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ABSTRAK

Algoritma Pencarian Harmoni (HS) telah diterima pakai secara meluas dalam literatur
untuk menyelesaikan masalah pengoptimuman dalam pelbagai bidang seperti seni reka
perindustrian, kejuruteraan awam, kejuruteraan elektrik dan kejuruteraan mekanikal.
Bagi mencapai prestasi pencarian, HS memerlukan pelarasan terhadap empat parameter
kawalan iaitu saiz pencarian harmoni (HMS), nilai pertimbangan ingatan harmoni
(HMCR), nilai penyesuaian nada (PAR) dan jalur lebar (BW). Proses pelarasan ini
kebiasaannya rumit dan bergantung kepada masalah yang dihadapi. Tambahan pula, tiada
satu saiz yang sesuai untuk semua permasalahan.

Meskipun terdapat pelbagai kajian lepas yang bermanfaat, HS dan variannya masih
mengalami eksploitasi lemah yang membawa kepada masalah konvergen. Dalam
menyelesaikan masalah tersebut, tesis ini mencadangkan untuk menambah baik HS
melalui pelarasan adaptif menggunakan Pengoptimum Serigala Kelabu (GWO).
Sementara itu, tesis ini juga mencadangkan untuk mengguna pakai varian baru teknik
pembelajaran berdasarkan pertentangan (OBL) bagi meningkatkan eksploitasi HS.

Secara keseluruhan, IHS-GWO bertujuan untuk menyelesaikan masalah pengoptimuman
berterusan. IHS-GWO dinilai menggunakan dua set penandaan aras dan dua masalah
pengoptimuman dunia nyata. Set penandaan aras pertama merangkumi 24 fungsi unimod
dan multimod tanda aras yang klasik. Manakala set penandaan aras kedua mempunyai 30
fungsi tanda aras terkini daripada Kongres Pengiraan Evolusi (Congress on Evolutionary
Computation (CEC)). Kedua-dua masalah pengoptimuman dunia nyata melibatkan reka
bentuk kekuda tiga bar dan spring. Analisis statistik telah dijalankan dengan
menggunakan Ujian Wilcoxon Rank Sum dan Friedman terhadap hasil dapatan IHS-
GWO. Hasil analisis menunjukkan prestasi yang lebih baik untuk IHS-GWO berbanding
varian HS terkini dan lain-lain pendekatan metaheuristik.



ABSTRACT

Harmony Search (HS) algorithm has been extensively adopted in the literature to address
optimization problems in many different fields, such as industrial design, civil
engineering, electrical and mechanical engineering problems. In order to ensure its search
performance, HS requires extensive tuning of its four parameters control namely
harmony memory size (HMS), harmony memory consideration rate (HMCR), pitch
adjustment rate (PAR), and bandwidth (BW). However, tuning process is often
cumbersome and is problem dependent. Furthermore, there is no one size fits all
problems.

Additionally, despite many useful works, HS and its variant still suffer from weak
exploitation which can lead to poor convergence problem. Addressing these
aforementioned issues, this thesis proposes to augment HS with adaptive tuning using
Grey Wolf Optimizer (GWQ). Meanwhile, to enhance its exploitation, this thesis also
proposes to adopt a new variant of the opposition-based learning technique (OBL).

Taken together, the proposed hybrid algorithm, called IHS-GWO, aims to address
continuous optimization problems. The IHS-GWO is evaluated using two standard
benchmarking sets and two real-world optimization problems. The first benchmarking
set consists of 24 classical benchmark unimodal and multimodal functions whilst the
second benchmark set contains 30 state-of-the-art benchmark functions from the
Congress on Evolutionary Computation (CEC). The two real-world optimization
problems involved the three-bar truss and spring design. Statistical analysis using
Wilcoxon rank-sum and Friedman of IHS-GWO’s results with recent HS variants and
other metaheuristic demonstrate superior performance.



TABLE OF CONTENT

DECLARATION

TITLE PAGE
ACKNOWLEDGEMENTS
ABSTRAK

ABSTRACT

TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

1.1  Overview of Optimization
1.2 Research Motivation

1.3 Problem Statement

1.4  Research Aim and Objectives
1.5  Research Scope

1.6 Thesis Outline

CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

2.2  Efficient Metaheuristic Algorithms from Different Families for Solving

Continuous Optimization Problems

2.2.1 Heat Transfer Search

xii

Xiii

Xiv

10

10



2.3

2.4

2.2.2

2.2.3

2.24

Multiverse Optimizer
Salp Swarm Algorithm

Harris Hawk’s Optimization Algorithm

Continuous-Based Harmony Search Variants

23.1

2.3.2

2.3.3

2.34

2.3.5

2.3.6

Original HS Algorithm

An Improved Harmony Search Algorithm for Solving

Optimization Problems
Global Best Harmony Search

An Improved Global-Best Harmony Search Algorithm for Fast
Optimization
Global Harmony Search with Generalized Opposition Based

Learning

An Improved Differential Harmony Search Algorithm for

Function Optimization Problems

Hybrid of the Harmony Search algorithm

24.1

2.4.2

2.4.3

244

2.4.5

2.4.6

2.4.7

Hybrid Harmony Search Algorithm with Sequential Quadratic

Programming for Engineering Optimization Problems

Hybrid Harmony Search Algorithm for Minimizing the Total
Flow Time in a Flow Shop

Hybrid Harmony Search with Stochastic Local Search for

Feature Selection
Hybrid Harmony Search Algorithm for Nurse Rostering Problem
Hybrid Harmony Search and Simulated Annealing

Hybrid Harmony Search-Based Algorithm for Solving

Multidimensional Knapsack Problems

Hybrid harmony Search Algorithm with Differential Evolution
for Day Ahead Scheduling Problem

Vi

14

16

19

23

23

27

28

28

29

31

31

32

33

33

34

34

35

35



2.4.8

Hybrid Harmony Search and Cuckoo Optimization Algorithm for

Load Frequency Control

2.5  Applications of Harmony Search algorithm

2.5.1

2.5.2

2.5.3

2.54

2.5.5

2.5.6

Industrial Applications

Computer Science Problems
Electrical Engineering Problems
Civil Engineering Problems
Mechanical Engineering Problems

