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ABSTRACT

The Internet of Things (IoT) is a dispersed network system that connects the world through the Internet.
The architecture of 10T consists of more gateways and resources which cannot be allocated in a manual
process. The allocation of resources in l0T is a challenging process due to the higher consumption of
energy and high latency rate. To overcome the challenges in existing works, this research introduced an
Improved Reptile Search Algorithm (IRSA) to solve the optimization problem which occurs during the time
of allocation resources among 10T networks. IRSA employs the methodology of levy flight and cross-over
to update the candidate position and enhance the search speed in a single iteration. The proposed method
consumes less energy and has low latency during data transmission from User equipment (UE) to the base
station.IRSA has been compared with the existing Scalable Resource Allocation Framework (SRAF) and
Improved Chaotic Firefly Algorithm (ICFA). The obtained experimental results show that the proposed
IRSA attained better performance with an allocation rate of 96.40% which is comparatively higher than
SRAF and ICFA with 92.40% and 91.67% respectively.
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1. INTRODUCTION

In recent days, the Internet of Things is developed as an essential part of the daily life of an
individual. The usage of loT in real-time applications includes medical, automation, smart
building, etc [1-4]. The networks of 10T are multi-hop ad hoc networks that are created using
more sensor nodes deployed in a supervised region. 10T networks are utilized in highly functional
applications through the cooperation of nodes [5]. During resource allocation, 10T device needs
better Quality of Service (QoS) while implementing it in the node with energy-efficient
configurations [6]. The resource allocation leads the physical 10T networks to different types of
virtual networks which is considered an advantageous process to ensure better QoS [7]. The lack
of efficient resource allocation leads to a major effect on the performance of 10T networks [8].
The resource allocation technique can be accessed using the cost and efficiency of different
processing techniques. The resource allocation can be performed based on two methodologies
such as scheduling and random access. [9]. The process of scheduling takes place by creating an
interaction among the nodes with varying geographical locations and allocating suitable resources
to tasks [10].
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Energy consumption is a major drawback in the uplink and downlink of 10T networks. This can
be reduced by the allocation of channels and sub-channel's bandwidth [11,12]. Moreover, the
resource allocation process serves as an energy saver and helps to improvise the capability of 10T
networks [13]. One of the most important study areas is the 10T Resource Allocation Problem
(IRAP), which considers how to lower the costs of traffic among gateways, appliances, etc. The
performance of wireless communication and foundation devices can both be improved using an
efficient resource allocation mechanism [14]. There are numerous optimization issues have
aroused while solving the problems related to allocation of resources. These problems can be
overwhelmed using evolutionary optimization techniques which make an effort to maximize the
probability to obtain solution to challenging problems [15,16,17,18]. This research is motivated
by finding an optimal solution for the resource allocation problem with minimum energy
consumption and delay. To overcome the fore mentioned problems, this research used an
effective heuristics algorithm to enhance the convergence and aids in solving the allocation
problem. The major objective of this research is to provide an optimal heuristic algorithm for
optimal resource allocation in 10T networks.

The main contributions of this research are listed as follows:

1. The problems in resource allocation of loT networks are resolved using IRSA which
optimized the allocation issues based on latency and energy consumption.

2. Levy and crossover methodologies are employed in the proposed IRSA which updates
the position and enhance the search speed in a single iteration.

The remaining paper is organized as follows, Section 2 represents the related works of the paper.
The proposed method is discussed in Section.3. The results and discussion are provided in
Section.4. Finally, Section.5 represents the overall conclusion of the paper.

2. RELATED WORKS

Jian Jiao et al. [19] have introduced a joint network stability control and Non-Orthogonal
Multiple Access (NOMA) based power allocation in the downlink system of Satellite Internet of
Things (S-10T). The two virtual methods such as data queuing and power expenditure were
established to evaluate the efficiency of the introduced method. An optimal solution was
provided by the particle swarm optimization algorithm for the issues related to joint allocation.
The NOMA combined with Karush-Kuhn-Tucker (KKT) to identify a sub-optimal solution using
the NOMA-KKT method. However, the NOMA-KKT method consumed more space when the
number of user equipment becomes higher.

