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Preface

Inspired by the world around them, researchers are gathering information
that can be developed for use in areas where certain practical applications
of nature-inspired computation and machine learning can be applied. This
book was designed to enhance the reader’s understanding of this process
by portraying certain practical applications of nature-inspired algorithms
(NIAs) specifically designed to solve complex real-world problems in
data analytics and pattern recognition by means of domain-specific solu-
tions. Since various NIAs and their multidisciplinary applications in the
mechanical engineering and electrical engineering sectors; and in machine
learning, image processing, data mining, and wireless networks are dealt
with in detail in this book, it can act as a handy reference guide. A brief
description of the topics covered in each chapter is given below.

—In Chapter 1, “Introduction to Nature-Inspired Computing,” Dr. N. M.
Saravana Kumar, K. Hariprasath, N. Kaviyavarshini and A. Kavinya
introduce a new discipline that strives to develop new computing
techniques through observing how naturally occurring phenom-
ena behave to solve complex problems in environmental situations.
Characterization of nature-inspired algorithms are also discussed.

-In Chapter 2, “Applications of Hybridized Algorithms and Novel
Algorithms in the Field of Machine Learning,” Dr. P. Mary Jeyanthi and
Dr. A. Mansurali introduce various hybridized algorithms in the field
of machine learning (ML) along with their applications. This chapter
emphasizes the characteristics of a genetic algorithm (GA) which helps
machine learning in GA’s consideration of genes (variables).

-In Chapter 3, “Efficiency of Finding Best Solutions Through Ant
Colony Optimization (ACO) Technique,” Dr. K. Sasi Kala Rani and
N. Pooranam address the challenges faced in tourism when a planned
vacation to a specific destination is challenged by unforeseen events
like adverse climate conditions that threaten to derail the trip. In this
case, an optimal solution is generated by using heuristic value and

XV



xvi PREFACE

an ACO algorithm in which the continuous orthogonal ant colony
(COAC) method helps to solve real-world problems.

—In Chapter 4, “A Hybrid Bat-Genetic Algorithm-Based Novel Optimal
Wavelet Filter for Compression of Image Data,” Renjith V. Ravi and
Kamalraj Subramaniam explain how three modules, namely opti-
mized transformation module, compression and encryption module
and receiver module, are used. Initially, the input image is sub-band
coded using hybrid bat-genetic algorithm-based optimized DWT.
Subsequently, the encoding using SPTHT and chaos-based encryption
is carried out. In receiver module, the received signal from the AWGN
channel is demodulated, decrypted and de-compressed to obtain the
estimated image. From the results, we can infer that the use of the pro-
posed filter and technique has produced better image quality when
compared to existing techniques.

-In Chapter 5, “A Swarm Robot for Harvesting a Paddy Field,” N.
Pooranam and T. Vignesh discuss how the harvesting process can be
improved in a positive way by using the PSO-based swarm intelli-
gent algorithm to help in searching for and optimizing the process.
The harvesting process has several steps: Reaping (cutting), threshing
(separating process), and cleaning (removing non-grain material from
grains). The PSO algorithm will find the positions of all robots to start
harvesting and crust-based PSO will help to improve the optimization.

-In Chapter 6, “Firefly Algorithms,” Anupriya Jain, Seema Sharma and
Sachin Sharma present the working principle of firefly algorithms (FA)
in detail with the algorithm explained and its implementation ready
for reference. In recent years, variants of FA to accommodate new
problems have been introduced. The hybrid or modified models have
tremendously improved the performance of a standard FA. These spe-
cial cases and applications of this metaheuristic problem are discussed
in detail.

—In Chapter 7, “The Comprehensive Review for Biobased FPA Algorithm,’
Meenakshi Rana introduces the concept of flower pollination algo-
rithms characterized by a small number of parameters, which make
it promising in solving optimization problems, even multi-objective
complex ones. These algorithms are embedded with a mechanism for a
local and global exploration feature which is complementary and helps
the algorithm work efficiently.