Biological and Medical Applications

2.6 Research Gap

2.7  Summary

CHAPTER 3 RESEARCH METHODOLOGY

3.1 Introduction

3.2  Research Methodology

321

3.2.2

3.2.3

Phase 1: Literature Review
Phase 2: Designing and Implementing the Proposed Algorithm

Phase 3: Evaluating the Proposed Algorithm

3.3 Evaluating test cases

331

3.3.2

3.3.3

Classical Benchmark Functions

CEC Comepetition on Single Objective Real-Parameter Numerical

Optimization

Real-world Optimization Problems

3.4 Summary

vii

36

38

38

39

39

40

40

41

43

44

45

45

45

47

47

48

49

50

51

53

55



CHAPTER 4 DESIGN AND IMPLEMENTATION OF (IHS-GWO)

ALGORITHM

4.1 HS Algorithm

4.2  Modified OBL Technique

4.3 Improved HS Using Modified OBL Technique
4.4  Grey Wolf Optimizer (GWO)

4.5  Hybrid Algorithm of HS-GWO

46  Proposed IHS-GWO Algorithm

4.7  Example: IHS-GWO for Solving Sphere Problem
4.8 Summary

CHAPTER 5 RESULTS AND DISCUSSION

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

Introduction
Effects of HMS and HMCR on the IHS-GWO

Analysis of the Performance of the HS-GWO, IHS, and Overall Proposed
Algorithm IHS-GWO

Comparison of IHS-GWO and Recent HS Variants
Comparing IHS-GWO with Other Metaheuristic Algorithms
Convergence Rate Analysis

Real-World Applications

Summary

CHAPTER 6 CONCLUSION

6.1

6.2

6.3

6.4

Introduction
Obijectives Revisited
Contributions

Limitations

viii

56

56

58

59

61

63

64

68

71

72

72

73

76

78

84

90

93

94

96

96

96

97

98



6.5 Future Works 98

REFERENCES 100

APPENDIX A 24 Standard Benchmark Functions 114



Table 2.1
Table 2.2
Table 2.3
Table 3.1
Table 3.2
Table 4.1
Table 4.2
Table 4.3
Table 5.1
Table 5.2
Table 5.3
Table 5.4

Table 5.5

Table 5.6
Table 5.7
Table 5.8
Table 5.9
Table 5.10
Table 5.11

Table 5.12

Table 5.13

Table 5.14
Table 5.15
Table 5.16
Table 5.17
Table 5.18
Table 5.19

Table 5.20

LIST OF TABLES

Comparison of Studied Problems

Applications of HS

Research Gap

Benchmark Functions (T: Type, GOV: Global Optimum Value)
Summary of the CEC’ Test Functions

HS Initialization (for Benchmark Function)

GWO Initialization (for BW and PAR)

HS Improvisation Based On PAR=(0.2969) and BW=(0.0895)
Parameter Setting for IHS-GWO

Effects of HMS on the Performance of IHS-GWO (HMCR = 0.99)
Effects of HMCR on the IHS-GWO performance (HMS = 5)

Friedman Test Results: Effect of HMS on the IHS-GWO
Performance

Friedman test results: effect of HMCR on the IHS-GWO
performance

IHS-GWO vs HS, Hybrid, Improved HS

Parameter Setting for HS Variants

Mean for the Benchmark Function Optimization (D = 30)

Mean for the Benchmark Function Optimization (D = 50)

Mean for the Benchmark Function Optimization of CEC (D = 30)

Wilcoxon Rank-Sum Test Results of the IHS-GWO vs. HS
Variants (30d)

Wilcoxon Rank-Sum Test Results of the IHS-GWO vs HS
Variants (50d)

Wilcoxon Rank-Sum Test Tesults of The IHS-GWO vs. HS
Variants (30d) for CEC

Friedman Test Results of The IHS-GWO vs. Other Metaheuristics
Parameter Setting for the Compared Algorithms

Mean for Benchmark Function Optimization (D = 30)

Mean for Benchmark Function Optimization (D = 50)

Mean for Benchmark Function Optimization of CEC (D = 30)

Wilcoxon Rank-Sum Test Results of IHS-GWO vs Other
Metaheuristic Algorithms (30d)

Wilcoxon Rank-Sum Test Results for IHS-GWO vs Other
Metaheuristic Algorithms (50d)

37
41
43

51
68
69

74
75

76

76
77
79
80
81
82

83

83

84
84
86
86
87
88

89

89



Table 5.21

Table 5.22

Table 5.23

Wilcoxon Rank-Sum Test Results for IHS-GWO vs Other

Metaheuristic Algorithms (30d CEC) 90
Friedman Test Results of IHS-GWO vs Other Metaheuristic

Algorithms 90
Mean and Time of Real-World Applications 93

Xi



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 3.1
Figure 3.2
Figure 3.3
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 5.1
Figure 5.2
Figure 5.3

Figure 5.4

LIST OF FIGURES

Heat Transfer Search General Process

Multiverse Optimizer General Process

Salp Swarm Algorithm General Process

Harris Hawks Algorithm General Process

Harmony Search General Process

Research Methodology Phases

Schematic of Tension/Compression Spring Design Problem
Three Bar Truss Design Problem

Pseudo Code of the HS Algorithm

Pseudo Code of the Modified Opposition Algorithm
Pseudo Code of Improved HS Algorithm (IHS)
PseudoCode of GWO Algorithm

PseudoCode of IHS-GWO Hybrid Algorithm

General Process of IHS-GWO

Convergence Curve for F1 IHS-GWO vs Other HS variants
Convergence Curve for F8 IHS-GWO vs Other HS variants

Convergence Curve for F1 IHS-GWO vs. Other Metaheuristic

Algorithms

Convergence Curve for F8 IHS-GWO vs. Other Metaheuristic

Algorithms

xii

11
15
17
22
25
46
54
54
57
59
60
64
66
67
91
92

92

93



f(X3)

23

~

SMS

e o ™

cos
sin

exp

LIST OF SYMBOLS

Obijective function

Exponential

The variable of the problem

New modified variable of the problem
Infinity

Average

Random number between 0 and 1
Alpha

Beta

Delta

Omega

Cosine

Sine

Exponential

Xiii



EA
HM
CEC
NP-hard
HS
IHS
GHS
NI

SA
PAR
BW
HMCR
GWO
OBL
HMS
DHBest
HS-SA
DE
IEEE
uB

LB

Rand
Var
Gauss

temp;
30D
50D

LIST OF ABBREVIATIONS

Evolutionary algorithm

Harmony Memory

Congress on Evolutionary Computation
Non-deterministic polynomial-time
Harmony Search Algorithm

