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Abstract: Whale Optimization Algorithm (WOA) is meta-heuristic nature-based optimization algorithm inspired from bubble-net hunting strategy behavior worn by humpback 
whales. The algorithm has been used to resolve problems in many categories. An insight to the available datasets, tools, comparison techniques and recent trends has not been 
elaborated comprehensively. Therefore, this work is conducted to get more updated and insightful information on how different problems are getting solved with applications, 
modifications, enhancement and hybridization of WOA with others. The work presents an insight to the recent publication trends, along with details of all the datasets used for 
testing various WOA applications. In addition, the tools used and the probable comparison techniques have all been listed along with the WOA version used to solve the problem. 
This would help the researchers in using the appropriate form of WOA for solving their problems. As per the findings, Whale Optimization Algorithm has been successfully employed 
in many areas of engineering to find optimal solutions. 
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1 INTRODUCTION
 

Whale Optimization Algorithm (WOA) [1] is a search-
based nature-inspired optimization algorithm adopted from 
bubble-net chasing strategy worn by humpback whales.  It 
was developed in 2016 by Mirjalili & Lewis [1]. WOA is 
basically a clustering-based clever calculation put forward 
for sustained optimization issues. It has demonstrated to 
show prevalent execution besides other meta-heuristic 
methods. It is simple in execution and powerful so that it 
persists comparable to diverse nature-inspired algorithms. 
The calculation requires lesser control parameters nearly, as 
it has been a solitary parameter (time interval) must be fine-
tuned. In WOA, the populace of humpback whales appears 
via a multi-dimensional exploration region for nourishment 
as regarded within Fig. 1. The regions owned by humpback 
whales are explored to diverse factors, whereas the take away 
amongst the humpback whale entities and the nourishment 
compares to esteem of goal fetched. 
 

 
Figure 1 Visuals showing WOA 

The time-based region of a whale is computed via the 
operational procedures: Encircling the prey, Bubble-net 
attacking stage and Search for the prey (Fig. 2).  
 

 
Figure 2 WOA Techniques 

 
1.1 WOA Techniques 
 

This section elaborates the technique used in WOA. 
 
1.1.1 Encircling the Prey 
 

Humpback whales are able to understand specified area 
of prey and then encircle those. Because location of ideal 
plan within the look area isn't recognized inferably, WOA 
supposes that present finest nominee arrangement is goal 
prey otherwise nearest of ideal. Then exertion is used in order 
of recognizing finest look operator, whereas alternative look 
operators will replace their positions close to the leading look 
operator. The conduct is communicated via the taking after 
conditions as expressed through equation below. 
 

( ) ( )D C X ' t X t= × −
  

                                                       (1) 

( 1) ( )X t X ' t A D+ = − ×
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2C r= ×


                                                                             (4) 
 

Here X is common best location X* presenting whale 
location, t indicates the later cycle, a speaks to linearly 
decreased inside run of two to over the course of iterations, 
and the r may be an irregular number consistently allotted in 
the run of [0, 1]. The sign | | speaks to the utter value. 
 

 
Figure 3 Flowchart for WOA 

 
1.1.2 Bubble-net Attacking Technique (Manipulation Section) 
 

Towards defining the bubble-net conduct about 
humpback whale, winding scientific definition remains 
connected among location of prey and whale in-order of 
mimicking the twirl-formed motion of humpback whale, 
within which p speaks to a steady for clarifying the form of 
the exponential winding and the k is self-assertive value 
uniformly distributed within extend of [‒1, 1]. 
 

( 1) cos(2 )n blX t D e l X 'π+ = × × +
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                                   (5) 
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
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                 (6) 

 
1.1.3 Search for the Prey (Exploration Section) 
 

To get worldwide optimizers, on the off chance that A < 
‒1 or A > 1, search agent gets upgraded like expressed by a 
haphazardly selected search agent within the posit of leading 
look operator (Fig. 3). Where X is designated subjectively 
from whales in the current cycle. 
 

randD C X X= × −
  

                                                            (7) 

rand( 1)X t X A D+ = − ×
  

                                                     (8) 
 
1.2 Time Complexity 
 

The very interest in the WOA approach is driven by the 
fact that it is a search -based approach using random inputs. 
The same is observed for real whales also. Due to this, the 
result generated by the WOA approach may differ every 
time the algorithm is run. The WOA is thus a randomized-
approximation algorithm used to solve NP-complete 
combinatorial optimization problems (problems whose 
optimal solution cannot be found in polynomial time due to 
the vastness in probable search space). Hence, the result 
generated is not guaranteed to be the best, yet is much better 
than any other random result. The justification for using an 
approximation approach comes from the time taken by the 
algorithm.  
 
