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Abstract

The transmission dynamics of COVID-19 is investigated through the prism of the
Atangana-Baleanu fractional model with acquired immunity. Harmonic incidence
mean-type aims to drive exposed and infected populations towards extinction in a
finite time frame. The reproduction number is calculated based on the next-generation
matrix. A disease-free equilibrium point can be achieved globally using the Castillo-
Chavez approach. Using the additive compound matrix approach, the global stability of
endemic equilibrium can be demonstrated. Utilizing Pontryagin’s maximum principle,
we introduce three control variables to obtain the optimal control strategies. Laplace
transform allows simulating the fractional-order derivatives analytically. Analysis of
the graphical results led to a better understanding of the transmission dynamics.

Keywords COVID-19 - Reproduction number - Immunity - Harmonic incidence
mean-type
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1 Introduction

The global SARS-CoV-2 pandemic caused substantial death tolls

, along with sig-
nificant economic and personal damage. Despite the widespread tr

ansmission of the
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I Introduction

The SARS Coronavirns or SARS-CoV-2 has swept the globe sinee the viras ererged in Withan City,
Clina [17. As of December 2009, nmnerons people in Clina have been diagnosed with severe phenon,
Many patients hae the sune expomire from the Huanan seafood maarket, World Health Organization
WHO veevived notification of the ontheeak in Wablian beeanse of 1 increasing munher of infeered
prosous (20 From Jantary st 20200 to Jaary: $1at. 2020, CONID-19 infictions bawve spread in-
termationally by the massive migration of Chinese people during the Chinese New Year, COVID-19
mfeetoms are confinmed vo have spread between himans omtside of Chinan, As aresult, those whir buul
never bheen to Clina acguired the disease Trom Joeals [31 The COVID-19 onthreak is an tnfortunate
disaster alfecting socid. coonomie, and health Tactors worldwide,

I the CONTR-T9 onthreals, mimaging severe pactients lins become g challenging issie hecatse of e
rapich ierease i newly confirmed and seviere cases. With no ready aecess 1o iangnostic tools and witbiont
the <ustainahility of healtheare systems to landle the ontbreak, Bieah b service prowvicders T ditfienley
miaking rapid decisions abont SARS-Clov-2 transmission vate. Aid the COVID-19 paticleric, healtl
cave prowiders have observed aninereasing nmber of patients who deliy or skip PrEVEntive screenings
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Optimal control for co-infection with COVID-19-Associated Pulmonary
Aspergillosis in ICU patients with environmental contamination
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Abstract: In this paper, we propose a mathematical model for COVID-19-Associated Pulmonary As-
pergillosis (CAPA) co-infection, that enables the study of relationship between prevention and treat-
ment. The next generation matrix is employed to find the reproduction number. We enhanced the
co-infection model by incorporating time-dependent controls as interventions based on Pontryagin’s
maximum principle in obtaining the necessary conditions for optimal control. Finally, we perform
numerical experiments with different control groups to assess the elimination of infection. In numeri-
cal results, transmission prevention control, treatment controls, and environmental disinfection control
provide the best chance of preventing the spread of diseases more rapidly than any other combination
of controls.

Keywords: co-infection; CAPA: hospital environment; reproduction number; optimal control

I. Introduction

The world is in the grip of a pandemic triggered by SARS-CoV-2, which hus infected more than
24 million people with a mortality rate exceeding 3 percent. There weren’t many reports of super
ifections during the carly stages of the current pandemic, but now they seem 1o be occurring more
frequently, specifically secondary fungal diseases [1]. Patients with COVID-19 have been diagnosed
with viral, bacterial, and fungal co-infections. Early detection of these co-infections is crucial to im-
plementing an effective antimicrobial regime [2]. COVID-19 patients have sullered from several tatal
complications, Invasive pulmonary aspergillosis (IPA) was associated with a poor prognosis, particu-
larly among those experiencing acute respiratory distress syndrome (ARDS) in intensive care units [3].

According to reports, 19 1o 35 percent of COVID-19 patients have co-infection with Aspergillus. As
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Abstract: This paper develops a fractional-order model of COVID- 19 with vaccination. The model
is well designed by including both the efficacy and inefficacy of vaccinations in humans. Besides
caleulating the reproduction number, equilibrium points and the feasibility region are also determined
Stability analysis for the proposed model around equilibrium points is discussed. Fixed-point theory
is employed to identify the singularity of the solution. Adomian decomposition and Laplace integral
transformation are combined to obtain the solution. We present the solutions graphically to analyze
the contributions of the disease dynamics based on different values of the fractional order. This study
secks an in-depth understanding of COVID-19 transmission to improve health outcomes.

Keywords: COVID-19; reproduction number; fractional mathematical model; fixed point
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1. Introduction

The World Health Organization issued a public health emergency of international
concern on 30 January 2020 and a pandemic alert in March 2020 in response to the rapid
and extensive spread of Coronavirus Disease 2019, Initially, the disease turned out to be
an epidemic in mainland China first hitting Wuhan, in the province of Hubei [!]. India
had the second-highest confirmed cases in the world. The direct transmission of SARS-
CoV-2 was conclusively proven by clinical evidence in January 2020 [2]. Four consecutive
lockdowns came into effect in India as a preventive measure. In the absence of vaccines,
social distancing serves as the best control measure against COVID-19 [3].

As a part of the vaccination program, India has established a NEGVAC (National
Expert Group on Vaccine Administration for COVID-19) committe
for the COVID-19 vaccine administration [#]. There have been Vaccination campaigns
conducted around the world to combat COVID-19. Several types of vaccines are available
for COVID-19 [7]. Furthermore, India has exported 35,793,000 doses of vaccine internation-
ally (commercial exports). Innovative luch.nolugics are tested during the duvulnpmunl of
vaccines to determine if they work. Vaccine dcvelopment, which is dependent on public
approval, determines the effectiveness of the vaccination program based on perception
and beliefs surrounding the vaccine [6]. In addition, a significant portion of the popula-
tion remains uncertain about the vaccine. The perception of the vaccine among people
may change with the advent of awareness programs and the improvement of vaccine
outcomes |7,

€ to develop guidelines

Fractional-order differential cquations are the most effective
logical and engineering systems. Several fractional-order derivativ
models of physical and biological systems [5,9]. There are nume
fractional order, but the main focus is on dealing with the memory dynamics evident in
many biological systems. Differential cquations derived using the fractional derivative

have several applications to analyze various infectious disease transmission dynamics such
as HIV/AIDS, TB, and others [10)].

tool for studying bio-
€8 comprise numerical
Yous motivations to employ
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Abstract

For a-connected graph G = (V, E) of order at least two, a con-
nected restrained monophonic set S of G is a restrained monophonic
set such that the subgraph G[S] induced by S is connected. The min-
imum cardinality of a connected restrained monophonic set of G is
the connected restrained monophonic number of G and is denoted by
mer(G). A connected restrained monophonic set S of G is called a
minimal connected restrained monophonic set if no proper subset of
§ is a connected restrained monophonic set of G. The upper con-
‘nected restrained monophonic number of G, denoted by m, +(G), is
defined as the mazimum cardinality of a minimal connected restrained
monophonic set of G. We determine bounds for it and certain general
properties satisfied by this parameter are studied. It is shown that,
Jor positive integers a,b such that 4 < a < b, there exists a connected
graph G such that me(G) = a and m},(G) = b.

Key Words: restrained monophonic set, restrained monophonic num-
ber, connected restrained monophonic set, connected restrained mono-
phonic number, minimal connected restrained monophonic set.

. AMS Subject Classifidation: 05C12.
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Abstract. For a connected graph G = (V, E) of order at least two,
a subset T of a minimum total outer connected monophonic set
S of G is a forcing total outer connected monophonic subset for
S if § is the unique minimum total puter connected monophonic
set containing T. A forcing total cuter connected monophonic

* subset for'S of minimum cardinality is a minimum forcing total

outer connected monophonic subset of S. The forcing total outer
connected monophonic number fi,,(S) in G is the cardinality
of a minimum forcing total outer connected monophonic subset
of S. The forcing total outer connected monophonic number
of G is fiom(G) = min{fiom(S)}, where the minimum is taken
over all minimum total outer connected monophonic sets S in
G. We determine bounds for it and find the forcing total outer
connected monophonic number of a certain class of graphs. It is
shown that for every pair a,b of positive integers with 0 La<b
and b > a + 4, there exists a connected graph G such that
fiom(G) = a and emyo(G) = b, where cmy,(G) is the total outer
connected monophonic number of a graph.

Keywords: total outer connected inonophonic set, total outer
connected monophonic number, forcing total outer connected
monophonic subset, forcing total outer connected monophonic

number .
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ABSTRACT

For a connected araph G of order at least two, a connected monophonic
set of G Is a monophonic set § such that the subgraph G(S] induced by §
Is connected. The minimum cardinality of a connected monophonic set of
G Is the connected monophonic number of G and Is denoted by m.(G). The
number of extreme vertices and cut-vertices of G Is its extreme-cut order
ec(G). A graph G Is an extreme-cut connected monophonic graph If m(G) =
ec(G). Some Interesting results on the extreme-cut connected monophonic
graphs G are studled, For poslitive Integers r, d and k > 5 with r < d, there
exists an extreme-cut connected monophonic graph G with monophonic
radius r, monophonic diameter d and the connected monophonic num-
ber k. Also If p, d and k are positive Intégers such that 2 < d < k — 3 and
P=d4 k=0, then there exists an extreme-cut connected monophonic
graph G of order p with monophonic dlameter d and m(G) = k.
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1. Introduction

Graph G = (V,E) is a finite undirected connected graph without loops or multiple edges. The
order and size of G are denoted by p and q, respectively. For basic graph theoretic terminol-
ogy we refer to Harary [1,7). A u—v path is an alternating sequence of vertices and edges: u =
VoL €l Vi € Ve e vy = vsuch that vis w1 < i < m) s an edge with all the vertices being dis-
tinct. For any two vertices uand vin G, the distance d(u, v) is the length of a shortest u—v path in G.
An u=v path of length d(u, v) is called u—v geodesic, A maximal connected subgraph of G is called a
component of G, A cut-vertex of a graph is one whose removal inc::unsus the number of components
of G. The neighborhood of a vertex v is the set N(v) consisting of all vertices u which are adjacent
with v. A vertex vis an extreme vertex if the subgraph induced by its neighbors is complete, The num-
ber of extreme vertices and cut-vertices PEG s its extreme-cut order ¢c(G). A vertex v of G is called
an endvertex of G if its degree is 1. A vertex v of G is called a support vertex of G if it is adjacent to
an endvertex of G. The number of extreme vertices and support vertices ol G iy ity extreme-support
orderes(G). .