Improved Harmony Search Algorithm
Global-best Harmony Search Algorithm
Number of Iterations

Simulated Annealing Algorithm

Pitch adjustment rate

Bandwidth

Harmony Memory Accepting Rate

Grey Wolf Optimizer

Opposition-Based Learning

harmony memory size

differential-based harmony search algorithm
Hybrid Harmony Search and Simulated Annealing
Differential Evolution

Institute of Electrical and Electronics Engineers
Upper Bound

Lower Bound

Number of decision values

Random number between 0 and 1

Variance

Gaussian distribution

Temporary value

30 dimensions

50 dimensions

Xiv


https://en.wikipedia.org/wiki/NP_(complexity)

REFERENCES

Abed, S. A, Tiun, S. & Omar, N. 2015. Harmony search algorithm for word sense
disambiguation. PloS One, 10, e0136614.

Abedinpourshotorban, H., Hasan, S., Shamsuddin, S. M. & As' sahra, N. F. 2016. A
differential-based harmony search algorithm for the optimization of continuous
problems. Expert Systems with Applications, 62, 317-332.

Abualigah, L., Shehab, M., Alshinwan, M. & Alabool, H. 2019. Salp swarm algorithm:
a comprehensive survey. Neural Computing and Applications, 1-21.

Al-betar, M. A., Awadallah, M. A., Khader, A. T. & Bolaji, A. L. A. 2016. Tournament-
based harmony search algorithm for non-convex economic load dispatch
problem. Applied Soft Computing, 47, 449-4509.

Al-betar, M. A., Doush, I. A., Khader, A. T. & Awadallah, M. A. 2012a. Novel selection
schemes for harmony search. Applied Mathematics and Computation, 218, 6095-
6117.

Al-betar, M. A. & Khader, A. T. 2012. A harmony search algorithm for university course
timetabling. Annals of Operations Research, 194, 3-31.

Al-betar, M. A., Khader, A. T. & Liao, I. Y. 2010. A harmony search with multi-pitch
adjusting rate for the university course timetabling. Recent Advances in Harmony
Search Algorithm. Springer.

Al-betar, M. A., Khader, A. T. & Zaman, M. 2012b. University course timetabling using
a hybrid harmony search metaheuristic algorithm. IEEE Transactions on Systems,
Man, and Cybernetics, Part C (Applications and Reviews), 42, 664-681.

Alinaghian, M. & Goli, A. 2017. Location, allocation and routing of temporary health
centers in rural areas in crisis, solved by improved harmony search algorithm.
International Journal of Computational Intelligence Systems, 10, 894-913.

Alsewari, A., Zamli, K. & Al-Kazemi, B. 2015. Generating t-way test suite in the
presence of constraints. Journal of Engineering and Technology (JET), 6, 52-66.

Alsewari, A. A. & Zamli, K. Z. 2011. Interaction test data generation using harmony
search algorithm. In IEEE Symposium on Industrial Electronics and Applications
(ISIEA), . IEEE.

Alsewari, A. R. A. & Zamli, K. Z. 2012a. Design and implementation of a harmony-
search-based variable-strength t-way testing strategy with constraints support.
Information and Software Technology, 54, 553-568.

Alsewari, A. R. A. & Zamli, K. Z. 2012b. A harmony search based pairwise sampling

strategy for combinatorial testing. International Journal of Physical Sciences, 7,
1062-1072.

100



Artar, M. & Daloglu, A. T. 2018. Optimum weight design of steel space frames with
semi-rigid connections using harmony search and genetic algorithms. Neural
Computing and Applications, 29, 1089-1100.

Askarzadeh, A., Montazeri, M. & Coelho, L. D. S. 2019. A modified harmony search
algorithm applied to capacitor placement of radial distribution networks
considering voltage stability index. International Journal of Bio-Inspired
Computation, 13, 189-198.

Assad, A. & Deep, K. 2018. A hybrid harmony search and simulated annealing algorithm
for continuous optimization. Information Sciences, 450, 246-266.

Ayvaz, M. T. 2009. Application of harmony search algorithm to the solution of
groundwater management models. Advances in Water Resources, 32, 916-924.

Back, T., Fogel, D. B. & Michalewicz, Z. 2018. Evolutionary computation 1: basic
algorithms and operators, CRC press, Boca Raton, Florida, USA.

Baykasoglu, A. & Ozsoydan, F. B. 2015. Adaptive firefly algorithm with chaos for
mechanical design optimization problems. Applied Soft Computing, 36, 152-164.

Bilbao, M. N., Ser, J. D., Salcedo-Sanz, S. & Casanova-Mateo, C. 2015. On the
application of multi-objective harmony search heuristics to the predictive
deployment of firefighting aircrafts: a realistic case study. International Journal
of Bio-Inspired Computation, 7, 270-284.

Bo, G., Huang, M., Ip, W. & Wang, X. 2009. The harmony search for the routing
optimization in fourth party logistics with time windows. In IEEE Congress on
Evolutionary Computation.: IEEE.

Castillo, O., Melin, P., Valdez, F., Soria, J., Ontiveros-Robles, E., Peraza, C. & Ochoa,
P. 2019a. Shadowed type-2 fuzzy systems for dynamic parameter adaptation in
harmony search and differential evolution algorithms. Algorithms, 12, 17.

Castillo, O., Valdez, F., Soria, J., Amador-Angulo, L., Ochoa, P. & Peraza, C. 2019b.
Comparative study in fuzzy controller optimization using bee colony, differential
evolution, and harmony search algorithms. Algorithms, 12, 9.

Ceylan, H., Ceylan, H., Haldenbilen, S. & Baskan, O. 2008. Transport energy modeling
with meta-heuristic harmony search algorithm, an application to Turkey. Energy
Policy, 36, 2527-2535.

Cheng, J., Liu, X. & He, S. 2018. Improved novel global harmony search algorithm to
optimize the timetable problem of maglev train system. In fourteenth IEEE
International Conference on Signal Processing (ICSP). IEEE.

Cheng, M.-Y ., Prayogo, D., Wu, Y.-W. & Lukito, M. M. 2016. A hybrid harmony search
algorithm for discrete sizing optimization of truss structure. Automation in
Construction, 69, 21-33.