1.3 Whale Optimization – The Approach 
 
1. Initialization – Wi digital whales are created (1 ≤ i ≤ n) 
2. Compute fitness for every whale on food search 

Let W* be the best search Whale 
While (i < Total_no_of_iterations) 
For each Wi: update the parameters l, L, M, N and P 

If (p < 0.5) 
 Then if (|L| < 1) then Compute Position of Wi 

using Eq. (2) 
else if( |L| ≥ 1) 

   Choose random Wi 
   Compute Position of Wi using Eq. (8) 
   Else if (p ≥ 0.5) 
   Compute Position of Wi using Eq. (5) 
 If any Wi goes outside the searched space, then correct 
its path 
 Compute fitness for every Wi.  

Recompute W* for whale with best fitness (if better 
than before) 

I = i + 1 
End While loop 
Return optimum answer (W*) 
 
There are only 2 loops in the WOA approach as given 

in the previous section. Hence the complexity is clearly a 
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product of ‘N’, the number of whales, and total number of 
iterations (NI). Henceforth the complexity of WOA 
approach is O(N.NI), which is polynomial time and very 
quick as compared to other approaches. 

This work contributes in the following ways: 
- Comprehensively providing insight to the available 

datasets, tools, comparison techniques and recent 
trends of employing WOA to various engineering 
problems. 

- Providing a taxonomy of various kinds of applications 
to which WOA has been applied. 

- Assessing and analyzing the results of applying WOA 
to various optimization problems.  
 
Outline: Section II discusses the related work. Section 

III explains the transient applications of WOA. Section IV 
and V investigate the results and conclusion respectively.  

 
2 RELATED WORK 
 

WOA has been adopted for solving problems in various 
fields. Although, there exists some other survey papers as 
well. Some of them are Comprehensive survey [2], Meta-
analysis survey [3] [4]. These survey papers have also, 
included many applications of WOA in various fields. In 
Addition, this paper gives more relevant information based 
on the type of methods used (New, Modified, Improved); 
Year of Publish; Method Problem; Dataset Used; Tool used; 
Compared with. 
 
2.1 Research Procedure 
 

A complete inquiry about technique was espoused for 
investigating articles present on WOA which had been 
distributed in famous logical records. The articles ensued 
elected by backward sifting prepare as per characterized set 
of measures, which navigate through four phases appeared in 
Fig. 7. At last, significant articles were concluded based on 
exclusion and consideration measures for the audit reason 
 
2.1.1 Keyword-Based Article Search 
 

Watch word aspect handle was exhausted two steps. In 
the initial step, greatest number of reports were recovered 
from the foremost important records utilizing the succeeding 
keyword: ‘Whale Optimization Algorithm’, ‘WOA’, 
‘Reduction encompassing prey’, ‘modified WOA’ [2], 
‘enhancement of WOA’, ‘hybrid plus WOA’, etc. Within 
next moment walk, a record sifting handle was executed to 
avoid insignificant reports. Subtle elements of categorizing 
prepare can be found in Orders. 4.4 and 4.5 ‘Assortment 
criteria’ and ‘extraction of the data’ individually. 
 
2.1.2 Search Strategies 
 

The order to search to closely all spaces, anywhere WOA 
was performed. The article from all present trustworthy 
online records were looked, and after that thorough handle of 
confirmation for references and citations within the papers 

confirmed the determination as it was high characteristic 
peer-assessed articles. Besides, proximity of articles within 
diverse fields former building and computer discipline were 
also reserved into thought for the consider. 
 