-In Chapter 8, “Nature-Inspired Computation in Data Mining,” Aditi
Sharma highlights the application of nature-inspired computation in
data mining along with its benefits and challenges. For the benefit of
the reader, the most used optimization techniques are covered in detail.
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-In Chapter 9, “Optimization Techniques for Removing Noise in
Digital Medical Images,” Dr. D. Devasena, Dr. M. Jagadeeswari, Dr. B.
Sharmila and Dr. K. Srinivasan introduce various types of evolution-
ary computation algorithms inspired by biological, social and natu-
ral systems. These methods include the following algorithms: particle
swarm optimization (PSO), bat algorithm (BA), firefly algorithm (FA),
social spider optimization (SSO), collective animal behavior (CAB),
differential evolution (DE), genetic algorithm (GA) and bacterial for-
aging algorithm (BFA). Thus, the evolutionary algorithms are ones that
simulate biological, natural or social level systems to address real-time
image processing problems.

-In Chapter 10, “Performance Analysis of Nature-Inspired Algorithms
in Breast Cancer Diagnosis,” K. Hariprasath, Dr. S. Tamilselvi, Dr.
N. M. Saravana Kumar, N. Kaviyavarshini and Dr. S. Balamurugan
introduce many successful optimization approaches like swarm intel-
ligence, machine intelligence, data mining and resource management.
The swarm intelligence model is one of the popular computation
theories that is motivated by common swarm frameworks. The three
primary swarm protocols are to move in the same direction as its
neighbors, to remain as close as possible to the neighbors, and to avoid
collision among neighbors.

-In Chapter 11, “Applications of Cuckoo Search Algorithm for
Optimization Problems,” Akanksha Deep and Prasant Kumar Dash
introduce various optimization algorithms which are classified on the
basis of two key elements—diversification and aggregation—generally
known as exploitation and exploration. Exploration aims to find a con-
temporary solution which results in locating global optima, whereas
exploitation aims to find local optima of the solution space explored.

-In Chapter 12, “Mapping of Real-World Problems to Nature-Inspired
Algorithm Using Goal-Based Classification and TRIZ” Palak
Sukharamwala and Manojkumar Parmar present a novel method based
on TRIZ to map real-world problems to nature problems. TRIZ is also
known as the theory of inventive problem solving. Using the proposed
framework, the best NIA can be identified to solve real-world prob-
lems. For this framework to work, a novel classification of the NIA
based on the end goal that nature is trying to achieve is devised.

To conclude, we would like to extend our appreciation to our many col-
leagues. We also extend our sincere thanks to all the experts for providing
preparatory comments on the book that will surely motivate the reader
to read the topic. We also wish to thank the reviewers who took time to
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review this book, and are also very grateful to our family members for their
patience, encouragement and understanding. Special thanks also go to
many individuals at Scrivener Publishing, whose talents and efforts made
the publication of this book possible. Finally, any suggestions or feedback

from readers to improve the text will be highly appreciated.

The Editors
September 2021
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Introduction to Nature-Inspired
Computing

N.M. Saravana Kumar'*, K. Hariprasath?, N. Kaviyavarshini’
and A. Kavinya®

'Department of Artificial Intelligence and Data Science, M Kumarasamy
College of Engineering, Karur, India

’Department of Information Technology, Vivekanandha College of
Engineering for Women, Namakkal, India

Abstract

Nature-inspired algorithms have significance in solving many problems. This
chapter provides an overview of nature-inspired algorithms like bio-inspired algo-
rithm, swarm intelligence algorithm, and physical and chemical system-based
algorithm. Many real-world problems are solved using nature-inspired algorithms
and the role of optimization plays an important role. This chapter covers the basic
working and classification of nature-inspired algorithms along with its area of
applications. The purpose and its significance of each and every algorithm have
been described. Also, the applications of algorithms comprise most of the real-
time problems.

Keywords: Nature-inspired, bio-inspired, evolutionary computing, swarm
intelligence, optimization, applications

1.1 Introduction

An algorithm is a finite series of definite procedure for finding significance
of the pattern. They are utilized to explain a course of difficulties and then
implement calculation. Algorithm are said to unambiguous and utilized
for performing computation and dealing with other task.

*Corresponding author: saravanakumaar2008@gmail.com

S. Balamurugan, Anupriya Jain, Sachin Sharma, Dinesh Goyal, Sonia Duggal and Seema Sharma (eds.)
Nature-Inspired Algorithms Applications, (1-32) © 2022 Scrivener Publishing LLC
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2 NATURE-INSPIRED ALGORITHMS APPLICATIONS

Algorithm has different characteristics; they are unambiguous, well-
defined input and output, determinate, realistic, and independent of lan-
guage. Unambiguous refers to having only one interpretation which leads
to only one conclusion. Well-defined input and output refers to defining
the input and output clearly. Determinate refers to algorithm that must
be finite as the algorithm should not conclude with infinite loop. Realistic
refers to the algorithm that is general, simple, and practical which may be
implemented with an accessible source. Independent of language refers to
the algorithm that must be designed with independent of language that it
can be implemented in any language.