Xiaolan Liu et al. [20] have introduced an Efficient Channel Allocation Algorithm (ECAA)
which has less complexity while grouping the number of users in uplink communication of loT
networks. The ECAA utilized Markov Decision Process (MDP) to predict the energy arrival and
the condition of uncertainty for each user. The MDP methodology attained better power
allocation for every individual user and improvise the throughput of the network in the specified
network frame. The ECCA attained nearest-optimization performance in the allocation of
channels with minimal complexity. However, the performance of the ECCA algorithm was
recessive when it comes to the multiple numbers of user equipment.

Zafer Al-Makhadmeh and Amr Tolba [21] have introduced Scalable Resource Allocation
Framework (SRAF) in user-based loT utilizing deep learning techniques. The SARF performs
allocation by balancing the availed sources and balancing the processed requests. The joint
process of SARF was used to decrease the processing time and the probability of failure in
allocation. The SARF allocates the resource by solving the complexities in replication and issues
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in overloading. The SRAF combines the requests from the user and available resources to fulfill
the needs of the user and provide support for long-range access. However, the SARF framework
took more time to allocate the resource when implemented with the meta-heuristic approaches.

Zhiyong Wang et al. [22] have introduced a resource allocation scheme in 10T networks using an
improved chaotic firefly algorithm. This approach creates a multi-objective optimization based
on interference of cognitive radio’s operational environment. Protecting the primary user's usual
activities was intended to increase the secondary system's throughput and the number of users
that the secondary base station can serve. The firefly algorithm incorporates the chaos algorithm
to increase convergence speed and decrease the likelihood of local optimization. The algorithm
can effectively find the best answer while making the issues easier. The algorithm doesn’t focus
on the problems related to real-time applications and it was not sensible for the response time.

James Adu Ansere et al. [23] have developed an energy-efficient iterative algorithm using the
convex approximation method and Lagrangian dual decomposition technique for optimal
resource allocation. A Jointly optimized power allocation, the count of active base stations, and a
user selection algorithm were utilized to improvise the energy efficiency in the networks of 10T.
The proposed algorithm initiates the base station count and provides better Quality of Service
(QoS) in user equipment present in the 10T. The convex approximation method and Lagrangian
dual decomposition technique used in the algorithm provide assured convergence with minimal
computational complexity. However, the delay time considerably get increased when the user
equipment gets increased.

3. OVERVIEW OF IRSA

The issue raised in resource allocation must be defined before describing the proposed algorithm.
There are two types of nodes in the IoT network considered in this research, the first one is
resources and the second is gateways connected with the networks of 10T. The various parts in
the 10T network are connected by gateways and these gateways are responsible to regulate the
traffic in resources. Moreover, these resources can be connected with various gateways, and
communication cost among them is scheduled. The cost computation is an essential process to be
carried out among the gateways and when the computational cost seems to be higher, it leads to
connection issues among the gateways. The communication cost gets varied by changing the
communication model. The load balancing is the process where the resources get separated
among the gateways. Thus, this research focuses on the cost of communication and load
balancing in the resource allocation of 10T networks.

3.1. Objective Function

All the resource node presents in the 10T networks communicate with one another and the total
cost must be computed for individual solutions of resource allocation. Each resource present in
the 1oT networks sends messages to other resources present in the network. The cost for the
messages is computed which is measured as an objective function. The total cost function is
represented as and it can be minimized using the Improved Reptile Search Algorithm (IRSA).
The total cost is computed using equation (1) as follows:

3179 (arxas)

T, = >

1)

Where the total number of the gateway is represented and the cost for transferring the data among
the jth gateway and other resources is denoted as d}. The cost of communication in a gateway
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has an exponential effect on the cost of communication, so d; x d9 is considered a better

equation while computing the maximum cost. The multiplication of is effective while computing
the cost involved in communication. The communication cost among the gateway sources can be
computed using equation (2) as follows:

, =l &)

The cost involved in communication among the gateways i and j is denoted as [;; and d; is
computed by utilizing the equation (3) as follows:

]
sl 3)

The communication cost among the jth gateway is denoted as ¢, and the connected gateway
resources are represented as |v] |.