A chord of a path P is an edge joining two nun-utl)!tccnl vertices of P, A pa.lh P' is called a mono-
phonic path ifitis a chordless path, A set S of vertices of G is a monophonic set of G ifeach vertex vof G
lies on a x—y monophonic path for some x and y in 8, The minimum cardinality of « monophonic set
ol G iw the monophonic number of G and is denoted by m(G). The muuupllumic number of a graph was
studied and discussed in [2-4,8,11,12,14]. A connected monophonic set of G is a monophonic set 8 such

CONTACT K. Ganesamoorthy @ kvgm_2005@yahoo.coln Q Department of Mathematics, Colmbatore Institute of
Tuchnology, Colmbatore 641 014, India
Former Professor

02022 Informa UK Limited, irading as Taylor & Prancis Group



COMMUNICATIONS IN CoMBINATORICS AND Or

TIMIZATION
Vol. 7, No. 2 (2022), pp.211-22¢ i . : . @ CCO
. C

DOI: 10.22049/CC0O:2021.27042.1184 Foulis. God. O

Research Article

s

.

Extreme outer connected monophonic graphs

K. GanesamoorthyT, S. Lakshmi Priya*

Department of Mathematics, Coimbatore Institute of Technology, Coimbatore - 641 014, India
Tlcvgm.20051!3,ra.ht'.u:| .€o.in
: ‘lakshmiuspriya@gmail.com

Received: 9 December 2020; Accepted: 26 July 2021
Publishéd Online: 28 July. 2021

For a connected graph G of order at least two, a set § of vertices in a graph
a monophonic set of G' and

nnected monophonic number

. The number of extreme vertices in G is its extreme
order ex(G). A graph G is said to

Moc(G) = ez(G). Extreme outer

connected monophonic number P and extreme outer connected monophonic graphs of
order p with outer connected monophonic number p — 1 are characterized. It is shown
that for every pair a, b of integers with 0 Sa<band b> 2, there exists a connected
graph G with ez(G) = a and Moc(G) = b. Also, it is shown that for positive integers

Keywords: outer connected monophonic set, outer connected monophonic number,
extreme order, extreme outer connected monophonic graph

AMS Suﬁjecé classification: 05C12

1. Introduction ¢

By a graph G = (V, E) we mean a finite simple undirected connected graph. The
order and size of G are denoted by p and ¢, respectively. For basic graph theoretic
terminology we refer to Harary [5, 15]. The distance d(z,y) between two vertices
z and y in G is the length of a shortest z — ypathin G. Az —y Path of length
d(z,y) is called z — Y geodesic. The removal of a vertex v from a graph G results
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This research communication explains the flow of water/kerosene-based CNTs (carbon nanotubes) over a Riga sheet. The energy
analysis is debated with the availability of radiation, viscous dissipation, and convective heating conditions. Two divisions of
CNTs, like, SWCNTs (single-wall carbon nanotubes) and MWCNTs (multiwall carbon nanotubes), are considered. The
pertinent variables are applied to overhaul the governing mathematical models into ODE expressions. The overhaul
expressions are analytically solved by HAM (homotopy analysis method) and numerically solved by MATLAB bvpdc scheme.
The repercussions of relevant parameters on nanoliquid velocity, nanoliquid temperature, skin friction coefficient, and local
Nusselt number are inspected via graphs, tables, and charts. Our computational results are compared with the previous
researcher results and have the most acceptable agreement. Our outcomes are used to understand the flow attributes, behavior,
and how to predict it for those working in the design of thermal equipment in thermal industry. It is noticed that the
nanoliquid velocity decayed in counter to the unsteady parameter, and it enhances for larger values of Hartmann number. The
nanoliquid temperature enriches when raising the Biot number and radiation parameter. The change in unsteady parameter

decays the surface shear stress, while reverse results are found in the local Nusselt number.

1. Introduction

In recent decades, enhancing the rate of liquid thermal
transport in classical base liquids (engine oil, water,
polymer-based solutions) has been a crucial challenge for
modern researchers and technologists. One approach to
enrich the liquid thermal conductivity is to mix nanometer
size metallic particles (carbides, fullerene, oxides, nitrides,
metals, and carbon nanotubes) with the classical base lig-
uids, Carbon nanotubes are cylindrical format tubes with
precious attributes such as robust thermal conductivity and
enormous energy. These CNTs are segregated into SWCNTs
(single-wall carbon nanotubes) and MWCNTs (multiwall
carbon nanotubes) and are highly used in many industrial
processes, like, drug delivery, nanotube transistors, micro-

wave amplifiers, pancreatic cancer test, and optics. Haq
et al. [1] noted that the higher surface shear stress attains
in engine oil-based CNTs compared to ethylene glycol-
based CNTs in their MHD flow of CNTs over a stretching
surface. The consequences of gasoline oil-based hybrid
CNTs past a curved stretched surface by Muhammad et al.
[2], and noticed that the nanoliquid velocity enhances for
enriching both CNTs volume fractions. Gholinia et al. [3]
proved that the nanoliquid temperature for SWCNTs is
larger than the MWCNTSs for the problem of the 3D flow
of hybrid nanoliquids on a cylinder. They utilize ethylene
glycol, water, and engine oil which are the base fluids. The
3D flow of carbon nanotubes past a variable ticked stretch-
ing surface was employed by Imtiaz et al. [4]. They con-
cluded that the nanoliquid flow improves when increasing
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Abstract: The nature of this prevailing inquisition is to scrutinize the repercussion of MHD mixed con-
vective flow of CNTs/ Al O3 nanofluid in water past a heated stretchy plate with injection/suction,
heat consumption and radiation. The Joule heating and viscous dissipation are included in our
investigation. The Navier-Stokes equations are implemented to frame the governing flow expres-
sions. These flow expressions are non-dimensioned by employing suitable transformations. The
converted flow expressions are computed numerically by applying the MATLAB bvp4c procedure
and analytically by the HAM scheme. The impacts of relevant flow factors on fluid velocity, fluid
temperature, skin friction coefficient, and local Nusselt number are illustrated via graphs, tables
and charts. It is unequivocally shown that the fluid speed declines when escalating the size of the
magnetic field parameter; however, it is enhanced by strengthening the Richardson number. The fluid
warmness shows a rising pattern when enriching the Biot number and heat consumption/generation
parameter. The findings conclusively demonstrate that the surface drag force improves for a larger
scale of Richardson number and is suppressed when heightening the unsteady parameter. In addition,
it is evident from the outcomes that the heat transfer gradient decreases to increase the quantity of
the Eckert number in the convective heating case; however, the opposite nature is obtained in the
convective cooling case. Our numerical results are novel, unique and applied in microfluid devices
such as micro-instruments, sleeve electrodes, nerve growth electrodes, etc.

Keywords: SWCNTs and MWCNTs; HAM; radiation;joule heating; viscous dissipation; suction/
injection

1. Introduction

The fluid thermal conductivity has been used in many scientific and technical sectors,
such as microelectronics, transportation, atomic reactors, heat exchangers, cancer therapy,
etc. The ordinary base fluids such as water, oils, ethylene glycol and kerosene have a
smaller heat transfer phenomenon because of their weaker thermal conductivity. One
of the facile ways to escalate the fluid thermal conductivity is to admix the nanoscale
(1-100 nm) particles named nanoparticles into the ordinary base fluids to improve their
conductivity. Imtiaz et al. [1] proved that the flow speed is enriched for larger values of the
shape parameter and NPVF for the 3D flow of CNTs with the CCHF model. The problem
of stagnation point flow of CNTs past a cylinder was analytically solved by Hayat et al. [2].
It has been proved that the NPVF leads to the development of the skin friction coefficient.
Yacob et al. [3] noticed that the larger size of NPVF generates more heat inside the bound-
ary for the problem of rotating flow of CNTs on a shrinking/stretching surface. The flow

Micromachines 2022, 13, 1424, https: //doi.org /10.3390/mil3091424
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Abstract

This paper presents the results of a study that utilises genetic
algorithms to optimise the scheduling of tests for a core-based system-
on-chip (SoC) system. The research aims at reducing the amount of
time that is required to test a SoC system, as well as ensuring that a
system meets the requirements of the design. The findings show that it
is possible to locate networks that have been carefully tailored to meet
the requirements outlined by the RT packets with relation to latency,
area, and deadline. The results show that the irregular networks with
heterogeneous routers fared much better than the mesh networks when
it comes to performance and compliance with the design requirements.

Keywords:

System-On-Chip, Asynchronous Regression Model, Quality of Service,
Scalability

1. INTRODUCTION

One capacitor, one transistor, and three resistors were all that
were needed to construct the very first integrated circuit ever
created. Integrated circuits (ICs) now have architectures known as
System-on-Chip (SoC). which comprise billions of transistors.
These advancements came about because of breakthroughs in the
technology used to fabricate electronic components. The SoC
consists of more than a million gates, as well as cores, memory,
and both digital and analogue blocks, all of which are packed onto
a single chip.

When designing and manufacturing a large-scale integrated
circuit, one of the most important challenges that must be
surmounted is to find a solution to the issue of temperature
control, as well as the problem of power consumption. Because of
the high switching activities that are inherent to testing, it is
recommended that more time and energy be spent in test mode as
opposed to regular mode [1]. This is because testing requires more
switching activities than normal mode.

Utilising modular testing of embedded cores is one solution to
the testing challenge posed by SoCs. Another solution is to test
embedded cores individually. These cores are complex building
pieces that have previously been established, which makes design
reuse simpler and, therefore, minimises the amount of time that is
required for the development of the product. Nevertheless, the
production tests and the debugging of those designs are the
components of creating SoCs that present the greatest amount of
difficulty [2].

The design of the test architecture is required because of this
to gain access to the test resources and cores. Thanks to modular
testing, SoCs that are outfitted with an Automatic Test Equipment
(ATE) Test Access Mechanism (TAM) and embedded cores can
communicate with external ATE [3].
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Isolating embedded cores is a required step in modular testing,
as is getting access to the individual SoCs that will be utilised for
the transmission of test data to complete the testing procedure.
This method entails the pushing of pre-computed test sets of
embedded cores and is performed as part of a divide and conquer
strategy.

The modular testing process is driven by these fundamental
components [4]. If adequate effort is invested in advance
constructing the test infrastructure and organising the tests
themselves. it is possible to significantly reduce the cost of the
overall testing process. The objective function for this
examination is shown by the Eq.(1) that is presented below.