The technique of optimization comprises nonlinear problem with huge
variables containing design and more composite constraints in the appli-
cation of real world. The problem of optimization is linked with decrease
of cost, waste, and time or increase in performance, benefits, and profits.
Optimization can be described as an attempt of generating solutions to a
problem beneath bounded circumstances. Optimization techniques have
arisen from a desire to utilize current resources inside the excellent possi-
ble way.

1.2 Aspiration From Nature

Always nature performs actions in an incredible approach. After the
detectable phenomenon, the incalculable conspicuous effects at present
are indiscernible. Theorists and experts have been penetrating this type of
phenomenon in the centurial essence and making effort to grasp, recog-
nize, accommodate, describe, and simulate the artificial structure. There
are countless handler agents and extra energy that is present in both real-
istic and non-realistic world, nearly which are unfamiliar and hidden risk
is beyond manhood apprehension in total. Those agents bear in collateral
and usually in opposition to a very few other affording pattern and quality
to nature and standardize the kinship, elegance, and agility of survival. This
has to be noticed as the dialectical nature which prevails in the theory of
the world progression. The expansion of risk in nature pursues a peculiar
structure. In addition to this, also, intelligence dealing with the nature is
implemented in a shared, self-formed, and optimum response without any
fundamental domination.

This type of entire ordination, which is in various types—micro bio-
logical, physiologic, chemic, and sociality—is circulated as stated by the
risk factor for low level to high level. This series formulate its common
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dependency and partnership with regard to mutual framework and its
personal biography. The behavior retardation owing to the transformed
conditions and these entire phenomenon best-known or little-known till
now come up with an advanced concepts in science and various technol-
ogies, also computation which practice the procedures for resolving prob-
lems that is inspired by the nature additionally endeavor to comprehend
the fundamental foundations and structures of nature that achieve com-
plicated effort in an advantageous form with narrow assets and capable-
ness. Science intermediates in-between the theorist and the world nature
which was emerged before many years by developing advanced hypoth-
esis, techniques, and implementation into well-known system of techno-
logical strive.

Manhood has been practicing to comprehend the nature of all time
because of evolving advanced mechanisms as well as tools. Nature-inspired
computing consists of several branches; one of them is integrative in nature
that associates interpolating of knowledge together with information
of science among various fields of sciences that permits the emerging of
advanced computing processes like algorithms or both software and hard-
ware for understanding the problems, combining of various models and
territoriality.

1.3 Working of Nature

Acquiring from nature has become an entrenched practice in processing.
The explanations behind this are straightforward. Figuring needs to man-
age progressively complex issues where customary strategies frequently do
not function admirably. Regular frameworks have advanced approaches
to take care of such issues. Techniques acquired from nature incorporate
the two different ways to speak to and model frameworks, for example,
cell automata or neural systems, and methods to tackle complex issues.
The inspiration for putting together calculations with respect to nature is
that the normal procedures concerned are known to deliver alluring out-
comes, for example, finding an ideal estimation of some component. This
perception has propelled numerous calculations dependent on nature. In
spite of their viability, strategies displayed on nature have frequently been
treated with suspiciousness. Customary scientific techniques, for exam-
ple, straight writing computer programs, depend on notable hypothetical
establishments. So, their understanding and their confinements can be
tried diagnostically. Interestingly, nature-based techniques are specially
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appointed heuristics dependent on wonders whose properties are not con-
stantly seen, even by science.

The above issues raise a need to recognize hypothetical establishments to
support nature-based calculations. To address this need, we set out to do the
accompanying right now. To start with, we recognize highlights that are nor-
mal to numerous nature move calculations and show how these are portrayed
by a proper model that clarifies why the calculations work. Also, we portray
three structures for depicting nature-inspired calculations and their activ-
ity. At long last, we examine some more profound issues about the contrasts
between normal procedures and techniques dependent on them. This incor-
porates both the hazardousness of streamlining nature and further exercises
that we can get from the manner in which forms really work in nature.