Another parameter in resource allocation is load balancing which is denoted a penaltyP. The
IRSA minimizes the and the function’s denominator is taken which denotes the penalty and
denotes the normal state of the gateway. The resource with a gateway higher than the value of is
utilized to improve value. The value of the penaltyP is computed using the equation (4) as
follows:

p=1+3"p, (4)

Where the total number of the gateway is denoted as |l{q| and the penalty P; for each gateway is
computed using equation (5) as follows:

[Vl

1ifgf§€m
Pi: 0i t < M (5)
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The total number of a resource based on the gateway is denoted as the total number of resources
and the constant value is denoted as and respectively. The illustration of the network system is
represented in Figure 1 as follows:

| |
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Figure 1. Representation of network system
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3.2. Reptile Search Algorithm (RSA)

The RSA algorithm [24] is a type of metaheuristic algorithm developed by Abuligah et al. in the
year 2021. RSA imitates how crocodiles might act while hunting in their native environment. In
general, crocodiles are members of the "Crocodylinae" family and prefer to live in areas with
access to food and water. They come from the class of animals known as amphibians, which can
hunt both in and out of water. The following examples show how crocodiles behave in their daily
lives. The RSA is based on the natural social behavior and attacking strategy of the crocodiles.
The RSA undergoes two phases as exploration and exploitation phase, the exploration phase is
based on the mechanism of encirclement,and the exploitation stage is based on hunting behavior.
The metaheuristic algorithm is implemented with the candidate solution before beginning the
iterations. The candidate solutions can be created based on equation (6) mentioned as follows:

Z;j=rand X (up — low) + low (6)

Where the stochastic value is denoted as,the maximal and minimal limits of the problems in
optimization are denoted as.

The distinctive feature of RSA's worldwide search is encircling behavior. Two behaviors such as
aerial and abdominal walks make up the process. Crocodiles are frequently prevented from
approaching food by these two acts. The crocodiles perform a search at a global level to get food
after numerous tries. Make sure that the meantime of this development stage is adjusted
continuously to obtain better results. The crocodile’s encircling behavior is represented using
equation (7) as follows:

best;(t) x (—11;;(6)) x B — Ry ;(8) x 1, ¢ < ez

()
bestj(t) X Zpyj X ES(t) X1, anx <t< 2x7;max

Zi_j(t + 1) =

Where the best position of the crocodile at iteration is denoted as and the stochastic value from 0
to 1 is denoted as r. The maximum number of iterations is represented as is crocodile’s
dimension at the state r;and the stochastic value between 0 and 1 is denoted as. The operator of
the crocodile i in dimension j denoted as n; ; and it is evaluated using equation (8) as follows:

77i,j = besti,j(t) X Pi,j (8)

Where P; ; is represented as the percent of the variance between the best position and the current
state of the crocodile.
The reduced function R; ; is utilized to lower the explored region is computed using the equation

(9) which is represented below,

Rij =k o ©
Where the random value among 1 and N is represented as r, and the smaller value is denoted as
fl'.he reducing probability of the arbitrary value is denoted as ES which lies in the ratio of 2 and -
2, it is represented in equation (10) as follows:

ES=2x73x (1 -2 (10)
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The integer value lies between -1 to 1 is denoted as 5.
The best crocodile’s position P; ;is reorganized using equation (11) as follows:

Zi,j-M(Z;)

P, =
LJ + bestj(t)x(upj—lowj)+£’

(11)

Where the maximal and minimal limits of jth dimension are denoted as up; and low;, the
parameter utilized to regulate the accuracy during the search process is denoted as

The crocodile’s average position is denoted as M(Z;)which is represented in equation (12) as
follows:

M(Z) = -3 7, (12)

The hunting process is based on two techniques such as coordination and collaboration. The
encirclement system has almost locked down the location of the intended prey for the crocodiles,
who may now approach the target more easily thanks to their hunting tactics. After multiple
rounds, the development phase will frequently discover the nearly ideal candidate solution. The
mathematical representation of the developed hunting behavior of the crocodile is represented in
equation (13) as follows:

best;(t) X P; j(t) X r, 2Tmax o ¢ o 3¥Tmax

4 4 (13)

3XT, 4XT,
bestj(t) - T]l,](t) X E&E— Rl,j(t) X T,% <t< %

Zi_j(t + 1) =

Where the crocodile’s optimal position is defined as an operator for crocodile at jth dimension is
denoted as 7, ;.