2.1.3 Database Selection for Research 
 

Examination deliberates utmost of true publisher’s 
records accessible online like on: ACM, ScienceDirect, IEEE 
Explorer, Springer. Tab. 1 keeps up sum of records reverted 
as of the over said databases. In order to supply substantial 
evidence of the fast development to investigate on the WOA, 
Fig. 4 comprises the total of articles distributed every year 
through the related publishers. Fig. 5 underpins the 
equivalent with graphic illustration of percent of articles 
grounded on publishers. IEEE, Elsevier and Springer were 
the databases in which maximum chosen articles on WOA 
were found to be published. Fig. 6 increases the confirmation 
by showing publisher-based percentage of the significant 
articles. Also around 30% of the papers were found to be 
published in databases other than the IEEE or Springer or 
Wiley or ACM. Surge in other publication houses other than 
the traditional ones could be one major reason behind this. 

 
Table 1 WOA in general Academic Records 

Online Databases Article Returned 
IEEE 151 
Springer 145 
Elsevier 143 
Wiley 39 
ACM 21 
Others 208 

 

 
Figure 4 Number of Publications/Year 

 

 
Figure 5 Sum of Articles by Publishers 
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Figure 6 Proportion of articles by Publishers 

 
2.1.4 Article Assortment Criteria 
 

Article assortment criteria was set to integrate foremost 
appropriate documents and dispose of insignificant amongst 
them. A scrupulous way of examination was taken after to 
categorize related articles coordinating towards the goal were 
seen. At that point a careful perusing investigation was 
executed on titles, abstracts and conclusions in order for 
casting the chosen articles for additional processing (Fig. 7). 
In expansion, sifted articles were systematically reviewed to 
authenticate the suitability of articles for the purposes of this 
assessment. At last, foremost pertinent articles stood 
encompassed for this survey.  
 
2.1.5 Mining of Data 
 

Thorough information mining prepare was accomplished 
upon articles headed for dodge repetition in data. A complete 
record of information hence recovered from databases was 
sustained into a exceed expectations spreadsheet 
(woasurvey.xlsx). Formerly, numerous classification forms 
were executed upon data like application allied classification 
(areas and sub parts of areas), method allied classification 

(Alteration, Hybridizing and Multi-impartial, etc.), year 
allied classification. 
 

 
Figure 7 Inclusion Criteria 

 
3 APPLICATIONS OF WOA 
 

Scholarly works has appeared a few regions of the 
application of WOA to cope with actual-world issues. 
Maximum of the studies examined its execution with 
different standard meta-heuristic besides unique old-style 
optimization strategies. Also, applications of WOA are rising 
speedily in numerous orders owing to its proficiency and 
simply versatile highlights. Here, we portray the pertinency 
of WOA within totally diverse extents, and sub extents of 
building areas by means of the most purpose of this review. 
Mainly, applications of WOA are categorized in five key 
areas and numerous subfields and display scientific 
categorization within Fig. 8.  

WOA has majorly been applied to 5 broad categories 
including Electrical Engineering, Computer Engineering, 
Applied Mathematics, Aeronautical Engineering and 
Construction Engineering. Out of these the major 
applications can be found for applying WOA in solving 
various computational problems.

 

 
Figure 8 Application of WOA [21] 
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Table 2 Application Analysis of WOA 
Link Technique YOP Application 

Area Problem Proposed Method Dataset Used Tool Used Comparison 

[6] Improved 2019 Computational 
Engineering 

0/1 Knapsack 
problem 

Opposition-based Whale 
Optimization Algorithm 
(OWOA) 

Twenty cases of 
Knapsack 
problem, 

MATLAB R2016a OBL with WOA, (CGMA) 
and HS-Jaya 

[7] Proposed 2022 Cloud 
Computing 

Privacy-protected 
data publishing in 
cloud computing 

Brain storm-based Whale 
Optimization Algorithm 

Chess T10I4D100 
K, and the retail 
databases 

- - 

[8] Proposed 2021 Neural 
Networks 

Enhancing Neural 
Networks 

A New Harris Hawk 
Whale Optimization 
Algorithm 

Cancer datasets 
and other datasets 
like fraud, banking 
note 
authentication. 