(W) =[1 + max (5:.5,)].tp; + min(5:.5.) (1)

The equation is solved by entering the output and input lengths
of the scan chain, which are denoted by S, and §;. respectively, as
well as the test pattern, which is denoted by p;.. Presentations of
benchmark circuits for evaluating SoCs [5].

The scheduling of tests is a fundamental component of
system-on-chip (SoC) test automation. A well-thought-out testing
strategy will cut expenses and quicken the rate at which the chip
will be made available to customers [5]. The proposed approaches
offer the additional advantage of lowering test expenses, which is
accomplished by cutting down on the amount of time spent on
testing, which in turn cuts down on the amount of time spent on
testing.

In this article, we discuss regression strategy for scheduling
tests with the intention of cutting down on the amount of time as
well as the amount of money that is necessary.

2. RELATED WORKS

An Undefined Topology Network on Chip (UTNoC) is
described in [6], which may be found here. Each router in this
network can interact with any other topology in the system, and
each topology can communicate with a single processor.
Additionally, each processor can communicate with any other
router in the network. Tables are utilised in the process of routing,
and the values contained in such tables are distributed to various
locations. Every router in the UTNoC network can communicate
with every other router in the topology. Every router in the
network can have a sizable number of ports.

Experiments were performed on the UTNoC network utilising
a simulator constructed with SystemC. to optimise the network
and get results that are comparable to those of the application
graph, the tool makes use of a genetic algorithm to cut ties
between the routers. This allows the tool to accomplish the desired
outcomes. Because of this, the technology can generate findings
that are more precise [7].
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I. INTRODUCTION

The fuzzy set was introduced by Zadeh [23] in 1965. F. Smarandache introduced the idea of the Neutrosophic set. It is a
mathematical method for handling issues involving unreliable, indeterminate and inconsistent details.

A neutrosophic set[20] is proposed by F. Smarandache. The indeterminacy membership function walks along independently
of the membership of the truth or the membership of falsity in neutrosophic sets. Neutrosophic theory has been extensively discussed
in the treatment of real life conditions involving uncertainty by researchers for application purposes.

While the hesitation margin of neutrosophical theory is independent of membership in truth or falsehood, it still
seems more general than intuitionist fuzzy sets. Recently. the relationships between inconsistent intuitionistic fuzzy sets, image
fuzzy sets, neutrosophic sets, and intuitionistic fuzzy sets have been examined in Atanassov et al.[3]: however. it remains doubtful
whether the indeterminacy associated with a particular element exists due to the element's ownership or non-belongingness.
Chatterjee et al.[4] have pointed out this while implementing a more general structure of neutrosophicset viz, quadri partitioned
single valued neutrosophic set (QSVNS). Molodtsov [8] first proposed the idea of Soft Sets as an entirely new mathematical method
to solve problems dealing with uncertainties. A soft set is defined by Molodtsov [8] as a parameterized family of universe set subsets
where each member is regarded as a set of approximate elements of the soft set. In the past few years, different researchers have
researched the foundations of soft set theory.

Ramesh Kumar [16] initiated the idea of quadripartitioned neutrosophic soft sets and its topological spaces. Also he
introduced the concept of pentapartitioned neutrosophic soft sets. Mumtaz Ali [9] introduced the concepts of bipolar neutrosophic
soft sets and its application in decision making. The bipolar neutrosophic set was proposed by Ali et al.

This paper is dedicated to propose bipolar quadripartitioned neutrosophic soft set which is a hybrid structure of soft set and
bipolar quadripartitioned neutrosophic set. Firstly, we introduce the bipolar quadripartitioned neutrosophic soft set and discuss some
basic properties with illustrative examples

II. PRELIMINARIES

2.1 Definition [20]

Let X be a universe. A Neutrosophic set A on X can be defined as follows:
A= {<x,Ty(x), L1(x), Fs(x) >:x € X}
Where T, , 1, F: U = [0,1] and 0 < T,(x) + L,(x) + F, (x) <3
Here T, (x) is the degree of membership, I,(x) is the degree of inderminancy and F4(x) is the degree of non-membership.

2.2 Definition [7]

Let X be a universe. A Quadripartitioned neutrosophic set A with independent neutrosophic components on X is an object of the
form

A= {< X, TA(x)l C}l(x)J UA(x)r FA(I) >XE X}

and 0 < T,(xX)+C,(x)+ U () +F,(x) <4
Here T,(x) is the truth membership, C4(x) is contradiction membership,U, (x) is ignorance membership and F,(x) is the false
membership.
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Abstract

In the present farming scenario, efficiency Iy the greatest concern of researchers with an aim to
investigate the determinants of efficiency levels of farmers, One of the components of efficiency
viz., Technical Efficiency (TE) can be measured using the Stochastic Frontier Model as it
considers Stochastic noise into account. The present study measured the Technical Efficiency
Score (TES) of 180 sample turmeric farms using the Translog Normal Truncated Normal
Stochastic Frontier Model (TNTNSFM). The result using TNTNSKFM showed that the input
manure played a major role in better turmeric production. According to this model, more than
41 percent of the difference between the observed output and frontier output was primarily due
to factors, which were under the control of farmers. The minimum technical efficiency estimated
using TNTNSFM was 80.93 percent while the maximum was 90.42 percent. The mean level of
technical efficiency was 85.23 percent which showed that only 85,23 percent of technical abilities
were realized by sample farmers. Hence, on average 14,77 percent of the technical potentials were
not realized in the case of raising turmeric crops in the northwestern region of Tamil Nadu.
Moreover, the highest number of farms (99) were found in the efficiency class of 85-90 percent
followed by 80-85 percent (80). Only one farm lies in the efficiency score of 90-95 percent. The
correlation coefficient between observed efficiency and technical efficiency using TNTNSFM was
given by r,, =0.544 which was found to be the least among translog stochastic frontier models.

The Chi-square value of TNTNSFM was obtained as 6.3689.

Key ‘Words: Technical efficiency, Stochastic Frontier model, Maximum Likelihood Estimate,
Production Function.

Introduction

The possibility of India being a substantial exporter of agricultura! commodities is very high if India
globalizes its agriculture. However, if this dynamic future for I'ndlan agriculture is to be achieved, a
number of critical requirements must be met. The first and most important is to secure and sustain hi gh
production growth rates. This calls for continuqus improvcmenl ?n productivity. The agricultural
productivity of a production unit, deﬁncc! as the rau'o of its output to I1s input, varies due to differences
in production technology and differences in the 'efﬁcw:ncy of the production process (Mythili, G and K.R.
Shanmugam,2000). The efficiency of a production unit may be defined as h_ow effectively it uses variable
resources for the purpose of profit maximization, given the best producyon technology available. The
concept of efficiency is further divided into two components technical 'cfﬁcicncy and allocative
efficiency. Traditionally, researchers have conceptralcd on th.e study of' alloca}wc cfficiency based on the
assumption that entrepreneurs operate on technical prqdpchon functions with full technical efficiency
(Kalirajan, K.P., 1999). However, in recent literaturc, 1t 1s scen that the above assumption is weak and
several farmers do not realize the full potential of t_echnology ‘due to several factors such as their
managerial skills and differences in the production environment (Seung et al.,2007 ).
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I.INTRODUCTION

In the past few decades, there has been a
significant increase in the applications of
Topology in fields as diverse as Medicine,
Engincering, Economics, Chemistry, Computer
Science, Cosmology. Topology has gained
access to human interventions to make life
easier. In recent years, mathematicians use
topology to model and give solutions to the real
world problems. Many different versions of
generalized closed maps and related topological
propertics were introduced by eminent
Mathematicians.

Stone [1] and Tong [2] defined and investigated
Regular open sets and strong regular open sets
respectively, Cameron [3] introduced and
analyzed the weaker form of regular open sets
called a regular semiopen set. Benchalli et. al.,
[4] defined and studied RW-closed sets.

Many different versions of peneralized closed
maps and related topological properties were
introduced by eminent Mathematicians. Long
and Herrington [5] studied the propertics of
regular closed functions. Malghan [6] were
introduced and studied Generalized closed
mappings. The notion of generalized pre-

closed functions and semi regular weakly
closed maps were introduced and studied by
Noiri et, al., [7] and Wali et. al, [8]

respectively.

Palwak [9] defined and discussed the notion of
rough sets. The idea of nano topological space
was initiated by Lelli’s Thivagar [10] in terms

of lower, upper approximations and its
boundary regions. He applied set valued
ordered information system for attribute

reduction in nutrition modelling. The nano a-
open sets, nano semi-open sets, nano pre-open
sets and nano regular-open sets are also studied
in [10]. Dayana Mary S et.al. [11] introduced
and analyzed nano regular weakly closed set in
nano topological spaces.

P. Sathishmohan et.al [12] introduced and
investigated the properties of nano semi pre-
neighbourhoods. K. Chitrakala et., al., [13]
defined and discussed Some generalization of
neighbourhoods in nano topological spaces.

Lelli's Thivagar [14] introduced and studied a

. Nano closed map in Nano Topological Space.

M. Bhuvaneswari and N. Nagaveni [15] defined
and investigated Nwg-closed map in Nano
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1.Introduction

The concept of nano topology was first introduced by Lellis Thivagar[5] in which
the tenns of approximations and boundary region and equivalence relation of a
stbset are diseussed and defined the nano closed sets, nano interior and nano-
closure in topological space. Fuzzy set was proposed by Zadeh[10] in 1965, it

shows a degree of membership for each member of the set to a subset of it. The
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Abstract. Due to decentralized infrastructure in modern Internet-of-Things (IoT), the tasks should be shared around the
edge devices via network resources and traffic prioritizations, which weaken the information interoperability. To solve this
issue, a Minimized upgrading batch Virtual Machine (VM) Scheduling and Bandwidth Planning (MSBP) was adopted to
reduce the amount of batches needed to complete the system-scale upgrade and allocate the bandwidth for VM migration
matrices. But, the suboptimal use of VM and possible loss of tasks may provide inadequate Resource Allocation (RA).
Hence, this article proposes an MSBP with the Priority-based Task Scheduling (MSBP-PTS) algorithm to allocate the tasks
in a prioritized way and maximize the profit by deciding which request must handle by the edge itself or send to the cloud
server. At first, every incoming request in its nearest fog server is allocated and processed by the priority scheduling unit.
Few requests are reallocated to other fog servers when there is an inadequate resource accessible for providing the request
within its time limit. Then, the request is sent to the cloud if the fog node doesn’t have adequate resources, which reduces the
response time. However, the MSBP is the heuristics solution which is complex and does not ensure the global best solutions.
Therefore, the MSBP-PTS is improved by adopting an Optimization of RA (MSBP-PTS-ORA) algorithm, which utilizes
the Krill Herd (KH) optimization instead of heuristic solutions for RA. The simulation outcomes also demonstrate that the
MSBP-PTS-ORA achieve a sustainable network more effectively than other traditional algorithms.