3.3. Improved Reptile Search Algorithm (IRSA)

Less latency and energy usage are two fundamental network components for 0T administration.
Therefore, this study has concentrated on the RA problem in loT to attain these goals. As was
previously mentioned, the key goals of RA are load balancing and lowering communication
costs. Less communication cost results in lower network latency. By load balancing, blockages
from the network are neglected and increase the performance of the network. If these limitations
are managed, there will be more opportunities for using this technology. This paper proposed a
heuristic technique known as IRSA to tackle the issues in RA in 10T networks. The leap out and
the enhancement of precision of the candidate solution are improved using the Levy flight
method and the technique based on interaction crossover improvises the ability of IRSA.

3.3.1. Levy Flight Method

The following properties of the random numbers produced by the Levy flight method are
employed in this paper:

(1) The generated random numbers are frequently small, with larger ones irregularly combined.

(2) The probability density function of the steps has broad tails. With the help of this random
number, oscillations may be induced, the area can be quickly searched within one iteration,
and a candidate solution can be helped to emerge from the local optimum.
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The levy distribution function is represented in equation (14) as follows:

Levy(w) =t 1720 < w < 2 (14)
The length of a step in levy flight is computed using equation (15),

= (15)

S = |U|1/w

Where the Gaussian distribution function is represented as, the value of u and v is represented in
equation (16) as follows:

u~N(0,02) andV~N(0,02) (16)
Where the value of a,,andoy, is represented in equations (17) and (18) respectively.
paspsinceh \
Sin(m
oy = (w) (17)
o((145)82 2 )
o, =1 (18)
Where the gamma function is represented as ¢ and the parameter is denoted as  with fixed 1.5
The encircling mechanism involves high walk and belly walk which takes place using the Levy
flight method is used to efficiently increase the search area. To maximize the tractability of the
ideal phase of exploitation, the Levy flying approach is used for phases of coordination and

collaboration in crocodile behavior for hunting. The method of encircling is based on levy flight
and is represented in equation (19) as follows:

Tmax
best;(t) x (—ni,j(t)) X B —R;j(t) x Levy, t < -
2XTyax

4

Zi_j(t + 1) = (19)

best;(t) X z.1; X ES(t) X A X Levy,T"f% <t<

Where A is the parameter with a value of 0.1

The hunting of the crocodile based on coordination and cooperation using the levy flight method
is represented in equation (20):

3XTmax

X (20)

3XT, 4XT,
best;(t) —n;j(t) x e = R; j(t) X A X Levy,% <t< %

best;(t) x P; j(t) X A X Levy, 2Tmax < ¢ <
Zi_j(t + 1) = 4

3.3.2. Interaction crossover method

The information is interchanged among two candidate solutions and the candidate is in an ideal
position, the interaction crossover technique aids the candidate in their current position in making
adjustments. To enhance the search ability of the candidate solutions, the new position gathers
data on the ideal solution and other potential alternatives. The parameter utilized to control the
crocodile’s activity for the number of iterations is defined as CF which is represented in equation
(21) as follows:
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ax—t
CF = (1— L) Tmex (21)

max

Where the current iteration is represented as and the maximum number of iterations is defined as.
The crocodile population is classified into two categories as. The upgraded state of the crocodile
is represented in equations (22) and (23) as follows:

Ziy,j (t + 1) = 21,;(t) + CF X (beStj(t) = Zg1,j (t)) + ¢4 X (21, j(£) — 2y, (1)) (22)
Zua,j (6 + 1) = 201 (©) + CF x (best;(6) = zip j(0)) + €2 X (z12 j () = 2111 (©)  (23)