- - 

[9] Improved 2018 Machine 
Learning 
 

Feature Selection 
of Network 
Intrusion 
Detection 

Improved Binary Whale 
Optimization Algorithm 

UCI database, 
KDD CUP 99 data 
set 

- 
 
 
 
 

Genetic Algorithm (GA), 
PSO and WOA, 

[10] Improved 2020 Neural 
Networks 

multi-layer 
perceptron neural 
network training 

Teaching learning-based 
whale optimization 
algorithm 

Fifteen UCI 
benchmark 
datasets 

-  
GOA, GSO, SSO, FPA, GA 

and WOA 
[11] Modified 2020 Machine 

Learning 
Feature Selection 
in Micro Array 
Cancer Dataset 

Modified Whale 
Optimization Algorithm 

Microarray 
datasets     
(Leukamia, 
Lymphoma, 
Prostate) 

- Classification models using 
SVM, NB and KNN with 
PSO algorithm 

[5] Proposed 2017 Machine 
Learning 

Wrapper feature 
selection 

WOA approaches for 
wrapper feature selection 

Eighteen UCI 
benchmark 
datasets 

MATLAB Particle Swarm Optimization 
(PSO), Genetic Algorithm 
(GA), the Ant Lion 
Optimizer (ALO), and five 
standard filter feature 
selection methods 

[12] Proposed 2020 Computational 
Engineering 

Enhance Software 
Project Effort 
Estimation 

Exploring WOA to 
Enhance Software Project 
Effort Estimation 

NASA 93 - - 

[13] Improved 2021 Applied 
Mathematics 

Constrained 
Optimization 
Problems 

Improved Whale 
Optimization Algorithm 

Single-modal 
functions and 
complex nonlinear 
multimodal 
functions 

- Comparision with Basic 
WOA 

[14] Proposed 2021 Machine 
Learning 

Efficient high-
dimensional 
feature selection 
approach 

Spatial bound whale 
optimization algorithm 

16 high-
dimensional 
datasets gathered 
from Arizona State 
University 
(TOX_171, Colon, 
and Prostate_GE) 

- Eight state-of-the-art feature 
selection methods 

[15] Proposed 2018 Applied 
Mathematics 

Maximum flow 
problem 

WOA for solving 
Maximum flow Problem 

- MATLAB Average run time and the 
accuracy of the results with 
ford-fulkerson Algorithm 

[16] Proposed 2017 Machine 
Learning 

Feature Selection Feature Selection 
approach based on WOA 

Sixteen UCI 
benchmark 
datasets 

 particle swarm optimization 
(PSO) and genetic algorithm 
(GA) 

[17] Modified 2020 IoT 
 

Control of 
switched 
reluctance motor 

Cosine adapted modified 
whale optimization 
algorithm (CamWOA) 

Unimodal 
benchmark 
functions 

MATLAB/SIMULIN
K 

WOA, WCMFOA, ABCA, 
GA, PSA, GS, CS, GSA, 
Hybrid PSOGSA, WCA, 
MFOA, DA 

[18] Improved 2021 Power Systems Optimize the 
cascade reservoir 
power generation 

Adaptive weights and 
differential mutation 
perturbation factors 
(APWOA) 

Sphere, Griewank,  
Rastrigin, Ackley 

- WOA performance testing, 
APWOA, PSO, linearly 
decreasing weight PSO 

[19] Proposed 2019 Wireless Sensor 
Networks 

Discover 
communities in 
networks 

Whale optimization based 
community detection 
algorithm (WOCDA) 

Karate,  Dolphins,  
Polbooks, 
Football,   Jazz,  
Elegans, Email, 
Facebook 
Networks 

- DPSO, iMeme-net, BA, 
AFSA 

[20] Proposed 2021 Computational 
Engineering 

Enhance Apache 
Spark’s 
computational 
performance 

Spark-based parallel 
processing whale 
optimization algorithm 

Alpine, Ackley, 
Sphere, and 
Schwefel 
Benchmark 
functions 

AmazonWeb 
Services Elastic 
MapReduce (EMR) 

MapReduce WOA (MR-
WOA), and serial 
implementation of WOA; 
Nonparametric Wilcoxon’s 
signed rank sum test 

 
Tab. 2 summarize the gathered details about various 

studies analyzed for using WOA. As represented in Fig.8, 
many applications of WOA were used for solving 
computational engineering problems [5, 7-13, 15, 17, 21]. 
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Few applied mathematics problems were also solved using 
WOA [14, 16].  