Keywords: Internet-of-things, edge devices, resource allocation, priority levels, task scheduling, krill herd optimization

1. Introduction semantics, output and standards, the IoT challenges
are extremely flexible [4]. The recent methods and

Internet-of-Things (IoT) is rapidly evolving with concepts must simply be integrated for network
the requirement to link real-time with the web [1, 2]. resources, in particular in harsh mobile scenarios like
These systems typically include sensor and edge node vehicle communications and in smart environments
layers. More sensors in a sensor layer are expected such as cities, homes and industries that support
to exceed 50 billion in the upcoming centuries with seamless connectivity between different accessing
a large majority of sensors having specific func- technologies [5]. The growth of IoT systems and
tionalities and so data interoperability is challenging services cannot achieve a global level in several
[3]. In terms of scalability, energy conservation, industrial sectors without globally recognized and
knowledge, transmission, integration, dependability, interoperable standards. A single middleware sen-

sor is frequently needed to handle a huge amount of

*Corresponding author. K.N. Apinaya Prethi, Assistant Profes- mformatl.on fr.om VarIOI..lS dat?’ sources [6, 7]'_ Recent
sor, Kumaraguru College of Technology, Coimbatore. E-mail: IoT specifications provide middleware solutions for
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data fusion, scalability and interoperability to serve
all-IP-based transmissions [8, 9].

Since IoT technologies are complex and diverse,
a single interoperability solution can be inadequate
and integration is essential. To resolve the new
challenges, interoperability of IoT technologies will
always be a complex theme [10]. This can be done
by enhanced embedded intelligence and virtualiza-
tion with cognitive abilities. But, several problems
can be overcome such as cost, scalability, resource use
and how resources can be distributed more efficiently
with network sustainability [11]. Virtualization offers
a cost-effective solution to this challenge. The data
obtained by multiple sensors is virtualized and trans-
mitted into the VM by the same system. Each
edge device on the edge device layer copes with
neighboring VMs in which computing abilities for
sensor information from the sensing region are
encapsulated for alleviating an additional price and
latency for migrating VMs to the remote cloud [12].
Additionally, edge devices can also schedule local
VMs dynamically by consulting with other edge
devices.

Various resource distribution techniques were sug-
gested in earlier days to address the VM planning
for improving the sustainability and performance
of the network’s edge devices [13]. To recycle the
edge devices in IoT networks, a sustainable strategy
[14] was suggested. At first, the minimum upgrad-
ing batch VM allocation challenge was described
such as NP-hard evidence, probability state sugges-
tion and minor limit testing. Then, the MSBP was
designed. Initially, a greedy strategy was applied to
reduce the amount of batches needed to complete the
network-level upgrading. Then, the VM migration
matrix per batch was obtained. Also, two strategies
such as Shortest Trajectory First (STF) and Least
Bandwidth Utilization First (LBUF) were applied to
allocate the trajectories and bandwidth for VM migra-
tion matrices. In STF, the minimum space relocation
path was found along the optimal links which con-
tain high accessible remaining bandwidth. Also, the
transmit energy was determined for the edge devices
for forwarding the sensed information. However, the
suboptimal use of VM and possible loss of tasks may
provide inadequate resource distribution.

Hence in this research article, an MSBP-PTS algo-
rithm is proposed with MSBP to assign the tasks in a
prioritized manner and achieve the maximum profit.
The main aim of this MSBP-PTS is to decide which
request should handle by the edge itself or forward
to the cloud server. This algorithm consists of two

phases depending on the network structure where a
fog layer is employed between the end-users and the
cloud server. Initially, each inward request in its clos-
est fog server is assigned and each request within the
fog server is placed in a suitable priority queue fol-
lowed by the priority scheduling unit. Then, every
request in the priority queues within a fog server is
processed and few requests are reassigned to other
fog servers while there is inadequate resource acces-
sible for serving the request within its time limit. At
last, the incoming task is transmitted to the server at
center while the edge layer doesn’t contain adequate
resources for providing the request. Based on this
algorithm, the response time is reduced when the con-
siderable cost is also decreased. A larger throughput
decreases the average response period and the overall
price because of its ability to efficiently prioritize jobs
based on their latency acceptance ranges. But, the
MSBP is the heuristics solution that does not ensure
the global optimal solutions efficiently and is also
very expensive. As a result, the MSBP-PTS-ORA
algorithm is proposed in which the KH optimization
algorithm is applied instead of using heuristic solu-
tions.to optimize the resource allocation effectively.
In this algorithm, the NP-hard problem is solved by
using the KH algorithm. Each member of the KH
will make their contribution to the transition activity,
based on their fitness. It is based on krill behavior.
Because of the krill’s total fitness, it is possible to pick
the appropriate global assessment of its food center.
Foraging behavior and randomized diffusion are used
to calculate a krill’s position over time. Based on the
best global solution, the NP-hard problem is solved
that minimizes the batch size when maintaining the
provision stability via VM migration. As a result, the
major contributions of this study are:

e First, the MSBP-PTS algorithm is proposed with
MSBP to determine which task request must
handle by the edge itself or transmit to the cloud
server. In this algorithm, the tasks are allocated
in a prioritized manner and the maximum profit
is achieved.

e Additionally, the ORA algorithm is introduced
based on the KH optimization scheme rather
than applying heuristic solutions for assigning
the optimal resources during VM migration.
Thus, optimality of MSBP is ensured and the
network sustainability is effectively improved by
this algorithm.

o Further, the extensive outcomes illustrate that
the MSBP-PTS-ORA accomplishes a better
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efficiency during VM migration compared to the
MSBP and other standard algorithms.

Following are the arrangements for the remaining
manuscript: The relevant works are discussed in Sec-
tion 2. The presented algorithm is stated in Chapter
3, and its simulation results are shown in Section 4.
The complete study is covered in Section 5 along with
suggestions for improvement.

2. Literature survey

For mobile edge computing, a dynamic resource
and computational offloading paradigm [15] with
privacy protection were suggested. For multiuser set-
tings, the computing and radio resources were first
evaluated together to ensure effective resource shar-
ing. In addition, the AES encryption method was used
to safeguard confidential information from hackers.
A unified framework has been created to reduce the
overall system’s time and energy usage. Finally, a
compute offloading technique with comprehensive
procedures was created for mobile subscribers.

A new bio-inspired hybrid algorithm (NBIHA)
was created by Hina et al. (2019) by fusing cus-
tomized particle swarm optimization and cat swarm
optimization (MCSO). Particle swarm optimization
was applied to allocation of resources, and cat swarm
optimization was applied to managing resources
[16]. Zubair et al. (2021), edge computing defines
dynamic and priority-dependent resource allocation.
The A-PBRA dynamic resource allocation system
presented enables efficient resource utilisation within
the EC paradigm. After an incoming request has
been classified as either usual or prioritised, there are
three possible outcomes. The accessible resources are
therefore distributed in line with the priority of the
user requests in order to stay within the limits [17].

The MORA [18] polynomial time technique
enables the network administrator to maximise
its profitability, which can be enhanced user
Quality-of-Experience (QoE), inter-domain conges-
tion reductions, or other pertinent metrics. As a result
of this technique, services may adapt to the network
operator’s resources and rely on the cloud for addi-
tional computing. Micro-service architecture, which
breaks down a particular service into a series of pieces
that MORA places in multiple computing nodes of
the edge, was also well-suited, and multi-dimensional
resources were efficiently managed.

For the data-driven, deep reinforcement learning-
based scheduling for edge-cloud situations, an
architectural network paradigm [19] was designed.
For scheduling in distributed deployments, a gen-
eral asynchronous training technique was intended.
Then, a chaotic dynamic scheduling strategy using
policy gradient-based reinforcement learning is pre-
sented. A fog-enabled structure [20] was presented
to handle the task scheduling requests and achieve
the best outcomes. Then, the task scheduling issue
was formulated as an Integer Linear Program-
ming (ILP) optimization scheme according to the
time and fog power usage. This was resolved by
the Opposition-based Chaotic Whale Optimization
Algorithm (OppoCWOA) on time.

For fog-cloud resources in a nonprofit computing
system; a joint Quality-of-Service (QoS)-aware and
cost-effective job scheduling method [21] has been
developed. This algorithm’s primary objective was
to reduce the cost of computation, communication,
and delay violations for Internet of Things requests.
In a cloud services, a meta-heuristic model called
MDVMA [22] has been introduced for dynamic
VM assignment with optimum work scheduling. The
Non-dominated Sorting Genetic Technique (NSGA)-
IT algorithm was used to optimise job scheduling
while lowering power consumption, makepan, and
cost concurrently to achieve trade-offs with the
providers of cloud services in accordance with their
requests.

The Cloud-based Object Tracking and Behavior
Identification System (COTBIS) [23] has been devel-
oped, which includes the edge computing ability at
the gateway level. Initially, each unnecessary frame in
the edge level was filtered and the significant frames
were sent to the cloud to minimize the bandwidth
needed for data transfer. Then, robust object identifi-
cation and fall recognition schemes were conducted
in the cloud data center based on the background sub-
traction and deep learning models, which reduce the
response period.

In the cloud-fog paradigm, a semi-adaptive real-
time task scheduling technique [24] has been
introduced to express job scheduling as a possible
combination optimization method. To find various
combinations for incoming tasks at all scheduling
cycles, a customized genetic algorithm was used. Fol-
lowing that, the jobs were assigned to the VM based
on the best permutation. A hungarian algorithm-
based pair-based job scheduling method [25] for the
cloud computing environment. An uneven number of
tasks and workloads were taken into account in this
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Table 1
Summary of various algorithms for task and resource allocation in edge-cloud environment

Ref. No.  Algorithm Achievements Limitations

[15] Dynamic resource and It chooses a few computation tasks to While offloading computing tasks in low-bandwidth
computational offload when neglecting others mode, the amount of information was large.
offloading paradigm optimally so that the total overhead of
with AES encryption the network was reduced.

[16] NBIHA It obtains better scheduling efficiency. The computational complexity was considerable and
an optimal distribution of resources was not
thought about.

[17] A-PBRA Ability to manage a greater volume of Requests can be furthermore prioritized.

incoming jobs while also maximising
the use of the edge node’s limited
resources.