101



Cheng, Y., Li, L., Lansivaara, T., Chi, S. & Sun, Y. 2008. An improved harmony search
minimization algorithm using different slip surface generation methods for slope
stability analysis. Engineering Optimization, 40, 95-115.

Chiarandini, M., Birattari, M., Socha, K. & Rossi-Doria, O. 2006. An effective hybrid
algorithm for university course timetabling. Journal of Scheduling, 9, 403-432.

Chiu, C.-Y., Shih, P.-C. & Li, X. 2018. A dynamic adjusting novel global harmony search
for continuous optimization problems. Symmetry, 10, 337.

Cirillo, D. & Valencia, A. 2018. Algorithmic complexity in Computational Biology.
harvard, arXiv preprint arXiv:1811.07312, 92-08.

Cobos, C., Andrade, J., Constain, W., Mendoza, M. & Ledn, E. 2010. Web document
clustering based on global-best harmony search, K-means, frequent term sets and
Bayesian information criterion. In IEEE Congress on Evolutionary Computation.
IEEE.

Conover, W. J. & Conover, W. J. 1980. Practical nonparametric statistics, Wiley, New
York

Cuevas, E., Ortega-Sanchez, N., Zaldivar, D. & Pérez-Cisneros, M. 2012. Circle
detection by harmony search optimization. Journal of Intelligent & Robotic
Systems, 66, 359-376.

De Paola, F., Giugni, M., Pugliese, F. & Romano, P. 2018. Optimal design of LIDs in
urban stormwater systems using a harmony-search decision support system.
Water Resources Management, 32, 4933-4951.

Del Ser, J., Bilbao, M. N., Perfecto, C. & Salcedo-Sanz, S. 2016. A harmony search
approach for the selective pick-up and delivery problem with delayed drop-off.
Harmony Search Algorithm. Springer.

Dong, H., Bo, Y., Gao, M. & Zhu, T. 2007. Improved harmony search for detection with
photon density wave. In international Symposium on Photoelectronic Detection
and Imaging: Related Technologies and Applications. International Society for
Optics and Photonics.

Dongardive, J., Patil, A., Bir, A., Jamkhedkar, S. & Abraham, S. Finding motifs using
harmony search. In the International Symposium on Biocomputing, 2010. ACM,
41.

Eberhart, R. & Kennedy, J. 1995. A new optimizer using particle swarm theory. Micro
Machine and Human Science, 1995. MHS'95., In the Sixth International
Symposium on, 39-43.

Elattar, E. E. 2018. Modified harmony search algorithm for combined economic emission
dispatch of microgrid incorporating renewable sources. Energy, 159, 496-507.

Erdal, F., Dogan, E. & Saka, M. P. 2011. Optimum design of cellular beams using
harmony search and particle swarm optimizers. Journal of Constructional Steel
Research, 67, 237-247.

102



Ewees, A. A, El Aziz, M. A. & Hassanien, A. E. 2019. Chaotic multi-verse optimizer-
based feature selection. Neural Computing and Applications, 31, 991-1006.

Fesanghary, M., Damangir, E. & Soleimani, 1. 2009. Design optimization of shell and
tube heat exchangers using global sensitivity analysis and harmony search
algorithm. Applied Thermal Engineering, 29, 1026-1031.

Fesanghary, M., Mahdavi, M., Minary-Jolandan, M. & Alizadeh, Y. 2008. Hybridizing
harmony search algorithm with sequential quadratic programming for
engineering optimization problems. Computer methods in applied mechanics and
engineering, 197, 3080-3091.

Fogel, L. J., Owens, A. J. & Walsh, M. J. 1966. Artificial intelligence through simulated
evolution. Wiley, New York.

Forsati, R., Haghighat, A. & Mahdavi, M. 2008. Harmony search based algorithms for
bandwidth-delay-constrained  least-cost ~ multicast  routing.  Computer
Communications, 31, 2505-2519.

Fourie, J., Mills, S. & Green, R. 2010. Harmony filter: a robust visual tracking system
using the improved harmony search algorithm. Image and Vision Computing, 28,
1702-1716.

Gamot, R. M. & Mesa, A. 2008. Particle swarm optimization: Tabu search approach to
constrained engineering optimization problems. WSEAS Transactions on
Mathematics, 7, 666-675.

Gan, X., Jiang, E., Peng, Y., Geng, S. & Kustudic, M. 2018. Research optimization on
logistic distribution center location based on improved harmony search algorithm.
In International Conference on Swarm Intelligence. Springer.

Gao, K.-Z., Pan, Q.-K. & Li, J.-Q. 2011. Discrete harmony search algorithm for the no-
wait flow shop scheduling problem with total flow time criterion. The
International Journal of Advanced Manufacturing Technology, 56, 683-692.

Gao, K.-Z., Suganthan, P. N., Pan, Q.-K., Chua, T. J., Cai, T. X. & Chong, C.-S. 2014.
Pareto-based grouping discrete harmony search algorithm for multi-objective
flexible job shop scheduling. Information Sciences, 289, 76-90.

Gao, K.-Z., Suganthan, P. N., Pan, Q.-K., Chua, T. J., Cai, T. X. & Chong, C.-S. 2016.
Discrete harmony search algorithm for flexible job shop scheduling problem with
multiple objectives. Journal of Intelligent Manufacturing, 27, 363-374.

Gao, X., Wang, X., Ovaska, S. & Zenger, K. 2012. A hybrid optimization method of
harmony search and opposition-based learning. Engineering Optimization, 44,
895-914.

Gao, X. Z., Govindasamy, V., Xu, H., Wang, X. & Zenger, K. 2015. Harmony search

method: theory and applications. Computational Intelligence and Neuroscience,
2015, 39.

103



Garcia-Segura, T., Yepes, V. & Alcala, J. 2017. Computer-support tool to optimize
bridges automatically. International Journal of Computational Methods and
Experimental Measurements, 5, 171-178.

Geem, Z. W. 2006. Optimal cost design of water distribution networks using harmony
search. Engineering Optimization, 38, 259-277.

Geem, Z. W. 2007. Optimal scheduling of multiple dam system using harmony search
algorithm. In International Work-Conference on Artificial Neural Networks.
Springer.