1.4 Nature-Inspired Computing

Nature-inspired computing is an emerging technique which introduces a
new discipline by observing the phenomena happening in nature used to
give solution to the difficult problem in the surroundings. NIC had has a
best presentation for attracting responsiveness in a substantial way. NIC
has developed new innovative study with new branch, namely, swarm
intelligence (SI), evolutionary computation (EC), quantum computing,
neural networks, fractal geometry, artificial life and artificial immune sys-
tems (AIS), and DNA computing. It also used in the field of biology, phys-
ics, engineering, management, and economics. Some of the examples of
nature-inspired algorithms are like evolutionary computing (EC), artificial
neural networks (ANN), fuzzy systems (FS), and SI. Nature-inspired com-
puting is also referred as natural-inspired computation which is defined
as an expression to include three methods of classes. They are as follows:

i. For the improvement of innovative problem solving, it takes
technique which is inspired by nature.

ii. Based on utilization of processer for the manufacture of phe-
nomena by nature.

iii. Based on the molecules of natural material that hire for
computation.

To solve optimization problem of real world is challenging and more
application need to deal with problem of NP-hard. Even though optimiza-
tion tool is used to solve this problem, there is no assurance for reaching the
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optimal solution. There is no efficiency of algorithm for NP problems. As a
conclusion for NP problems, technique of optimization is used to solve by
experimental method. Some of new algorithm like particle swarm optimi-
zation (PSO), cuckoo search (CS), and firefly algorithm (FA) are developed
to face this challenging problem of optimization. These new algorithm are
developed to gain popularity for the performance with high efficiency. In
recent survey, there are about more than 40 new different algorithms. This
classification of these different algorithms is risky as it should be based on
criteria with no guideline [1].

In growth of new algorithm which is inspiration of nature, some algo-
rithms like SI algorithms and bio-inspired algorithms are developed.
Metaheuristic algorithm like nature-inspired algorithm is based on physical,
biological, chemical, and SI. These algorithms are called as physical-based,
biological-based, chemical-based, and SI-based algorithms depending on
the inspiration of nature. As the entire algorithms are not efficient, some
algorithms became more common for solving all problem of real world.

1.4.1 Autonomous Entity

Autonomous entities inside the nature-inspired computing concepts com-
prised of two systems. One is effectors and the other is detectors. There
may be various detectors which acquires data considering the adjacent
agents and the surrounding. Also, there may be numerous effectors which
reveal specified behaviors, purpose of changing to their intrinsic affirm,
and propel transformation to the atmosphere. Effectors alleviate the dis-
tributing of data between autonomous entities.

NIC software structures are made out of specific conduct regula-
tions that are important to self-governing entity. They are normally used
to determine how a self-governing entity has to act on facts or react to
nearby stimuli which might be accumulated and shared via the detectors.
Autonomous entities are capable of gaining knowledge of because they
reply to neighborhood changing situations via modifying their collective
rules of behavior over time.

Computational ideal models concentrated by normal processing are
preoccupied from characteristic marvels as differing as self-replication, the
working of the cerebrum, Darwinian advancement, subgroup conduct, the
resistant framework, the characterizing properties of living things, cell films,
and morphogenesis. Other than customary electronic equipment, these
computational ideal models can be actualized on elective physical media,
for example, bimolecular or caught particle quantum figuring gadgets.
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Dually, one can see forms happening in nature as data handling. Such
procedures incorporate self-get together, formative procedures, quality
guideline systems, protein-protein connection systems, natural vehi-
cle (dynamic vehicle and aloof vehicle) systems, and quality gathering
in unicellular creatures. Endeavors to comprehend natural frameworks
likewise incorporate designing of semi-manufactured living beings and
understanding the universe itself from the perspective of data handling.
In reality, the thought was even best in class that data is more central
than issue or vitality. The Zuse-Fredkin postulation, going back to the
1960s, expresses that the whole universe is an enormous cell robot which
persistently refreshes its principles. As of late, it has been proposed that
the entire universe is a quantum PC that figures its own conduct. The
universe/nature as computational system is tended to investigating nature
with assistance the thoughts of process ability and considering normal
procedures as calculations.