[18] MORA It highly improves the utility. It requires further improvement by considering the
appropriate resources and utility forecasting

[19] A policy gradient-based It was a preferable option for dynamic It needs fixed resources for new tasks in real-time
deep reinforcement scheduling tasks in unpredictable scenarios.
learning-based circumstances since it has a small
scheduling scheduling overhead.

[20] OppoCWOA-based task It achieves time-energy-efficient task Tt did not consider the scenario, where task execution
scheduling scheduling. was unsuccessful on the fog node because of the

CPU destruction. Also, it did not consider the task
migration between fog/cloud nodes.

[21] Joint QoS-aware and It enhances the deadline satisfaction task ~ When increasing the number of volunteer
cost-efficient task rates and reduces the overall cost of computing systems, the power usage by their
scheduling algorithm task scheduling. computing resources also increased, which results

in a considerable effect on the system cost.

[22] MDVMA It was a workable and beneficial way to It did not consider the response time and network
achieve optimal task scheduling while latency, which also need to increase the efficiency
consuming less time, energy, and of task scheduling.
money.

[23] COTBIS It minimizes the network bandwidth and It cannot balance the real-time tasks among edge
response time. devices.

[24] Semi-adaptive real-time It improves the trade-off between the It has a high elapsed run time while increasing the

task scheduling scheme overall execution cost and the ease of number of tasks. Also, the resources of the VM
implementation and lowers the job situated in the fog node were assumed to be
failure rate. restricted compared to the VMs situated in the

cloud nodes.

[25] Pair-based task It can be used to decrease idle time and It did not validate using a large number of tasks and

scheduling algorithm

arrange the jobs efficiently.

clouds. Also, the dynamism of CPU and network
usage was not considered. The network delay
between the clients/tasks was not flexible.

algorithm, along with task matching to generate the
scheduling solution.

Table 1 summarizes the above-studied algorithms
in the edge-cloud paradigm for task scheduling and
RA according to their achievements and limitations.

2.1. Research gap

From literature, it is observed that various kinds
of task scheduling and RA algorithms have been sug-
gested for edge-cloud computing paradigm. But, each
algorithm has its specific limitations, which needs to
solve by developing advanced algorithms. Also, the
resource sharing was not satisfactory for suboptimal
utilization of VM and possible loss of tasks. So, this
article focuses on solving these problems by consid-

ering the priorities of the tasks and optimal resources
during VM migration.

3. Proposed methodology

In this section, the MSBP-PTS and MSBP-PTS-
ORA algorithms are explained in detail. Mainly,
virtualized server is the major unit of resource dis-
tribution that increases the total response period and
the rate of network utilization.

3.1. MSBP with priority-based task scheduling
3.1.1. Design model

This takes into consideration a cloud-fog environ-
ment that consists of cloud, fog, and consumer layers.
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Fig. 1. Structure of resource distribution in fog and cloud layer.

The procedure is carried out on the fog layer, which
initially checks whether the associated energy in fog
nodes can meet customer needs. The demand is sent
to the central cloud if there are no available resources
that are sufficient. The fog node algorithm then per-
forms each customer’s requests and executes them in
accordance with their priority levels.

Figure 1 illustrates the considered fog-cloud struc-
ture, which describes the following:

e The upper level is the cloud level, which encom-
passes the cloud data centers.

e The mid-level is the fog level, which comprises
more fog nodes, or fog servers with micro data
centers and VMs. In all fog servers, the resources
such as processors and VMs are controlled by the
fog server manager.

e The lower level is the user level, in which all
users transmit requests to their adjacent fog
server.

e By accepting the user request, the fog server
manager implements the below processes:

1. The request is dismissed if it cannot be
completed before the deadline.

2. Or else, the fog server manager chooses
the priority queue for the request based
on its priority, timeframe and accessible
resources.

e The requests in the priority queues are handled
by the fog server manager in the prioritization
order. For all requests:

1. When each resource needed by the request
is accessible on the allocated fog server,

the request is processed and the outcome
is transmitted to the user.

2. When the resources needed are fulfilled
by the edge layer, the request (which is
divided into sub-tasks) is transmitted to
single or multiple residual fog servers in
the fog layer.

3. The request is sent to the central cloud for
execution if there are no suitable resources
available in the fog layer.

3.1.2. Queuing and priority model

User requests may have several deadlines that
need to be met for the work to be finished on time.
Accordingly, the fog layer implements the priority
scheduling method. Assumptions of this algorithm
are the following:

e There are three priority levels (queues): high,
average and low.

e The provision period of all requests from the
customer i i.e., (req;) is computed as:

delayiT = DL,»T — Cl-T (D

InEq. (1), delayiT is the extreme tolerable time
of req;, C lT is the current time and DLiT is the
time limit provided by regq;.

The estimated overall provision period (ST7,)
needed by each job in the 3 priority queues is
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computed as:

Y
STS, = STy )
i=1
Where
Y= |0ul+10ul+10LI 3

Here, ST, indicates the estimated provision
period needed by reg;, Oy, Qm and Q) are high,
medium and low priority queues, respectively. In
accordance with the request’s latency and priority
type, it is placed in any queue. The overall period
req; used in the fog layer is given by,

Wi = W2 + “)

In Eq. (4), WiQ refers to req; used in the queue and
w; refers to the overall provision period consumed
by req;. The greatest latency (delay] ), a request is
permitted in the specific SLA. To achieve this QoS
necessity for regq;,

W; < delayiT (®)]

3.1.3. Priority assignment module

This module has two main phases. The first phase
allocates each incoming request to its nearby fog
server and locates the request in a proper priority
queue within the fog server. In this phase, once the
incoming request is allocated to the nearby fog server,
its greatest accepted latency is computed by Eq. (1).

After that, it verifies if all the resources i.e., the
total amount of processors accessible at the fog layer
could achieve the greatest accepted latency. Or else,
the request is discarded directly. Else, the request is
located in one of the priority queues.

The second phase executes the requests in the fog
server through the priority queues depending on their
priority. Then, the request is provided at the present
fog server, if the fog server contains the adequate
resource to fulfill the request’s delay time and reach
its time limit using Eq. (5). Otherwise, the request
is reallocated to the other fog server via implement-
ing the first phase on the fresh fog server; when the
demanded job is huge and requires a high amount of
resources, the job is split into sub-jobs and allocated
to various fog servers. At last, if there is inadequate
resource accessible in the whole fog layer, then the
demand is transmitted to the central server.

Pseudocode for Prioritized Task Scheduling

Step 1: Allocate all requests in the fog server and
in a priority queue

For all requests do

Each request is broadcasted to the nearby fog
server;

Calculate delay for each request using Eq. (1);

if ((STTFT" + STes,,l) > delayf)/*Verify dead-
line*/ //C: number of fog servers

The request is rejected;

else if [*Initial effort for providing infog layer*/

/*Locate in a priority queue by the priority
scheduling unit */

(Pri) = Priority (delayiT, STL);

if (Pri == High)

Locate request in Qg;

else i f (Pri == Medium)

Locate request in Q

elseif (Pri == Low)

Locate request in Qp;

Step 2: Process request in fog server or in cloud

For all high, medium and low requests do
/*Requests served based on priority levels

while (Qx #+ 0)

For all requests in Q do

i f (adequateresourcesincurrentfogserver)
/*Eq. (5) remains™/

Provide the request in the present fog server;

else i f (adequateresourcesinfoglayer)

Assign resources from the remaining fog server,
following Step 1, split tasks into sub-jobs if required;

else /*no adequate resource in fog group™/

Transmit the request to the cloud;

Thus, the total response time is reduced when
decreasing the considerable rate. Since this algorithm
can prioritize the jobs based on their latency accep-
tance and priority levels resulting in greater efficiency
and lesser mean response time. As the MSBP is the
heuristic solution; it requires knowledge and experi-
ence to apply the heuristics effectively and it does not
guarantee the global optimal solutions. As a result,
optimized resource allocation is proposed by using
the KH optimization algorithm.

3.2. MSBP-PTS with optimized resource
allocation using KH optimization

In PLAOR, In this algorithm, the NP-hard problem
i.e., least batch VM scheduling is solved by optimiz-
ing the VMs resource demand which enables the KH
often reach the best rate, hence providing the least
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amount of batches. As with krill, each KH member
contributes to the movement process based on their
fitness. Because of the krill’s total fitness, it is possi-
ble to identify the best global assessment of its food
center. Foraging behavior and random dispersion are
used to calculate the krill’s time-dependent position.
The KH approach searches the solution space using
a d-dimensional Lagrangian notion.

dD;
dt

In Eq. (6), MI; is the krill’s motion stimulation,
FA; is the foraging motion and RF; is the random
diffusion. Various parameters are initialized such as
highest iteration (max ), greatest stimulated veloc-
ity (maxjs), greatest diffusion velocity (maxps),
maximum foraging speed (maxfrs), amount of krill
(Nbr), location of krill (D) and amount of resources
(Nbrg). The amount of resources considered is equiv-
alent to the amount of krill. Once the process is
initiated, it creates the location of resources randomly.
For each location of current resources, the fitness of
each krill is determined.

1) Krill Individual Movement Induction: The
motion is caused by the krill’s effort to retain
a greater population. The movement owing to
other krill individuals is determined as:

= MI; + FA; + RF; ©6)

MI'®Y = maxs8; + wnbrMIl-”ld (7

In Eq. (7), wppr € [0, 1] is the inertia weight with
the movement stimulated and M Ii"ld is the last motion
induced.

8; = slocal gl ®)

Here, 85”6‘” is the neighbor’s local effect and com-
puted as:

Nbr,,
slocal — Z K ;D 9
j=1
Where
. D;—D;
Djj=q—"—m— (10)
||Dj — Di|| +1
N Ki—K;
Ki ;= : (11)

Kuworst — Kbpest

In Eq. (11), Kpest and Ky are the most excellent
and the most unpleasant krill rates, accordingly, K; is
the fitness of i krill, K ;s the fitness of ;7™ neighbor,
t is a diminutive optimistic integer and Nbr,, is the

number of neighbors. The sensing distance for each
krill is computed as:

Nbr
. 1
distyj = s ; ID; — DIl (12)

In Eq. (12), D; and D are the related location of
i™ and j™ krill. When the space between D; and D
is smaller than the definite observing space, D; is an
adjacent of D;. The effect of target direction Sﬁarget is
obtained using the most excellent krill as:
8{arget = Abestf(i,best bi,best (13)

i

In Eq. (13), Apes: is the krill’s valuable coefficient
with the most excellent fitness to i krill and deter-
mined as:

I,
Apest =2 | r+ (14)
max pm
In Eq. (14), r € [0, 1] is the random value and I,
denotes the actual iteration number.