It can also be observed that 12 different versions of 
WOA have been utilized (as listed in Tab. 2) based on the 
improving the existing WOA algorithms or utilizing a hybrid 
version by combining with some other technique. All of the 
applications have been tested on different datasets (Tab. 2) 
due to the difference in the very problem statement being 
solved using WOA. As per the tools used, majorly MATLAB 
has been utilized for the coding and analysis purposes as 
mentioned in the reviewed studies. 

 
4 RESULT AND DISCUSSION 
 

The current research led to the observation that WOA is 
already utilized within nearly every general field of building 
space aimed at measuring complex optimization issues. The 
prejudice of the search-based WOA like swarm insights 
optimization method is speedily expanding amid the 
scholarly community and businesses meanwhile its 
beginning. By means of the results gathered from the current 
research, the application of WOA is anticipated to be more 
developed in assorted other pertinent areas of designing 
further stated within this study (electrical as well as control 
system, computer building, aircraft building, and 
construction coaxing). A few adaptations of WOA grounded 
techniques are created via analysts throughout the globe in 
far along former to address various engineering optimization 
issues like binary-based technique, feature selection, and 
disapproval-based learning means.  

Amid studied work, feature selection-based and 
disapproval-based learning strategies were foremost 
predominant methods attained within writing aimed at 
understanding advanced optimization issues. 

WOA is used in the field of Neural Network to enhance 
masses and the prejudice of a neural network. Also, proposed 
algorithm is used in diverse kind of datasets like cancer, 
deception, investment memo authentication [8]. 

Proposed protection conservation demonstration was 
implemented particularly for cloud segment [7]. The 
projected prototypical intricate two fundamental phases: 
information decontamination then renovation through an 
ideal key creation. The ideal key remained augmented by 
means of proposed J-SSO calculation via determining a 
multi-intentional role amongst the constraints just as degree 
for adjustment, data conservation proportion. Whereas 
bearing in mind the level of expansion, search-based 
calculations for resolving privacy conservancy issue with 
taking care of various information, PSV-GWO faces bad 
neighborhood-looking capacity and moderate merging. 
 
5 CONCLUSION 
 

Transformation-based calculations were broadly 
examined search-based calculations in designing spaces to 
espouse optimization issues. Fast development of intelligent 
search-based calculations in later years enthused the analysts 
towards investigating pertinence within multidisciplinary 
areas. Within the similar vein, our survey attempts to sightsee 

the possibilities within recently created search-based WOA 
over an orderly prose review. Research is based on WOA: 
applications within diverse disciplines, alterations, and 
crossings, to confront different combinations for 
optimization issues. In spite of the reality that outset of this 
calculation is very current, its overpowering development 
completely diverse regions is rather self-evident.  The larger 
part of articles checked on in this contemplate is focused on, 
the applications of calculation, modification-based tactic to 
an arrangement, cross breed strategy of a solution thru 
combining other strategies or calculations, and constraint 
enhancements. Be that as it may, there's chamber for change 
in calculation to unravel multi-dimensional and multimodal 
difficulties. Additionally, binary-based, feature selection 
based, choice-based require a part of effort hours within 
upcoming research to illuminate multifaceted optimization 
issues over WOA. An update of multi-intentional strategy by 
means of alternating the single-intentional constraint to 
multi-intentional constraints through same calculation may 
be additional exhilarating range of enhancements worth 
investigating. 

A key parcel of works examined within this survey is 
towards resolving the worldwide optimization issue in 
excessive dimensional region. However, supplementary 
multifaceted perspectives, like ideal switch problem utilizing 
parallel mathematical strategy, disordered sequence issue, 
different backpack issue, multi-class SVM issue, stage 
stream shop issue, obligation issue, repetition assignment 
issue, and many additional, can be occupied into 
consideration for encouraging research track. This audit 
examines the applications of WOA within different areas and 
sub parts of engineering fields aimed at tackling optimization 
issues. This paper unlocks way for investigating additional 
intriguing and multi-disciplinary arenas that can be tattered 
by the smoothness of WOA. 
 