Geem, Z. W. Hydraulic analysis of water distribution network using harmony search.
World Environmental and Water Resources Congress 2009: Great Rivers, 2009a.
1-9.

Geem, Z. W. 2009b. Multiobjective optimization of time-cost trade-off using harmony
search. Journal of Construction Engineering and Management, 136, 711-716.

Geem, Z. W. 2010. Parameter estimation of the nonlinear Muskingum model using
parameter-setting-free harmony search. Journal of Hydrologic Engineering, 16,
684-688.

Geem, Z. W., Kim, J. H. & LOGANATHAN, G. 2001. A new heuristic optimization
algorithm: harmony search. Simulation, 76, 60-68.

Geem, Z. W., Tseng, C.-L. & Park, Y. 2005. Harmony search for generalized orienteering
problem: best touring in China. In International Conference on Natural
Computation. Springer.

Geem, Z. W. & Williams, J. C. 2008. Ecological optimization using harmony search. In
the American Conference on Applied Mathematics. World Scientific and
Engineering Academy and Society (WSEAS).

Geem, Z. W. & Yoon, Y. 2017. Harmony search optimization of renewable energy
charging with energy storage system. International Journal of Electrical Power
& Energy Systems, 86, 120-126.

Gheisarnejad, M. 2018. An effective hybrid harmony search and cuckoo optimization
algorithm based fuzzy PID controller for load frequency control. Applied Soft
Computing, 65, 121-138.

Gholami, K. & Dehnavi, E. 2019. A modified particle swarm optimization algorithm for
scheduling renewable generation in a micro-grid under load uncertainty. Applied
Soft Computing, 78, 496-514.

Gholizadeh, R., Amiri, G. G. & Mohebi, B. 2010. An alternative approach to a harmony
search algorithm for a construction site layout problem. Canadian Journal of Civil
Engineering, 37, 1560-1571.

Giagkiozis, 1., Purshouse, R. C. & Fleming, P. J. 2015. An overview of population-based
algorithms for multi-objective optimisation. International Journal of Systems
Science, 46, 1572-1599.

104



Giran, O., Temur, R. & Bekdas, G. 2017. Resource constrained project scheduling by
harmony search algorithm. KSCE Journal of Civil Engineering, 21, 479-487.

Glover, F. 1977. Heuristics for integer programming using surrogate constraints.
Decision Sciences, 8, 156-166.

Guo, Z., Shi, L., Chen, L. & Liang, Y. 2017a. A harmony search-based memetic
optimization model for integrated production and transportation scheduling in
MTO manufacturing. Omega, 66, 327-343.

Guo, Z., Wang, S., Yue, X. & Yang, H. 2017b. Global harmony search with generalized
opposition-based learning. Soft Computing, 21, 2129-2137.

Heidari, A. A., Mirjalili, S., Faris, H., Aljarah, 1., Mafarja, M. & Chen, H. 2019. Harris
hawks optimization: Algorithm and applications. Future Generation Computer
Systems, 97, 849-872.

Hickmann, K. S., Fairchild, G., Priedhorsky, R., Generous, N., Hyman, J. M., Deshpande,
A. & Del Valle, S. Y. 2015. Forecasting the 2013-2014 influenza season using
Wikipedia. PLoS computational biology, 11, €1004239.

Ho, Y.-C. & Pepyne, D. L. 2002. Simple explanation of the no-free-lunch theorem and
its implications. Journal of Optimization Theory and Applications, 115, 549-570.

Huang, M., Bo, G., Wang, X. & Ip, W. 2010. The optimization of routing in fourth-party
logistics with soft time windows using harmony search. In Sixth International
Conference on Natural Computation.: IEEE.

Huang, M., Dong, H.-Y., Wang, X.-W., Zheng, B.-L. & Ip, W. Guided variable
neighborhood harmony search for integrated charge planning in primary
steelmaking processes. In the first ACM/SIGEVO Summit on Genetic and
Evolutionary Computation, 2009. ACM, 231-238.

Hussain, A. & Muhammad, Y. S. 2019. Trade-off between exploration and exploitation
with genetic algorithm using a novel selection operator. Complex & Intelligent
Systems, 1-14.

Hussain, K., Salleh, M. N. M., Cheng, S. & Naseem, R. 2017. Common benchmark
functions for metaheuristic evaluation: A review. JOIV: International Journal on
Informatics Visualization, 1, 218-223.

Hussain, K., Zhu, W. & Salleh, M. N. M. 2019. Long-term memory Harris’ hawk
optimization for high dimensional and optimal power flow problems. IEEE
Access, 7, 147596-147616.

Jalila, A. & Mala, D. J. 2020. Automated optimal test data generation for OCL
specification using harmony search algorithm. International Journal of Business
Intelligence and Data Mining, 16, 231-259.

Jayabarathi, T., Raghunathan, T., Adarsh, B. & Suganthan, P. N. 2016. Economic
dispatch using hybrid grey wolf optimizer. Energy, 111, 630-641.

105



Kamboj, V. K., Bath, S. & Dhillon, J. 2016. Implementation of hybrid harmony
search/random search algorithm for single area unit commitment problem.
International Journal of Electrical Power & Energy Systems, 77, 228-249.

Karaboga, D. & Basturk, B. 2007. Artificial bee colony (ABC) optimization algorithm
for solving constrained optimization problems. International Fuzzy Systems
Association World Congress. Springer.

Karahan, H., Gurarslan, G. & Geem, Z. W. 2012. Parameter estimation of the nonlinear
Muskingum flood-routing model using a hybrid harmony search algorithm.
Journal of Hydrologic Engineering, 18, 352-360.

Kayhan, A. H., Korkmaz, K. A. & Irfanoglu, A. 2011. Selecting and scaling real ground
motion records using harmony search algorithm. Soil Dynamics and Earthquake
Engineering, 31, 941-953.

Keshtegar, B. & Sadeq, M. O. 2017. Gaussian global-best harmony search algorithm for
optimization problems. Soft Computing, 21, 7337-7349.

Khazali, A. & Kalantar, M. 2011. Optimal reactive power dispatch based on harmony
search algorithm. International Journal of Electrical Power & Energy Systems,
33, 684-692.

Khelifa, M., Boughaci, D. & Aimeur, E. 2018. Evolutionary harmony search algorithm
for sport scheduling problem. Transactions on Computational Collective
Intelligence XXX. Springer.