Where the best position of the crocodile is represented as and the stochastic values lie in the
interval 0 to 1 denoted as and. The crocodile lies in the position and is denoted as respectively.
After the process of crossover, the crocodiles with poor capabilities are neglected based on the
equation (24) represented as follows:

z; j(t), iff(zi,j(t)) < f(zi,j(t + 1))

2t + 1), else if f (2,50t + 1)) < if £ (z;(0) )

Zi,j(t + 1) =

4. RESULTS AND ANALYSIS

This section provides the results and analysis of this research. The result portion is classified into
performance analysis and comparative analysis which are represented in the following sections.
The simulation of the proposed IRSA is implemented with four gateways and seven resources,
the test data is created based on three sizes of the data such as small, medium, and large.
Moreover, the total count of gateway gets varied from 4 to 100 and the a total number of
resources varies from 100 to 800. The proposed method is designed and implemented for total of
eight test samples. Moreover, the proposed method is implemented in MATLAB software with
system specifications such as i7 processor at 2.24 GHz and 8GB Random Access Memory
(RAM) in Windows 10 operating system.

4.1. Performance Analysis

In this research, the optimization problem is rectified using the IRS optimization algorithm. IRSA
is an advancement of RSA where the levy and cross-over methodology is utilized. Here, the
performance of IRSA optimization with existing optimization algorithms such as Particle Swarm
Optimization (PSO), Ant Colony Optimization (ACO), Fruit fly Optimization algorithm (FOA),
RSA, and IRSA are evaluated based on parameters like allocation rate, average delay and
consumption of energy. Table 1 represented below provides the performance of various
optimization algorithms with the proposed IRSA algorithm.

4.1.1. Allocation rate

Resource allocation is defined as the rate of assigning resources to the network to minimize
latency and power. The allocation rate of PSO, ACO, RSA, and IRSA is 87.66%, 92.35%,
94.96%, and 96.40% respectively. The results from the simulation show that IRSA achieved a
maximum allocation rate of 96.40% when compared with existing algorithms. Table 1 shows the
allocation rate of the proposed IRSA with the existing algorithms.
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Table 1. Performance based on the allocation of resources

Algorithms Allocation rate (%)
PSO 87.66
ACO 92.35
RSA 94.96
IRSA 96.40

The graphical representation of allocation rate of optimization algorithm is represented in figure 2
as follows:

98
926

94
8
84
82
PSO ACO RSA IRSA

Optimization algorithms

Values (%)
(=] - h=J
(=} (=] = (=]

Figure 2. Allocation rate

From Table 1 and Figure 2, it is concluded that the proposed IRSA achieved a better allocation
rate of 96.40% which is comparatively higher than the existing algorithms.

4.1.2. Average delay

The delay time is represented as the time between the change of component measured at the
source point and the destination point of the system. The average delay of PSO, ACO, RSA, and

IRSA is 0.008 ms, 0.005 ms, 0,007 ms, and 0.003 ms respectively. Table 2 shows the average
delay of the proposed IRSA with existing algorithms.

Table 2. Performance based on average delay

Algorithms Average delay (ms)
PSO 0.008
ACO 0.005
RSA 0.007
IRSA 0.003

The graphical representation of average delay of optimization algorithm is represented in figure 3
as follows:
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Figure 3. Average delay

From Table 2 and Figure 3, it is concluded that the proposed IRSA achieved a minimum delay of
0.003 ms which is comparatively higher than the existing algorithms.

4.1.3. Energy consumption

The consumption of energy in the network is defined as the quantity of consumed energy during
the time of receiving and broadcasting packets that contain data. The energy consumption of
PSO, ACO, RSA, and IRSA is 1.1 mJ, 1.3 mJ, 0.9 mJ, and 0.7 mJ respectively. From Table 3 and
Figure 4, it is concluded that the proposed IRSA consumed minimal energy of 0.7 ms which is
comparatively higher than the existing algorithms

Table 3. Performance based on energy consumption

Algorithms Energy consumption (mJ)
PSO 1.1
ACO 1.3
RSA 0.9
IRSA 0.7

The graphical representation of energy consumption is represented in figure 4:
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Figure 4. Energy consumption
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From table 1 — table 3, it is shown that the performance of the IRS optimization algorithm is
better when compared with other optimization algorithms. This better performance is due to
rectifying 10T Resource Allocation Problem (IRAP) effectively using levy and crossover
methodology. In the Levy method, a random number will be assisted in updating the state to
induce oscillations, perform a quick search in one iteration, and assist in the candidate solution
leap out of local optimum and cross - over method to enhance the searchability of the candidate
solutions, the new position gathers data on the ideal solution and other potential alternatives.
IRSA achieved a better allocation of 96.40 % which is higher than other optimization algorithms.