2) Mobility because of Foraging Motion: It is rep-
resented depending on the food position and
prior knowledge regarding the food position as
follows:

FA; = maxpse; + wFSFA?ld (15)

In Eq. (15), wrs € [0, 1] is the inertia weight of
foraging activity and £ is i krill’s most excellent
fitness until now.

gr = &l 4 ebest (16)
The food attractiveness sif ood is determined as:
d od ~
5,'f00 = A'fOOdKi,foodDi,food a7
In Eq. (17), A7°°¢ is the food coefficient and deter-
mined by
food Iq
A =2(1-— (18)
maxim

The effect of the best fitness of i krill is deter-
mined as:

best & .
&7 = Ki ibest Di.ibest (19)

In Eq. (19), K ipess and D; jpes; is i krill’s earlier
stayed most excellent fitness and location, accord-
ingly. Then, the food center is computed for each
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iteration as:

Nbr 1
>iml EDi
ZNbr 1

i=1 K;

3) Physical Dispersion: Itis represented regarding
dispersion velocity and an arbitrary directional
vector as:

Dfood = (20)

RF; = maxps <1 _ > B 1)

maxim
Where 8 € [—1, 1] is the random directional vec-
tor.

4) Updating Position: The location of krill is
updated for a different amount of resources.
Further, the efficiency of the KH algorithm
is improved by combining the crossover and
mutation processes.

3.2.1. Crossover
Consider d; ¢ be the sth component of D; and deter-
mined by the following equation:

d dt,m’ Tim < Co 2
YT dim,  else (22)

In Eq. (22), Cy is the crossover probability which
is equal to O.ZIA(,‘,,-;,eS,.

3.2.2. Mutation

dim, Or else
(23)
In Eq. (23), M is the mutation probability which
is equal to 2% A krill’s location vector during a

ngest,m"f‘ > P (dp,m - dq,m) s Tim < M
di,m =

i,ibest
period [tm, tm + Atm] is computed based on various
parameters of the movement as:

D; (tm + Atm) = D; (tm) + Atm

dD; (24)
dt

The optimal resources linked to the overall best
krill are chosen after the process has proceeded
through the maximum number of iterations. In order
to effectively solve NP-hard server aggregation or
VM migration challenges, the resource allocation of
the fog servers (edge devices) is optimized.

Pseudocode for KH-based Optimized Resource
Allocation
Input: Number of resources, fog servers and VMs;
Output: Most optimal resources
Initialize max;,, maxjs, maxpgs, maxgs, Nbr, D and
Nbrpg;
Generate the location of resources randomly;
Compute the fitness of the current resource according
to its location,;
while (1, > maxpy,)
Order the krill inhabitants from the most excellent to
most unpleasant;
For every krill individual do
Compute the motion induced by other krills using
Eqgns. (7)—(14);
Compute foraging motion using Eqns. (15)—(20);
Evaluate the physical diffusion motion using Eqns.
(21);
Apply crossover probability and mutation probabil-
ity;
Update location for each krill using (22)—(24);
Evaluate each krill according to its new location;
Order the krill inhabitants from the most excellent to
most unpleasant;
Discover the present most excellent krill individual;
end while

Select the optimal resources associated with the

overall best krill;

4. Simulation results

This part simulates the performance of the
MSBP-PTS and MSBP-PTS-ORA algorithms using
the standard EdgeCloudSim v4.0 and compares
their effectiveness with the existing algorithms
(e.g., MSBP [14], MORA [18], OppoCWOA [20],
MDVMA [22] and COTBIS [23]).

The comparative analysis is prepared in terms of
batch sizes, network sustainability range, rate of relo-
cated VMs, overall response time and total cost.

4.1. Simulation setup

In this simulation, the actual 16 fog nodes and 27
edge nodes are used as the trial IoT system struc-
ture wherein all nodes are nearby deployed with an
edge devicei.e., 16 fog servers. Also, the VM migra-
tions are enabled by the optical connection. The edge
device is set with the integrated processing ability
determined as the number of resource elements. At
first, there are n VMs functioning over the network.
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Table 2
Edge cloud-sim parameters

Entity type Parameters Range
Tasks cloudlets Task length 1-1500

Number of tasks 150

Priority of the tasks Low, medium and high
VM Number of VMs 35

MIPS 500-2000

VM memory (RAM) 256-2048MB

Bandwidth 500Mbps—1000Gbps

Cloudlet scheduler Space shared and time shared

Number of PEs requirement
Number of datacenter

Data center
Number of host
VM scheduler

14

10

2-5

Space shared and time shared

The specifications utilised in the Edge Cloud-Sim are
listed in Table 2.

These parameters can be assigned based on the
configurations of the system utilized for experi-
ments, i.e. the experiments are conducted on a system
equipped with Intel ® Core ™ i5-4210 CPU @
2.80 GHz, 4GB RAM, 1TB HDD under Windows 10
64-bit operating system. Also, such parameters are
adjusted during multiple experiments and the best set
of parameters is identified while achieving maximum
network efficiency.

4.2. Number of batches

Figure 2 illustrates the number of batches obtained
for various task scheduling and RA algorithms under
a varying amount of computing capacity per edge
device in the edge-cloud paradigm. From this analy-
sis, itis observed that the MSBP-PTS-ORA algorithm
has reduced the number of batches compared to the
MSBP-PTS and MSBP algorithms due to schedul-
ing the tasks and optimizing the resources effectively.
When the computing capacity per edge device is
150, the number of batches for the MSBP-PTS-ORA
algorithm is 42.86% less than the MORA, 36.84%
less than the OppoCWOA, 33.33% less than the
MDVMA, 29.41% less than the COTBIS, 25% less
than the MSBP-PTS and 14.29% less than the MSBP
algorithms. This is because of optimizing both tasks
and resources during VM migration.

4.3. Network sustainability level

Figure 3 depicts as the network sustainability level
accomplished by the different task scheduling and
RA under varying amount of computing capacity
per edge device. From this analysis, it is noticed
that the MSBP-PTS-ORA algorithm has an increased
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Fig. 2. Number of batches vs. computing capacity per edge device.

level of network sustainability than all other exist-
ing algorithms because of reducing the frequent
VMs migration by scheduling tasks and optimiz-
ing the resources. For example, when the computing
capacity per edge device is 150, the network sus-
tainability level of the MSBP-PTS-ORA algorithm is
54.55% higher than the MORA, 41.67% higher than
the OppoCWOA, 32.81% higher than the MDVMA,
23.19% higher than the COTBIS, 18.06% higher than
the MSBP and 6.25% higher than the MSBP-PTS
algorithms.

4.4. Percentage of migrated VMs

Figure 4 illustrates the percentage of migrated
VMs for various task scheduling and RA under
a varying amount of computing capacity per edge
device. From this analysis, found that the MSBP-
PTS-ORA algorithm has the lowest percentage of
migrated VMs compared to the other algorithms
which indicate the MSBP-PTS-ORA reduces the fre-
quent migration of VMs and total computing resource
requirement of VMs. For example, when the comput-
ing capacity per edge device is 150, the percentage
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of migrated VMs of the MSBP-PTS-ORA “algo-
rithm is 47.62% less than the MORA, 45% less than
the OppoCWOA, 42.11% less than the MDVMA,
35.29% less than the COTBIS, 26.67% less than the
MSBP and 15.38% less than the MSBP-PTS algo-
rithms.

4.5. Overall response time

Figure 5 illustrates the overall mean response
period of various task scheduling and RA algorithms.
From this analysis, it is observed that the MSBP-PTS-
ORA algorithm has minimized overall mean response
time associated to the other algorithms due to the
prioritized task scheduling and optimal resource dis-
tribution during VM migration. The overall mean
response time of the MSBP-PTS-ORA algorithm is
24.06% reduced than the MORA, 21.62% reduced
than the OppoCWOA, 18.36% reduced than the
MDVMA, 14.8% reduced than the COTBIS, 10.55%
reduced than the MSBP and 5.06% reduced than the
MSBP-PTS algorithms.
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Fig. 5. Comparison of overall average response period.
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4.6. Total cost

The overall cost of fog and cloud servers comprises
the processor rate, queue storage, VM memory and
system bandwidth.

Figure 6 illustrates the total cost of various task
scheduling and RA algorithms. From this analysis,
it is noticed that the MSBP-PTS-ORA algorithm has
a minimum total cost than the other algorithms due
to the minimization of VM migrations efficiently.
The total cost of the MSBP-PTS-ORA algorithm is
62.86% less than the MORA, 58.73% less than the
OppoCWOA, 54.39% less than the MDVMA, 50%
less than the COTBIS, 45.83% less than the MSBP
and 16.13% less than the MSBP-PTS algorithms.

The MSBP-PTS-ORA is a realistic and effective
approach to achieve optimum task scheduling and
RA with least energy use, ease of implementation,
and cost compared to the other traditional algorithms
used for edge-fog task scheduling and RA, it can be
inferred from these studies and results. This approach
is utilized for use in cloud data centres as well. Addi-
tionally, this MSBP-PTS-ORA can be used as a road
plan for putting real-time applications onto RedRIS,
Amazon EC2, etc.
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5. Conclusion and future work

In this paper, the MSBP-PTS-ORA algorithm was
developed for allocating both tasks and resources
in fog-cloud computing efficiently. All incoming
requests were initially assigned to the nearest fog
server and all requests on the fog server were placed
in the appropriate priority queue. These requests were
then processed and a small number of them were sent
to another fog server if the available resources were
not sufficient to fulfill the request within the allotted
time frame. If the fog layer lacks sufficient resources
to fulfill the request, the request was then sent to the
cloud. Besides, the KH optimization was applied to
allocate the optimal resources during VM migration
by solving the NP-hard problem of RA. So, the batch
sizes were reduced and the network sustainability
was guaranteed while maintaining the provision sta-
bility. At last, the simulation results proved that the
MSBP-PTS-ORA algorithm has 2 batches, 0.4 net-
work sustainability level and 7% of migrated VMs
when the computing capacity per edge device is 200.
Also, the MSBP-PTS-ORA algorithm has an overall
mean response time of 298.3msec and a total cost of
2.6$ compared to the other MSBP algorithms.