Khorram, E. & Jaberipour, M. 2011. Harmony search algorithm for solving combined
heat and power economic dispatch problems. Energy Conversion and
Management, 52, 1550-1554.

Kim, J. H., Geem, Z. W. & Kim, E. S. 2001. Parameter estimation of the nonlinear
Muskingum model using harmony search. JAWRA Journal of the American Water
Resources Association, 37, 1131-1138.

Kirkpatrick, S., Gelatt, C. D. & Vecchi, M. P. 1983. Optimization by simulated annealing.
Science, 220, 671-680.

Komaki, G. & Kayvanfar, V. 2015. Grey Wolf Optimizer algorithm for the two-stage
assembly flow shop scheduling problem with release time. Journal of
Computational Science, 8, 109-120.

Kong, X., Gao, L., Ouyang, H. & Li, S. 2015. A simplified binary harmony search
algorithm for large scale 0-1 knapsack problems. Expert Systems with
Applications, 42, 5337-5355.

Lalwani, P., Das, S., Banka, H. & Kumar, C. 2018. CRHS: clustering and routing in
wireless sensor networks using harmony search algorithm. Neural Computing and
Applications, 30, 639-659.

Lee, K. S. & Geem, Z. W. 2004. A new structural optimization method based on the
harmony search algorithm. Computers & Structures, 82, 781-798.

106



Ma, L. & Fan, S. 2017. CURE-SMOTE algorithm and hybrid algorithm for feature
selection and parameter optimization based on random forests. BMC
bioinformatics, 18, 169.

Mahaleh, M. B. B. & Mirroshandel, S. A. 2018. Harmony search path detection for vision
based automated guided vehicle. Robotics and Autonomous Systems, 107, 156-
166.

Mahapatra, S., Dash, R. R. & Pradhan, S. K. 2017. Heuristics techniques for scheduling
problems with reducing waiting time variance. Heuristics and Hyper-Heuristics:
Principles and Applications, 43.

Mahdavi, M., Fesanghary, M. & Damangir, E. 2007. An improved harmony search
algorithm for solving optimization problems. Applied mathematics and
computation, 188, 1567-1579.

Majidi, B., Baghaee, H., Gharehpetian, G., Milimonfared, J. & Mirsalim, M. 2008.
Harmonic optimization in multi-level inverters using harmony search algorithm.
In IEEE second International Power and Energy Conference.: IEEE.

Mao, C. 2014. Harmony search-based test data generation for branch coverage in
software structural testing. Neural Computing and Applications, 25, 199-216.

Mendoza, M., Cobos, C. & Ledn, E. 2015. Extractive single-document summarization
based on global-best harmony search and a greedy local optimizer. In Mexican
International Conference on Artificial Intelligence. Springer.

Mikaeil, R., Haghshenas, S. S., Shirvand, Y., Hasanluy, M. V. & Roshanaei, V. 2016.
Risk assessment of geological hazards in a tunneling project using harmony
search algorithm Civil Engineering Journal, 2, 546-554.

Mikaeil, R., Ozcelik, Y., Ataei, M. & Shaffiee Haghshenas, S. 2019. Application of
harmony search algorithm to evaluate performance of diamond wire saw. Journal
of Mining and Environment, 10, 27-36.

Mirjalili, S., Gandomi, A. H., Mirjalili, S. Z., Saremi, S., Faris, H. & Mirjalili, S. M.
2017. Salp swarm algorithm: a bio-inspired optimizer for engineering design
problems. Advances in Engineering Software, 114, 163-191.

Mirjalili, S., Mirjalili, S. M. & Hatamlou, A. 2016. Multi-verse optimizer: a nature-
inspired algorithm for global optimization. Neural Computing and Applications,
27, 495-513.

Mirjalili, S., Mirjalili, S. M. & Lewis, A. 2014. Grey wolf optimizer. Advances in
Engineering Software, 69, 46-61.

Moh'd Alia, O., Mandava, R., Ramachandram, D. & Aziz, M. E. 2009. Harmony search-
based cluster initialization for fuzzy c-means segmentation of mr images. In tenth
Conference TENCON.: IEEE.

Mohanarangam, K. & Mallipeddi, R. 2016. Harmony search algorithm with ensemble of
surrogate models. Harmony Search Algorithm. Springer.

107



Mohsen, M. S., Abdullah, R. & Omar, M. A. 2018. A hybrid-based harmony search
algorithm for rna multiple sequence alignment. Life Science Journal, 15.

Moon, Y. Y., Geem, Z. W. & Han, G.-T. 2018. Vanishing point detection for self-driving
car using harmony search algorithm. Swarm and Evolutionary Computation.

Mun, S. & Geem, Z. W. 2009a. Determination of individual sound power levels of noise
sources using a harmony search algorithm. International Journal of Industrial
Ergonomics, 39, 366-370.

Mun, S. & Geem, Z. W. 2009b. Determination of viscoelastic and damage properties of
hot mix asphalt concrete using a harmony search algorithm. Mechanics of
Materials, 41, 339-353.

N. H. Awad, M. Z. A, J. J. Liang, B. Y. Qu And P. N. Suganthan November 2016.
"Problem definitions and evaluation criteria for the CEC 2017 special session and
competition on single objective bound constrained real-parameter numerical
optimization,” Technical Report, Nanyang Technological University, Singapore.

Navarro, M., Corchado, J. M. & Demazeau, Y. 2016. Music-Mas: Modeling a harmonic
composition system with virtual organizations to assist novice composers. Expert
Systems with Applications, 57, 345-355.

Nawaz, M., Enscore, E. E. & Ham, 1. 1983. A heuristic algorithm for the m-machine, n-
job flow-shop sequencing problem. Omega, 11, 91-95.

Nazari-Heris, M., Mohammadi-Ivatloo, B., Asadi, S. & Geem, Z. W. 2019. Large-scale
combined heat and power economic dispatch using a novel multi-player harmony
search method. Applied Thermal Engineering.

Nekkaa, M. & Boughaci, D. 2016. Hybrid harmony search combined with stochastic local
search for feature selection. Neural Processing Letters, 44, 199-220.

Ngonkham, S. & Buasri, P. 2009. Harmony search algorithm to improve cost reduction
in power generation system integrating large scale wind energy conversion
system. In World Non-Grid-Connected Wind Power and Energy Conference.:
IEEE.