1.5 General Stochastic Process of Nature-Inspired
Computation

In recent days, the evolution of computation has an essential characteristic
like model for processing information, which is meant by simulating the
character in the basic of intelligent. The character may be biological system
or organization in nature. As an example, the algorithm simulating and
inspired the evolution of genetic occurrence of organism in nature that
has a policy developing from nature like transformation, collection, and
boundary that is to find an optimal solution from the group of solutions in
nature is called as genetic algorithm (GA). The algorithm inspired by the
human brain structure and use the policy of processing modes of informa-
tion through neural which is human brain interpretation is called as ANN.
The inspiration of seeking actions of group of some species like ant or birds
from which optimal solution can be found to the problem by algorithms,
namely, PSO and ant colony system (ACS).

In nature-inspired computation, to refer essential and possible setup
for fundamental and comparative unitive structure that helps to under-
stand the fundamental principle of intellectual modes and to syncretize
of intellectual algorithm and to increase the enactment of algorithm is
significant. During the procedure of self-motivated computation, a wide
range of calculations and computation models of nature-inspired have
dispersed enhancement qualities regardless notwithstanding, it is con-
fined by a general system of outer uniform conditions. The general system
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of nature-inspired computation can be viewed as a hierarchy model,
which is partitioned into four layers as indicated by material issues to
be get resolved, including the layer of macrostructure plan and strategy
improvement, the layer of undertaking flagging and comparing, the layer
of computation preparation and data detecting, and the layer of develop-
ment procedure of controlled elements or items. In the layer of macro-
structure structure and technique improvement, client and plan module,
information and strategy overhauling module, and significant information
and strategy archive are incorporated. In the information and technique
redesign module, significant information, smart computation model,
and other plan strategies are gathered. Subsequent to being moved up to
framework level by information and technique module, the information
and strategies are put away to information and strategies storehouse to
be moved by the macroscopically plan and dynamic finding of solution
module.

In the client and structure module, the reacting specific model outside
and general parameters are resolved, and data and related information on
the chose smart computation model as indicated by reasonable issues to
be comprehended are refined. In the meantime, the refining orders are
sent to the information and techniques database. The information and
strategies store at that point turn into a strategy archive which is not
pointing in any way regular figuring techniques however unique smart
calculation models. The information and strategy update module is focus-
ing on a particular module. In the layer of undertaking disintegrating and
relating, the fundamental activity is the dynamic appropriation. As per
the data of model structure and collectivity parameter introduced by the
layer above and as indicated by the macroscopical factor, the depiction
of undertaking disintegrating, and circulating and relating procedures of
errands, collectivity target request, and dynamic parameters are dissected
to the comparing nearby assignment instruction and then transmitted to
the lower booking actualize module. This undertaking is an investigation
of the macroscopical parameter to neighborhood assignment and guid-
ance. In the layer of computation planning and data detecting, the imple-
mentation of schedule module, data trade module, and data detecting and
addition module are considered [2].

As by the fractional training from the upper level, relative orders can be
completed, conveyed by the implementation of schedule modules of smart
operators. Each smart operator can be based on concept of reasoning or a
substance idea, contingent upon the problem which is resoled depending
on the above. The essential reference control sign of genuine development
can be organized by every incomplete crucial continuous programming of
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assignment, real-time development programming, ongoing development
control, and constant guidance momentum. Data of the planning usage
module required can be made by the data detecting and gathering mod-
ule, got through the taking out of original data assortment by fixed-point
detecting, distinguishing proof and change, and through optimization of
processing signal, data extraction and demonstrating, data collection and
redesigning, and data systematization. The manufactured data which is
real are dispersed to each planning execution module of operators through
the data trade modules, including data arrangement, data order, data test,
data transformation, and data distribution.

The layer of development procedure of controlled objective substance
incorporates controlled development process and controlled item element,
just as comparing sensor framework. In the controlled development process,
the controlled article gets continuous control signs of development parameter
from the computation planning execution module of upper layer to actualize
the items moving. The sensor framework can gather the first data of items and
move the data to the above-layer data detecting and collection module.

Decision-making distribution module, information and techniques
update module, and computation of schedule module that utilize data trade,
detecting, etc., for every specialist are autonomous in the general system of
nature-inspired computation. Subsequent to finishing the structure and plan-
ning of undertakings, the development of a populace of specialists can be
realized in an appropriated and free computational condition which takes on
a fundamental attribute of dispersed man-made consciousness remembered
for the possibility of nature-inspired computation. It is vibrant that nature-
inspired computation is not completely equivalent to an autonomous physical
framework or organic populace, yet is a unique structure thought that puts
up a sort of relative uniform smart computation mode and is characterized
dependent on survey and home investigation of interrelated smart models.