6 REFERENCES 
 
[1] Mirjalili, S., & Lewis, A. D. (2016). The whale optimization 

algorithm. Advances in Engineering Software, 82, 51–67.  
https://doi.org/10.1016/j.advengsoft.2016.01.008 

[2] Gharehchopogh, F. S., & Gholizadeh, H. (2019). A 
comprehensive survey: Whale optimization algorithm and its 
applications. Swarm and Evolutionary Computation, 48, 1–24. 
https://doi.org/10.1016/j.swevo.2019.03.004 

[3] Mohammed, H. M., Umar, S. U., & Rashid, T. A. (2019). A 
systematic and meta-analysis survey of whale optimization 
algorithm. Neural and Evolutionary Computing. 
https://doi.org/10.1155/2019/8718571 

[4] Boopalan, S., & Preena, R. R. E. (2021). Meta-analyses in 
survey of whale optimization algorithm. International Journal 
of Emerging Technologies and Innovative Research, 8(2), 803–
825. 

[5] Mafarja, M., & Mirjalili, S. (2018). Whale optimization 
approaches for wrapper feature selection. Applied Soft 
Computing, 62, 441–453.  
https://doi.org/10.1016/j.asoc.2017.11.006 

[6] Alamri, H. S., Zamli, K. Z., Razak, M. F. A., & Firdaus, A. 
(2019). Solving 0/1 knapsack problem using opposition-based 
whale optimization algorithm (OWOA). In Proceedings of the 



Samiksha Yadav et al.: Transient Applications and Insights to Whale Optimization Algorithm 

TEHNIČKI GLASNIK 20, 4(2026), 637-643                                            643 

2019 8th International Conference on Software and Computer 
Applications (ICSCA '19) (pp. 42–46). ACM.  
https://doi.org/10.1145/3316615.3316658 

[7] Revathi, S. T., Ramaraj, N., & Chithra, S. (2019). Brain storm-
based whale optimization algorithm for privacy-protected data 
publishing in cloud computing. Cluster Computing, 22(2), 
3521–3530. https://doi.org/10.1007/s10586-018-2200-5 

[8] Agarwal, P., Mehta, S., Gupta, A., & Farooqi, N. (2021). A new 
Harris hawk whale optimization algorithm for enhancing 
neural networks. In 2021 Thirteenth International Conference 
on Contemporary Computing (IC3-2021) (pp. 179–186). IEEE. 
https://doi.org/10.1145/3474124.3474149 

[9] Xu, H., Fu, Y., Fang, C., Cao, Q., Su, J., & Wei, S. (2018). An 
improved binary whale optimization algorithm for feature 
selection of network intrusion detection. In 2018 IEEE 4th 
International Symposium on Wireless Systems within the 
International Conferences on Intelligent Data Acquisition and 
Advanced Computing Systems (IDAACS-SWS) (pp. 136–141). 
IEEE. https://doi.org/10.1109/IDAACS-SWS.2018.8525605 

[10] Zhou, Y., Niu, Y., Luo, Q., & Jiang, M. (2020). Teaching 
learning-based whale optimization algorithm for multi-layer. 
Mathematical Biosciences and Engineering, 17(5), 5987–
6025. https://doi.org/10.3934/mbe.2020320 

[11] Sathya, M., & Priya, S. M. (2020). Modified whale 
optimization algorithm for feature selection. International 
Journal of Scientific & Technology Research, 9(3), 2277–8616. 