Nie, Y., Wang, B. & Zhang, X. 2016. Hybrid Harmony Search Algorithm for Nurse
Rostering Problem. Harmony Search Algorithm. Springer.

Omran, M. G. & Mahdavi, M. 2008. Global-best harmony search. Applied Mathematics
and Computation, 198, 643-656.

Ouyang, H.-B., Gao, L.-Q., Li, S., Kong, X.-Y., Wang, Q. & Zou, D.-X. 2017. Improved
harmony search algorithm. Applied Soft Computing, 53, 133-167.

Pan, W. 2011. A new evolutionary computation approach: fruit fly optimization
algorithm. In the Conference on Digital Technology and Innovation Management.

Panchal, A. 2009. Harmony search in therapeutic medical physics. Music-inspired
Harmony search Algorithm, 189-203.

108



Park, J., Lee, K.-H., Park, J., Choi, H. & Lee, I.-M. 2016. Predicting anomalous zone
ahead of tunnel face utilizing electrical resistivity: 1. Algorithm and measuring
system development. Tunnelling and Underground Space Technology, 60, 141-
150.

Parsopoulos, K. E. & Vrahatis, M. N. 2005. Unified particle swarm optimization for
solving constrained engineering optimization problems. In International
Conference on Natural Computation. Springer.

Patel, V. K. & Savsani, V. J. 2015. Heat transfer search (HTS): a novel optimization
algorithm. Information Sciences, 324, 217-246.

Peraza, C., Valdez, F., Castro, J. R. & Castillo, O. 2018. Fuzzy dynamic parameter
adaptation in the harmony search algorithm for the optimization of the ball and
beam controller. Advances in Operations Research, 2018.

Ponz-Tienda, J. L., Salcedo-Bernal, A., Pellicer, E. & Benlloch-Marco, J. 2017. Improved
adaptive harmony search algorithm for the resource leveling problem with
minimal lags. Automation in Construction, 77, 82-92.

Qiao, S., Sheng-Xiu, Z., Li-Jia, C., Xiao-Feng, L. & Nai-Xin, Q. 2017. Visual tracking
algorithm by harmony search and co-training learning based on multi-cues. In
twenty ninth Chinese Control And Decision Conference (CCDC). IEEE.

Rajput, V. N. & Pandya, K. S. 2018. A hybrid improved harmony search algorithm-
nonlinear programming approach for optimal coordination of directional
overcurrent relays including characteristic selection. International Journal of
Power and Energy Conversion, 9, 228-253.

Rankhambe, M. J. & Kavita, M. S. 2014. Optimization of examination timetable using
harmony search hyper-heuristics. International Journal of Computer Science and
Information Technologies, vol. 5, 6719-6723.

Rastgou, A., Moshtagh, J. & Bahramara, S. 2018. Improved harmony search algorithm
for electrical distribution network expansion planning in the presence of
distributed generators. Energy, 151, 178-202.

Ray, T. & Saini, P. 2001. Engineering design optimization using a swarm with an
intelligent information sharing among individuals. Engineering Optimization, 33,
735-748.

Rehman, A. U., Aslam, S., Abideen, Z. U., Zahra, A., Ali, W., Junaid, M. & Javaid, N.
2017. Efficient energy management system using firefly and harmony search
algorithm. In International Conference on Broadband and Wireless Computing,
Communication and Applications. Springer.

Robinson, D. R., Mar, R. T., Estabridis, K. & Hewer, G. 2018. An efficient algorithm for
optimal trajectory generation for heterogeneous multi-agent systems in non-
convex environments. IEEE Robotics and Automation Letters, 3, 1215-1222.

Russell, S. J. & Norvig, P. 2016. Artificial intelligence: a modern approach, Malaysia;
Pearson Education Limited.

109



Ryu, S., Duggal, A. S., Heyl, C. N. & GEEM, Z. W. 2016. Cost-optimized FPSO mooring
design via harmony search. Journal of Offshore Mechanics and Arctic
Engineering, 138, 061303.

Sahoo, R. K., Ojha, D., Mohapatra, D. P. & Patra, M. R. 2016a. Automated test case
generation and optimization: a comparative review. Int. J. Comput. Sci. Inf.
Technol, 8, 19-32.

Sahoo, R. K., Ojha, D., Mohapatra, D. P. & Patra, M. R. 2016b. Automatic generation
and optimization of test data using harmony search algorithm. Computer Science
& Information Technology, 23.

Saka, M. 2009. Optimum design of steel sway frames to BS5950 using harmony search
algorithm. Journal of Constructional Steel Research, 65, 36-43.

Saka, M. P., Hasancebi, O. & Geem, Z. W. 2016. Metaheuristics in structural
optimization and discussions on harmony search algorithm. Swarm and
Evolutionary Computation, 28, 88-97.

Sarkhel, R., Das, N., Saha, A. K. & Nasipuri, M. 2018. An improved harmony search
algorithm embedded with a novel piecewise opposition based learning algorithm.
Engineering Applications of Artificial Intelligence, 67, 317-330.

Shaffiei, Z. A., Abas, Z. A., Yunos, N. M., Hamzah, A. S. S. S. A, Abidin, Z. Z. & eng,
C. K. 2019. Constrained self-adaptive harmony search algorithm with 2-opt
Swapping for driver scheduling problem of university shuttle bus. Arabian
Journal for Science and Engineering, 44, 3681-3698.

Shareghi, E. & Hassanabadi, L. S. 2008. Text summarization with harmony search
algorithm-based sentence extraction. In The Fifth International Conference on
Soft Computing as Transdisciplinary Science and Technology. ACM.

Sheta, A., Faris, H., Braik, M. & Mirjalili, S. 2019. Nature-inspired metaheuristics search
algorithms for solving the economic load dispatch problem of power. Applied
Nature-Inspired Computing: Algorithms and Case Studies, 199.

Siddique, N. & Adeli, H. 2015. Applications of harmony search algorithms in
engineering. International Journal on Artificial Intelligence Tools, 24, 1530002.

Sivasubramani, S. & Swarup, K. 2011. Multi-objective harmony search algorithm for
optimal power flow problem. International Journal of Electrical Power & Energy
Systems, 33, 745-752.