4.2. Scalability Analysis

The scalability of the simulation depends on the number of iterations and fitness value. In this
section, the scalability of the proposed method is sensed based on varying the iteration from 100
to 1000. The figure 5 presents the scalability of the proposed IRSA in an loT network by varying
the number of iteration.

600
500
400
300
200
100

Fitness

100 200 300 400 500 600 700 800 900 1000
Number ofiteration

Fitness of PCO =e=TFitness of ACO
Fitness of RSA =e#=TFitness of IRSA

Figure 5. Graphical representation for evaluation of fitness

The results from Figure 5 show that the proposed IRSA obtained better fitness value when
compared with existing techniques. The better result of the proposed method is due to the levy
flight cross - over technique involved in IRSA. The Levy flight outperforms quick search in a
single iteration which helps to minimize the cost and the cross - over method improvises the
ability to search the ideal position for effective allocation of resources. Figure 6 mentioned below
shows the efficiency of the proposed IRSA based on scaling the allocation rate and energy
consumption. Moreover, the scalability of the proposed method is compared with the existing
optimization techniques. At the time of evaluating the scalability, the proposed IRSA has a higher
allocation rate of 96.40% and the energy consumption is 0.7 Mj. This better result is due to
incorporating the Levy flight and crossover method in IRSA which provides stability and
robustness to the algorithm. The Levy flight method enhances the convergence in a single
iteration and the cross - over search ability for an effective allocation of resources.
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Figure 6. Graphical representation for evaluating the scalability by means of energy consumption and
allocation rate

4.3. Comparative analysis

The comparative analysis of the proposed IRSA with existing methodologies such as Scalable
Resource Allocation Framework (SRAF) [21] and Improved Chaotic Firefly Algorithm (ICFA)
[22] for the problems related to resources allocation in the environment of 10T is discussed in this
section. The comparative table of the proposed IRSA with the existing SRAF [21] and ICFA [22]
is represented in Table 4.

Table 4. Comparative table

Methods Allocation rate(%o) Average delay (ms) Energy consumption (mJ)
SRAF [21] 92.40 0.004 0.8
ICFA [22] 91.67 0.006 0.10
IRSA 96.40 0.003 0.7

From the above comparative table 2, it is shown that the proposed IRSA achieved better
performance measures when compared with the existing SRAF [21] and ICFA [22] for
optimizing the problems of resource allocation in the networks of 10T. IRSA utilized Levy and
cross-over method which updates the position and enhances the search speed in a single iteration.
Thus, IRSA performs to rectify the issues in 10T resource allocation.

5. CONCLUSION

The problems related to resource allocation are a challenging task in the environment of loT.
Resource allocation is a process of allocating an optimum resource to the tasks. The inappropriate
utilization of resources leads to the consumption of energy and affects the 10T environment. So,
resource allocation in a large network system like 10T is an important topic. In this research, the
IRSA algorithm is proposed to minimize energy consumption and reduce latency in the network
IoT. As the name indicates, IRSA is an advancement in the RSA where Levy and crossover
methodologies are utilized. In the Levy method, the random number will be assisted in updating
position to induce oscillations, make a quick search in the area during one iteration, and assist in
the candidate solution leap out of the local optimum, and the cross-over method enhances the
searchability of the candidate solutions, the new position gathers data on the ideal solution and
other potential alternatives. Thus, the IRSA is utilized in solving the optimization problem.
Experimental research shows that the proposed IRSA attained a better allocation rate of 96.40%
which is comparatively higher than SRAF (92.40 %) and ICFA (91.67 %). In the future,
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hybridization can be implemented in optimization techniques to improve the performance of
resource allocation.
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