But, the convergence and exploration performance
of the KH optimization is not satisfactory when mul-
tiple objectives are considered. Because it causes
Pareto-issue i.e., the tradeoff issue between the total
costs and the network delay. So, future work will
focus on adopting advanced optimization algorithms
to solve the multi-objective optimization problem for
RA.
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In transportation systems based on e-vehicles, the energy demand is met with the integration of renewable energy sources while
maintaining the voltage profile and mitigating the active and reactive power losses. Vehicle-to-grid optimization technique is used
to ensure this integration. Minimum active and reactive power losses are achieved when e-vehicles are integrated with the
renewable energy sources in a hybrid mode. A machine learning framework with nested learning is used to ensure optimal
methodology to trigger vehicular movement and monitoring of the SoC battery level. When the HEV operates, there is a high
possibility for battery degradation, leading to loss of its capacity. To determine the optimal policy, the TD()A) learning
algorithm is incorporated. This algorithm is known to showcase high performance and a high convergence rate in a non-
Markovian environment. The output is simulated to record the readings observed which is aimed at optimizing the total
operation cost and reduction in battery replacement. The results show that for shorter drives, the battery replacement cost is
more and it is optimally possible to increase the battery life by 21% using the proposed work. Similarly, the recordings indicate
that the proposed work shows a significant reduction of about 8%-10% in the operating cost when compared with the RL and
rule-based policy.

1. Introduction

There is a rapid increase in energy demand by consumers
across several applications. The voltage profile has to be
maintained while reducing the energy losses in order to meet
these demands by distribution network operators. Con-
sumers are provided with energy through large distribution

and transmission networks from the centralized energy gen-
eration power plants. Throughout this process, due to distri-
bution and transmission losses, around 35% electricity is
lost. By 2030, the electricity demand is estimated to rise to
900 GW while the environmental pollution may rise to
59% by conventional energy sources that operates towards
meeting this demand [1]. In order to meet the demands of
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the consumers, renewable energy sources (RESs) are
installed close to the load centers.

Along with the distribution and transmission losses,
environmental pollution can also be reduced with appropri-
ate integration [2]. At the consumer end, the green energy
generation sources installed are termed RESs. Microhydro,
wind turbines, solar photovoltaics, and so on are some of
the types of RESs [3]. The system complexity increases with
high losses, random energy consumption profiles, and differ-
ent types of connected sources with the integration of the
RES. Identification of objectives and integrated approaches
are implemented with the integration of the RES. It is crucial
to integrate the backup energy sources to increase the reli-
ability of the RES [4]. e-Vehicles or battery stations can be
considered as a backup energy source. During transporta-
tion, the excess energy from the e-vehicles can be supplied
back to the grid, enabling better payoffs at the consumer
end [5].

When energy storage facilities are not available, the self-
consumption at the generation site increases by 20-40%
with the integration of additional devices as the renewable
generation and load profiles do not coincide with each other
[6]. In Germany, the installation of over 34000 decentralized
solar energy storage systems was carried out in the past three
years. In the domestic fields, new photovoltaic plants are
installed as a routine to enable these applications [7]. During
the past few years, despite the availability of several commer-
cial energy storage devices like supercapacitors, chemical-
hydrogen storage, and batteries, none of these devices has
an efficient tracking and management system. Often, there
is a compromise in the energy device as none of the devices
can meet all the requirements of the customer for any spe-
cific application according to Daniel and Besenhard [8].

The high-power residential storage systems have a high
energy density. When two or more energy storage systems
are combined together, the coupling benefits the applica-
tions as one system complements the other based on the
demand. An overall high efficiency is achieved by the man-
agement system design in such cases. Improper utilization
of the available energy and facilities may result if the renew-
able energy allocation is not optimized. Hybrid energy stor-
age systems (HESS) are formed by pairing two different
storage devices. These devices are paired with each other
and operate on a swap mode. It is primarily used in the
building sector and several other applications. Coupling
HESS with complementary characteristics is beneficial as
the strengths of each device complement the other to opti-
mize the system.

Multiple energy storage systems are interchangeably
operated by the hybrid system thereby benefiting from the
most efficient characteristics of each storage facility. An elec-
tric vehicle installed with photovoltaic components consist-
ing of a vanadium redox flow battery as well as a solar
lead-acid battery is considered as the HESS in this work.
At a smart house premise, the power required to charge
the e-vehicle with the integration of the vanadium redox
flow battery and the solar lead-acid battery via PV installa-
tion is considered to be a commercially mature technology
as it meets the load demand in an optimized manner. Low
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fluctuations are observed when lower grid interactions occur
at a higher self-energy consumption rate at both the energy
storage systems. This energy is termed the upper target. Dur-
ing deep discharges, intolerance and high current character-
istics are observed with short cycle life in the lead-acid
battery systems.

The power and capacity of the battery are independent
of their sizes, making them easy to differentiate. Without
causing any damage to the system, these batteries can per-
form deep discharge while maintaining the cycle durability
of VRB-type batteries. It is possible to operate the battery
in higher power ranges by replacing it with a powerful one
or by increasing the capacity of the storage tanks. However,
when compared to VRB, the lead-acid battery systems have a
considerable efficiency rate, medium energy density, shorter
reaction time, and financially favorable conditions. When
compared to the lead-acid battery systems, the VRB has
lesser efficiency and a higher price and can be called an
immature technology [9]. Some of the key contributions of
this proposed work include the following:

(i) Decrease in the HEV operating cost with respect to
battery replacement and fuel cost

(ii) Optimal methodology to trigger vehicular move-
ment and monitoring of the SoC battery level

(iii) Outer-loop adaptive learning to decrease battery
replacement costs and inner-loop reinforcement
learning to decrease the amount of fuel consumption

2. Literature Survey

In order to reduce the reliance on fossil fuels and adopt
RESs, decentralization of electrical energy generation is a
crucial step [10]. Over the past few years, there has been a
7% increase in wind power and 4% increase in solar PV
globally. There has been a 13% increase in wind energy
and 27% increase in the solar PV-based energy generation
on average in the last five years [11, 12]. RESs depend on
weather constraints and are unpredictable, small in capacity,
and complex. In conventional power systems, several issues
and challenges with respect to high active and reactive power
losses, voltage profile balancing, and network reliability are
caused by these characteristics [13, 14]. Hybrid backup
energy source models and enhanced integration approaches
are used by researchers to analyze the impact of the RES on
the system. Some of the most commonly used energy backup
sources are the battery banks and e-vehicles. They supply
power to the grid during peak and emergency hours and
increase reliability due to their interconnections. The system
reliability is enhanced by researchers by considering battery
banks as backup sources. Very few researchers have paid
attention to using e-vehicles for this purpose. While over-
coming the electric constraints, integration of e-vehicles into
the grid is crucial.

Reliability assessment and the advantages of integration
of the RES are discussed in [15]. Reference [16] discusses
the integration approaches and challenges of distribution
of energy sources and the uncertainty model. For energy
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management, [17] discusses distributed energy resource
optimization using an internet framework. Reference [18]
discusses and analyzes the issues of unbalanced grids and
voltage sag. The case studies with implementation in West-
ern Australia, architecture development and application,
and adaptive schemes for renewable energy source integra-
tion are discussed in [17] for overcoming the issues in the
optimization of the RES. Improving the distribution network
voltage profile, minimization of the utility cost, energy gen-
eration cost, tariff structuring, initial cost, carbon emission,
line loading, real and reactive power losses, and other such
multiple advantages rely on the proper allocation of the
RES. Machine learning, neural network, particle swarm opti-
mization, genetic algorithms, fuzzy logic controller, and
other tools can be used for the optimization of voltage sensi-
tivity analysis, voltage indexing, power loss sensitivity tech-
niques, and other novel methods used for RES integration.
In order to integrate the RES into the grid, the roadmap is
discussed by the authors in [19] whereas the limitations of
integration of the RES into the grid are discussed by the
authors in [20]. Various optimization techniques for the
integration of e-vehicles and the grid are discussed by the
authors of [21]. The reliability of the RES and integrated grid
can be improved largely by identifying an appropriate
vehicle-to-grid optimization approach.

The currently used HESS systems cannot be optimized
with conventional techniques. Several researchers are
exploring and researching the control systems for this rea-
son. The energy flow between the conventional battery and
supercapacitor is managed with rule-based algorithms in
Chatzakis et al. [22]. The threshold values are compared
for parameters like battery output current and load demand
for the application of the respective rule. The lithium-ion
battery and LAB are used for the constitution of the HESS,
which is controlled using the abovementioned techniques.
The results are compared by Piao et al. [23]. When com-
pared to first-order filtering, the rule-based approach termed
“amplitude sharing algorithm” delivers better results. When
the battery and fuel cell or battery and superconducting
magnet are used as power storage systems, the power alloca-
tion is managed efficiently with the help of a fuzzy logic con-
troller as observed in Zhang et al. [24] and Min et al. [25].

Without the need for complex mathematical knowledge,
the most appropriate alternative can be chosen from the set
of rules designed by experts using the rule-based algorithms
to which this control technique belongs. With the increase in
complexity of the system, the difficulty in configuration also
increases [26]. The current technique in Zhang et al. [24]
focuses on the smooth operation of fuel cells rather than
the exploitation of storage systems with high-efficiency oper-
ation ranges. The generalization of the setting and attribu-
tion of a group of rules prior to design the management
techniques for the analyzed HESS is weakened and is not
considered within the scope of this paper. The first-order fil-
tering technique is the commonly used HESS management
technique in the existing literature. A conventional battery
system is used in addition to a supercapacitor or any other
storage system to manage the high power fluctuations
according to this technique [22, 27]. Along with several

parameters, the response time of the two energy storage sys-
tems is considered for designing the linear filtering system.

In the current management system, the design is inde-
pendent of the response time, and hence, the filtering tech-
niques presented by Changhao et al. and Liu et al. [23, 27]
are unsuitable. Shema et al. [28] analyze a HESS project on
the Pellworm island of the North Sea. Cost-efficient and sta-
ble energy supply is achieved by exploiting the redox flow
batteries and lithium-ion batteries used in the storage system
of the renewable energy sources, namely, 300 kWp wind
farm and 700kWp PV park. The optimization approach
can follow the mixed-integer linear programming technique.
The generalization part is not available in the linear pro-
gramming algorithms that are applicable in a simple and
easily comprehensive manner. When global solutions are
claimed, this approach can be avoided. Hybrid techniques
are often preferred in the existing literature as several tech-
niques are combined thereby overcoming several drawbacks.
For example, two neural networks are combined with a low-
pass filter by Xia et al. in [29] to decide the reference power
percentage that must be allocated to each facility. The effi-
ciency behavior is worsened by the excessive on-site genera-
tion or demand energy partitioning between the available
storage devices, making this technique unfavorable. As
explained, unlike the case designed here, low pass filters
are not applied. Chatzakis et al. in [22] conceptualized the
combination of a filtering technique with a rule-based algo-
rithm. However, the requirements mentioned in this topic
cannot be fulfilled by this system.