Song, X., Tang, L., Zhao, S., Zhang, X., LI, L., Huang, J. & Cai, W. 2015. Grey wolf
optimizer for parameter estimation in surface waves. Soil Dynamics and
Earthquake Engineering, 75, 147-157.

Sorensen, K. 2015. Metaheuristics—the metaphor exposed. International Transactions
in Operational Research, 22, 3-18.

110



Storn, R. & Price, K. 1997. Differential evolution—a simple and efficient heuristic for
global optimization over continuous spaces. Journal of Global Optimization, 11,
341-359.

Taghipour, S., Zarrineh, P., Ganjtabesh, M. & Nowzari-Dalini, A. 2017. Improving
protein complex prediction by reconstructing a high-confidence protein-protein
interaction network of Escherichia coli from different physical interaction data
sources. BMC Bioinformatics, 18, 10.

Tejani, G. G., Savsani, V. J., Patel, V. K. & Mirjalili, S. 2019. An improved heat transfer
search algorithm for unconstrained optimization problems. Journal of
Computational Design and Engineering, 6, 13-32.

Ting, T., Yang, X.-S., Cheng, S. & Huang, K. 2015. Hybrid metaheuristic algorithms:
past, present, and future. Recent Advances in Swarm Intelligence and
Evolutionary Computation. Springer.

Tizhoosh, H. R. 2005. Opposition-based learning: a new scheme for machine
intelligence. In International Conference on Computational Intelligence for
Modelling, Control and Automation. IEEE.

Tuo, S., Zhang, J., Yuan, X, He, Z, Liu, Y. & Liu, Z. 2017. Niche harmony search
algorithm for detecting complex disease associated high-order SNP
combinations. Scientific Reports, 7, 11529.

Vasebi, A., Fesanghary, M. & Bathaee, S. 2007. Combined heat and power economic
dispatch by harmony search algorithm. International Journal of Electrical Power
& Energy Systems, 29, 713-719.

Wang, C.-m. & Huang, Y.-F. 2010. Self-adaptive harmony search algorithm for
optimization. Expert Systems with Applications, 37, 2826-2837.

Wang, G.-g., Gandomi, A. H., Zhao, X. & Chu, H. C. E. 2016. Hybridizing harmony
search algorithm with cuckoo search for global numerical optimization. Soft
Computing, 20, 273-285.

Wang, H., Wu, Z., Liu, Y., Wang, J., Jiang, D. & Chen, L. Space transformation search:
anew evolutionary technique. In the first ACM/SIGEVO Summit on Genetic and
Evolutionary Computation, 2009 Shanghai, China. ACM, 537-544.

Wang, L., Hu, H., Liu, R. & Zhou, X. 2019. An improved differential harmony search
algorithm for function optimization problems. Soft Computing, 23, 4827-4852.

Wang, L., Pan, Q.-K. & Tasgetiren, M. F. 2010. Minimizing the total flow time in a flow
shop with blocking by using hybrid harmony search algorithms. Expert Systems
with Applications, 37, 7929-7936.

Wang, X., Wang, W., Li, X., Wang, C. & Qin, C. 2017. Adaptive multi-hop routing

algorithm based on harmony search in WSNs. In ninth International Conference
on Advanced Infocomm Technology (ICAIT). IEEE.

111



Xiang, W.-L., AN, M.-Q., LI, Y.-Z., HE, R.-C. & ZHANG, J.-F. 2014. An improved
global-best harmony search algorithm for faster optimization. Expert Systems
with Applications, 41, 5788-5803.

Xu, Q., Wang, L., Wang, N., Hei, X. & Zhao, L. 2014. A review of opposition-based
learning from 2005 to 2012. Engineering Applications of Artificial Intelligence,
29, 1-12.

Yadav, P., Kumar, R., Panda, S. & Chang, C. 2011. An improved harmony search
algorithm for optimal scheduling of the diesel generators in oil rig platforms.
Energy Conversion and Management, 52, 893-902.

Yassen, E. T., Ayob, M., Nazri, M. Z. A. & Sabar, N. R. 2015. Meta-harmony search
algorithm for the vehicle routing problem with time windows. Information
Sciences, 325, 140-158.

Yazdi, E. & Haghighat, A. T. 2010. Evolution of biped walking using neural oscillators
controller and harmony search algorithm optimizer. arXiv preprint
arXiv:1006.4553.

Yi, J., Li, X,, Chu, C.-H. & gao, L. 2019. Parallel chaotic local search enhanced harmony
search algorithm for engineering design optimization. Journal of Intelligent
Manufacturing, 30, 405-428.

Yuan, Y. & Xu, H. 2013. An integrated search heuristic for large-scale flexible job shop
scheduling problems. Computers & Operations Research, 40, 2864-2877.

Yuan, Y., Xu, H. & Yang, J. 2013. A hybrid harmony search algorithm for the flexible
job shop scheduling problem. Applied Soft Computing, 13, 3259-3272.

Zarei, O., Fesanghary, M., Farshi, B., Saffar, R. J. & Razfar, M. 2009. Optimization of
multi-pass face-milling via harmony search algorithm. Journal of Materials
Processing Technology, 209, 2386-2392.

Zeng, B. & Dong, Y. 2016. An improved harmony search based energy-efficient routing
algorithm for wireless sensor networks. Applied Soft Computing, 41, 135-147.

Zhang, B., Pan, Q.-K., ZHANG, X.-L. & DUAN, P.-Y. 2015. An effective hybrid
harmony search-based algorithm for solving multidimensional knapsack
problems. Applied Soft Computing, 29, 288-297.

Zhang, R. & Hanzo, L. 2009. Iterative multiuser detection and channel decoding for DS-
CDMA using harmony search. IEEE Signal Processing Letters, 16, 917-920.

Zhang, S., Zhou, Y., Li, Z. & Pan, W. 2016. Grey wolf optimizer for unmanned combat
aerial vehicle path planning. Advances in Engineering Software, 99, 121-136.

Zhou, Y.-Z., Yi, W.-C., Gao, L. & LI, X.-Y. 2017. Adaptive differential evolution with
sorting crossover rate for continuous optimization problems. IEEE Transactions
on Cybernetics, 47, 2742-2753.

112



Zou, D., Gao, L., Wu, J. & Li, S. 2010. Novel global harmony search algorithm for
unconstrained problems. Neurocomputing, 73, 3308-3318.

113