[12] Fadhil, A. A., & Alsarraj, R. G. (2020). Exploring the whale 
optimization algorithm to enhance software project effort 
estimation. In 6th International Engineering Conference: 
Sustainable Technology and Development (IEC) (pp. 146–
151). https://doi.org/10.1109/IEC49899.2020.9122918 

[13] Ning, G.-Y., & Cao, D.-Q. (2021). Improved whale 
optimization algorithm for solving constrained optimization 
problems. Discrete Dynamics in Nature and Society, 2021, 
Article 6639744. https://doi.org/10.1155/2021/8832251 

[14] Too, J., Mafarja, M., & Mirjalili, S. (2021). Spatial bound 
whale optimization algorithm: An efficient high-dimensional 
feature selection approach. Neural Computing and 
Applications, 33(23), 16229–16250.  
https://doi.org/10.1007/s00521-021-06224-y 

[15] Masadeh, R., Alzaqebah, A., & Sharieh, A. (2018). Whale 
optimization algorithm for solving the maximum flow 
problem. Journal of Theoretical and Applied Information 
Technology, 96(8), 2208–2220. 

[16] Sharawi, M., Zawbaa, H. M., & Emary, E. (2017). Feature 
selection approach based on WOA. In Ninth International 
Conference on Advanced Computational Intelligence (ICACI) 
(pp. 163–168). IEEE. https://doi.org/10.1109/ICACI.2017.7974502 

[17] Saha, N., Panda, S., & Sidhartha, M. (2020). Cosine adapted 
modified whale optimization algorithm for control of switched 
reluctance motor. Computational Intelligence, 38(3), 978–
1017. https://doi.org/10.1111/coin.12310 

[18] Lü, J.-X., Yan, L.-J., Pa, T.-S., Chu, S.-C., Pan, J.-S., He, X.-
K., & Chang, K.-C. (2021). An improved whale optimization 
algorithm and its application to power generation in cascade 
reservoir. In Advances in Intelligent Information Hiding and 
Multimedia Signal Processing (Smart Innovation, Systems and 
Technologies, Vol. 211) (pp. 228–237). Springer.  
https://doi.org/10.1007/978-981-33-6420-2_28 

[19] Zhang, Y., Liu, Y., Li, J., Zhu, J., Yang, C., Yang, W., & Wen, 
C. (2020). WOCDA: A whale optimization based community 
detection algorithm. Physica A: Statistical Mechanics and Its 
Applications, 539, 122937.  
https://doi.org/10.1016/j.physa.2019.122937 

[20] Alshayeji, M., Behbehani, B., Ahmad, A., & Imtiaz, W. (2021). 
Spark-based parallel processing whale optimization algorithm. 
Concurrency and Computation: Practice and Experience, 
34(4), e6192. https://doi.org/10.1002/cpe.6192 

[21] Rana, N., Latiff, M. S. A., Abdulhamid, S. M., & Chiroma, H. 
(2020). Whale optimization algorithm: A systematic review of 
contemporary applications, modifications and developments. 
Neural Computing and Applications, 32, 16245–16277.  
https://doi.org/10.1007/s00521-020-04849-z 

 
 
Authors’ contacts: 
 
Samiksha Yadav 
Indira Gandhi Delhi Technical University for Women (IGDTUW),  
Kashmere Gate, New Delhi, Delhi 110006, India 
 
Ankita 
Indira Gandhi Delhi Technical University for Women (IGDTUW),  
Kashmere Gate, New Delhi, Delhi 110006, India 
 
Shweta Jindal 
Indira Gandhi Delhi Technical University for Women (IGDTUW),  
Kashmere Gate, New Delhi, Delhi 110006, India 
 
Nishtha Jatana 
Maharaja Surajmal Institute of Technology,  
4 Janakpuri, New Delhi, Delhi 110058, India 
 
Charu Gupta 
Bhagwan Parshuram Institute of Technology,  
Sector-17, Rohini, PSP-4, New Delhi, Delhi 110085, India 
 
Nitesh Singh Bhati 
Gautam Buddha University,  
Opp. Yamuna Expressway, Greater NOIDA, 
Gautam Budh Nagar, Uttar Pradesh-201312, India 
 
Dimple Tiwari  
(Corresponding author) 
School of Engineering & Technology,  
Vivekananda Institute of Professional Studies - Technical Campus,  
Outer Ring Rd, AU Block, Ranikhet, Pitampura, New Delhi, Delhi, 110034, India 
E-mail: dimple.tiwari88@gmail.com  
 


	6 REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



