches related to HS

Brief description
Analysis method of update success rate,
take—k and take-all strategy
Problem of HS parameter setting and
PSF-HS, Advanced PSF-HS

Reference

Tuo et al. [9]

Jeong et al. [10]

Type-2 fuzzy system for PAR adjustment Castillo et al. [11]

PSF-HS= 574 W& 3leo] =gshd HMCR¥
PAR 3ol 0 &= 12 442 4 A= ZAVF A5y,
HHEo] T ZF A4S AR SlE HMOY A4 sto]
F7h HZ27t a7-Ho olHet £AIE 1 PSF-HSE
A tste] siAstATHI0L.

HSS] 71 PARS I8 Type-2 HA A|ARI[11]0]
A= HSOl A%2Q1 733} Karnik-Mendel(Continous
Enhanced Karnik-Mendel)9] ZAME ARSJCE 1
A3}, Type-2 HA| AAHY A4 H]E-S £0]1L PAR
#9 13 EAIE fZEF

5. &MA =l et HE

AAA At A-gold =dF HSE ol 8%t
A= Table 33} €o] 127122 & ‘5}913’_, o2 e
S AE drE|Ea) st HSo) st A= Table 49
Zo] 14102 B=3519)

Table 3. Summary of application to real world problems using standalone HS

Optimization Brief description Reference
purpose
Vanishing Point Detection Moon et al. [12]
Dynamic parameter adaptation, Optimal Fuzzy HS(OFHS) Castillo et al. [13]
Hyperparameter Optimization, Pattern Recognition Kim et al. [14]
Optimization of cost and co2, Reinforced concrete retaining walls Kayabekir et al. [15]
Parameter Optimization of cost and co2, Reinforced concrete cantilever soldier piles Arama et al. [16]
optimization Optimization of ply thickness and fiber orientation angles Cakiroglu et al. [17]
Optimization of structures size and cost, Cantilever soldier pile retaining walls Bekdas et al. [18]
Optimization of structures cross—sectional area, Plate girders Cakiroglu et al. [19]
Optimization of structures size and cost, Reinforced concrete retaining walls Arama et al. [20]
Optimization of PID parameter and structural response time Ulusoy et al. [21]
Combinatorial Max-Cut problem, Comparison of HS and GA Kim et al [22]
optimization Optimization of nozzle movement Toklu et al. [23]
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Table 4. Summary of application to real world problems using hybrid HS

Optimization Brief description Reference
purpose
Optimization of chlorine mass rates, HS-solver Ayvaz & Geem [24]
Optimization of operational cost, Multi-Player HS Nazari-Heris et al. [25]
Optimization of structures displacement, Variable HMCR and PAR Kayabekir et al. [26]
Parameter . - - -
optimization Optlmlzatlop of total p.otentlal energy and nodal displacement, Hybrid of HS and Kayabekir et al. [27]
Flower Pollination algorithm
Total potential optimization, Adaptive HS Toklu et al. [28]
Optimization of structures cost, Hybrid of adaptive HS and Jaya algorithm Yicel et al. [29]
Hybrid of Mayfly algorithm and HS(MA-HS) Bhattacharyya et al. [30]
Hybrid of Artificial Electric Field algorithm and HS(EHHM) Sheikh et al. [31]
Feature Ring Theory based HS(RTHS) Ahmed et al. [32]
selection
Facial emotion recognition model, Supervised Filter HS Saha et al. [33]
Colon cancer detection, k~-means clustering, Modified HS Bae et al. [34]
Combinatorial Multi-Objective HS(MOHS), Comparison of MOHS and Multi-Objective EA Prajapati & Geem [35]
optimization Task distribution, Adaptive HS, Power-aware algorithm Renugadevi et al. [36]
Network HS Algorithm-Bollinger Bands(HSA-BB), Optimization of total operating time Rajput et al. [37]
optimization 9 9 P P 9 1P :
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