3. Proposed Architecture

The proposed work is aimed at decreasing the HEV operating
cost with respect to battery replacement and fuel cost. A
machine learning framework with nested learning is used to
ensure optimal methodology to trigger vehicular movement
and monitoring of the SoC battery level. Here, an outer-loop
adaptive learning to decrease battery replacement costs and
inner-loop reinforcement learning to decrease the amount of
fuel consumed are incorporated. In the inner loop reinforce-
ment learning is used because of the following considerations:

(1) The HEV energy management inner loop holds
information on the current fuel consumption, power
demand, and vehicle speed without retaining any
prior information on the vehicle parameters

(2) Different HEV operation modes are required to
change the battery charge level, power demand,
and change in vehicle speed for a driving trip. Based
on the current state, different actions are taken using
a reinforcement learning agent

(3) Instead of decreasing the instantaneous fuel con-
sumption at every time step, the inner-loop HEV
energy management focuses on decreasing the total
amount of fuel consumed during the driving trip.
Similarly, instead of the immediate reward, rein-
forcement learning targets the cumulative return
optimization



For optimal energy management, knowledge on the cur-
rent reward and current state of the system is required, with-
out need for prior information. To decrease fuel usage, SoH
degradation in the battery is taken into consideration along
such that the inner-loop reinforcement learning involves
battery capacity fading. The system works such that the
inner loop acts as an independent HEV energy management
system that automatically decreases the operating cost. To
determine the optimal SoC range, an adaptive learning
methodology is used in the outer loop for several trips.
The SoH battery degradation can be identified by observing
the SoC range. Hence, the outer loop is important in
decreasing battery replacement in the e-vehicle. Moreover,
using prior information about the average speed and trip
length during the driving trip, it is possible to reduce the bat-
tery replacement cost, by the outer loop.

3.1. SoH Estimation. When the HEV operates, there is a high
possibility for battery degradation, leading to loss of its
capacity. In general, a battery is said to reach its life expec-
tancy when its fading level reaches 20%-30%. This can be
expressed as follows:

1 - Qg
Qhl”

Qfade = % 100%, (1)

such that Qg represents the full charge capacity of the bat-
tery and Qgy" is the nominal value of Qgge.
Similarly, the state of charge (SoC) can be expressed

using equation (2) as follows:

SoC = Qoare 100%. (2)

full

On continuous operation, the total capacity fading after
M cycles can be determined using equation (3) as follows:

M
Qfade = Z Qfade,cycle (ﬂ’l ) : (3 )
m=1

It has been observed that the charging/discharging cycle
of the battery holds the same average SoC and same SoC
swing. But, in practical scenarios, it is not possible for the
battery to adhere to a specific charging/discharging cycle
pattern. Hence, a cycle-decoupling methodology which can
be used to determine the pattern of battery charging/dis-
charging is used. Using this technique, it is possible to calcu-
late the total fading capacity of the battery.

3.2. Reinforcement Learning. In the reinforcement learning
environment, “agent” represents the decision maker while
every other thing is known as the “environment.” An
agent-environment interaction is represented in Figure 1
for a sequence of “t” discrete time steps. Here, the state of
the environment is observed for every step “#” such that a
set of possible actions and states is taken into consideration.
After one time step, the outcome of the action taken is given
as a reward while a new state is established in a different
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FIGURE 1: Interaction between the agent and the environment.

TaBLE 1: Key parameters.

Denotation Parameters Rating
L, Distance between wheels and axles 2.5m
A Vehicle frontal area 3.48 m?
M Total vehicle mass 1360 kg
n Total transmission efficiency 98%
R, Wheel radius 0.36m
fe Bearing friction coefficient 0.001
o Total gear ratio 10.0

environment. To incorporate inner-loop reinforcement
learning, the reward for the action taken should be known
to the HEV controller (agent) as it plays a crucial part in
deriving the optimal policy. For an action taken “4” in state

s,” the reward “r” can be evaluated using the following for-
mula:

r= —mf.AT—lU~AQfade’ (4)

such that w represents the battery weight, xx is the length of
the time step, and AQy,4. and w are the battery capacity fad-
ing and fuel consumption rate, respectively. Here, m;.AT
can be determined directly from the fuel consumption while
AQg4. can be determined with the help of SoH estimation
and cannot be determined online. However, since the time
complexity is large, it is safer to derive AQyq4. using an
equivalent cycle method.

Accordingly, it is possible to calculate the SoQ,,, and
50Qqying Values using equation (5) as follows:

S0Qyigh = mtaxSOQ(t),
SoQow = mtinSoQ(t),

SoQyen + SO
SOQan _ thgh . Qlow

>

SOcswing = SOthgh - SOQlow'
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TaBLE 2: Operating cost of the proposed, RL, and rule-based policies.

Trip Distance Proposed (in Rs.) RL (in Rs.) Rule-based (in Rs.)
Gandhipuram to Brookfield Road 3km Rs.4.26 per unit Rs.4.52 per unit Rs.4.64 per unit
Gandhipuram to Sai Baba Colony 2.7km Rs.4.06 per unit Rs.4.36 per unit Rs.4.58 per unit
Gandhipuram to Rs. Puram 2.9km Rs.4.12 per unit Rs.4.46 per unit Rs.4.65 per unit
Saravanampatti to Ganapathy 4km Rs.5.45 per unit Rs.5.69 per unit Rs.5.83 per unit
Saravanampatti to Gandhipuram 8.7 km Rs. 12.64 per unit Rs.14.04 per unit Rs. 15.12 per unit

3.3. TD(A) Learning Algorithm. To determine the optimal
policy, the TD(A) learning algorithm is incorporated. This
algorithm is known to showcase high performance and a
high convergence rate in a non-Markovian environment.
The lambda “A” parameter represents the trace decay
parameter. It lies within the range 0 and 1. Here, for every
state-action pair, the Q value is represented by Q(s, a). The
charge level is represented as “q” and the vehicle speed is
represented as “v” with respect to the state “s.” Similarly,
the action “a” will pick the kth gear ratio and its correspond-

ing “i” current is discharged from the battery. The following
are the steps involved in the TD(A) algorithm:

Step 1. An arbitrary value is assigned for Q(s, a) at the initial
stage.

« _»

Step 2. For every step “t,” an action “a” is chosen based on
the values of Q(s, a).

Step 3. The exploration-exploitation policy is used to avoid
the risk of being caught in an optimal solution. This means
that for the current state, the maximum Q(s, 4) is not chosen
using the action “a”.

Step 4. Based on the action chosen, a new state is identified
and given the reward.

Step 5. According to the reward and state, the values of Q(
s, a) are updated for the various values of (s, a) pairs within
e(s, a). e(s, a) represents the eligibility of every state-action
pair that has been previously used.

Step 6. A new constant A is used which holds a value between
0 and 1.

Step 7. When using the eligibility of the state-action pair, it is
not necessary to update “e” and the Q value for every state
action.

Step 8. Hence, a record of the most recent state-pair action
“M” is recorded while all other pairs are ignored.

4. Result and Discussion

The operation of the electric vehicle is simulated and devel-
oped using vehicle simulator ADVISOR. Table 1 represents
the key parameters that are taken into consideration. In this

work, we have compared the proposed work with the rule-
based policy and reinforcement learning policy.

The output is recorded. Based on the simulation results
observed, the following are the outcomes recorded:

(1) On optimizing the total operation cost, it is seen that
the replacement cost of the battery is significant

(2) The cost of replacing the battery is a significant part
of the total operating cost and is even identified to be
higher than the fuel cost

(3) The RL policy that is in effect will use the rule-based
policy to decrease the fuel consumption. However,
this policy will not take into consideration the cost
of the battery

The results of the observations are tabulated in Table 2
which also shows that for shorter drives, the battery replace-
ment cost is more and it is optimally possible to increase the
battery life using the proposed work.

The reading was taken for several trips across Coimba-
tore, Tamil Nadu, India, and the amount of charge required
for the trips was recorded. The recordings indicate that the
proposed work was able to record a significant reduction
in the operating cost when compared with the RL and
rule-based policy.

5. Conclusions and Future Scope

In this paper, the HEV energy management is outlined as
well as a solution to efficiently manage it through optimiza-
tion of the HEV operating cost with respect to battery
replacement and fuel cost. In this work, the instantaneous
fuel consumption is decreased at every time step, with focus
on reducing the total amount of fuel consumed with inner-
loop HEV energy management. Similarly, instead of the
immediate reward, reinforcement learning targets the camu-
lative return optimization. The proposed work indicates that
for shorter drives, the battery replacement cost is more and
it is optimally possible to increase the battery life by 21%.
The readings observed also show significant reduction of
about 8%-10% in the operating cost when compared with
the RL and rule-based policy.

Data Availability

The data used to support the findings of this study are
included within the article.
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ABSTRACT

Music genre classification is the findamental step involved in building a strong recommendation
system. If music classification has to be carvied out manually, then one has to listen to numerous
songs and then select the genre. This process is not only time-consuming, it is quite a tedious task.
The music industry has seen an excellent flow of latest channels to browse and distribute music.
This doesn't rehurn without drawbacks. With the increase in data, manual curation has become a
difficult task. Audio files have a plethora of features that could be used to make parts of this process
a lot easier. Advancements in technology have made it possible to extract the features of audio
files. However, the most effective way to handle these for various tasks is unknown. This paper
compared the two deep learning models of convolutional neural networks namely Alex-net and
Res-net for the purpose of music genre classification using mel-spectrogram images for training.
These aforementioned models were tested on GTZAN datasets. It was found that the results showed
36.0% accuracy for the res-net model which was outperformed by alex-net with an accuracy of
80.5%.

Keywords: GTZAN Dataset, Alex-net, Res-net, Convolutional Neural Network

INTRODUCTION

With the increase in technology, the amount of data being available to the public is increasing day
by day. The increase of data is rapid to the point where manual curation is becoming infeasible
and classification using automated systems are necessary. The music industry is no exception.
Automating the process of music tagging would end in higher organization of the information and
thereby creating any further development on the data is easier. like making themed playlists or
recommending songs to users.

Machine learning is used to find the delicate patterns within the data. which might preferably be
tough to explicitly code algorithms for. One such case is deciding what genre a song belongs to.
that is the use case this report can cover. Companies (such as Soundcloud, Apple Music. Spotify.
Wynk etc) use music classification. either to place recommendations to their customers, or simply
as a product (like Shazam). Automatic musical genre classification can assist humans or perhaps
replace them in this process and would be of a very valuable addition to music information
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