1.5.1 NIC Categorization

Nature-inspired algorithms are characterized into five gatherings:

Evolutionary algorithms (EA)

Physical algorithms (PA)

Swarm intelligence (SI)

Bio-inspired algorithms (BIA, however not SI-based)
Nature-inspired algorithms.

NI

Figure 1.1 categorize the NIC algorithms in detail.
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Nature-Inspired Computing
Bio Inspired Swarm Intelligence Physical, Chemical
Algorithm Algorithm Systems Based Algorithm
Artificial Inmune Ant Colony Simulated Annealin
Evolutionary System Cat Swarm Opt. Harmony Search &
Algorithm Bacteria foraging Cuckoo Sgarch Y
& many others Bat Algorithm

Firefly Algorithm

Genetic Algorithm
Evolution Strategies
Genetic programming

Social Algorithm
Evolutionary Programming
Differential Evolution

Figure 1.1 Category of NIC.

1.5.1.1 Bioinspired Algorithm

Clearly, SI-based calculations have a place with a more extensive class
of calculations, called BIA. Certainly, BIAs are mostly major algorithms
of each and every nature-inspired algorithms. From a set of hypothesis
perspective, SI-based algorithms are a subgroup of BIAs; while BIAs are
a subgroup of nature-inspired algorithms. Numerous BIAs do not utilize
straightforwardly the swarming conduct. In this way, this approach is
smarter to call them bio-inspired however not as SI based. For instance, GAs
are also included in the bio-inspired concept but SI based is not included.
Even so, this is difficult to arrange few algorithms, for example, differential
evolution (DE). Carefully, DE is not bio-inspired on the grounds that there
is no immediate connect to any natural conduct. Nevertheless, it has some
similitude to GAs. The BIA comprised of bacterial foraging optimization
(BFO), AIS, Krill herd algorithm, and dendritic cell algorithm [3].

Bio-inspired computation serves a gathering of algorithms that focus on
gainful processing, for example, for enhancement procedures and coordi-
nation acceptance. These algorithms depend upon fields like science, soft-
ware engineering, and arithmetic. BIAs are major and main set of SI-based
and nature-inspired algorithms.
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1.5.1.2  Swarm Intelligence

In 1989, Gerardo Beni and Jing Wang acquainted SI in connection with
cell automated frameworks. Piece of a huge number of animal that have
chosen their own will for focus on a typical objective is called swarm. How
do swarms (winged animals, fish, and so on) figure out to move so well
altogether. How do ants locate the best wellsprings of nourishment in their
surrounding? To respond to these inquiries, new incredible streamlining
technique, i.e., S, is planned.

SI is simply the order that manages advanced collection, self-managed,
collaborate, flexible, and incredible behavior of class which observes the 35
straightforward principles. The idea of swarm insight depends on artificial
intelligence. Individual can be considered as idiotic yet numerous special-
ists’ display self-association conduct and, in this manner, can act like com-
munity oriented intelligence. SI-based calculation is famous and broadly
utilized. A biologic staging arrangement of nature gives the motivation.
Case of SI incorporates ant colony, bird congregation, animal or bird
grouping, bacterial development, and fish tutoring. Swarm telerobotics is
the methodology of SI, alludes to increasingly regular set-up of algorithms.
“Swarm forecasting” is utilized for determining issues [4].

The paradigms of SI are as follows:

1) Ant colony optimization (ACO): Dorigo in his Doctoral
exposition presented ACO. It is helpful in discovering better
ways through charts.

2) Particle swarm optimization (PSO): This approach promises
with issue in that a superlative clarification is constituted as a
point in a space of dimension. Advantage of PSO is that it has a
huge number of individuals that make the atom swarm, which
make the system amazingly intense issue of territorial minima.

3) Artificial bee colony (ABC): In 2005, Karaboga presented
this metaheuristic algorithm and animates the chasing con-
duct of sovereign honey bees. This algorithm is made up of
three phases. They are employed honey bees, scout honey
bees, and onlooker honey bees.

4) Fish swarm algorithm (FSA): Fish schooling is its starting
point. This algorithm works on three conduct of characteris-
tic fish.

« Searching behavior of fish
o Swarming behavior of fish
+ Following behavior of fish



