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Abstract: With the advancement in multimedia applications, the Internet of things (IoT) devices becomes popular to build smart devices. The scheduling
techniques are widely accepted to schedule the workload between these IoT devices. From the review, it has been found that the use of a genetic
algorithm has shown a low convergence rate to the true global minimum even at high numbers of dimensions. The majority of existing job scheduling
techniques for IoT suffer from stuck in local optima issue. Gravitational Search Algorithm has been widely accepted as a global optimization algorithm of
current interest for distributed optimization and control. Therefore, in this paper, a hybrid gravitational search and quick energy-based scheduling
algorithm are designed and implemented. Extensive experiments reveal that the proposed technique outperforms competitive techniques in terms of
various performance metrics.
Index Terms: Cloud computing, genetic algorithm, gravitational search algorithm, Internet of Things
——————————  ——————————

1. INTRODUCTION
Internet of things is an emerging technology with which we can
connect our daily physical objects to the internet. It is a
network of objects that use sensors and interfaces to sense
the data and exchange them over the internet. IoT devices can
sense and exchange data without much human interaction.
IoE also known as the Internet of Everything is composed of
web enabled devices that can acquire, collect, process and
sense data from the environment by using inbuilt & embedded
processors and communication systems. It describes a system
where just anything can be connected and communicate
intelligently. It has a dynamic infrastructure with self-adjusting
features where each object or thing has a unique identifier [1].
IoT devices can adjust themselves according to changes in the
environment. For example CCTV cameras can switch to night
modes at the night. These devices can change their
networking and automatically update their software [2]. IoT
devices use various communication protocols. Each device in
the IoT network has a different and a separate address or
identity. IoT devices aren’t always in power-on mode. When
not active or in use devices will be switched off or put to sleep
mode to save bandwidth and reduce energy consumption. If
this is not implemented, then it may prove out to be inefficient
and costly. I can incorporate ―smart‖ in almost every aspect of
today’s life [3]. It can be done by using artificial intelligence,
data gathering and networking. For example- In kitchen smart
refrigerator can detect when the quantity of milk is below the
minimum level and can then place the order with preferred
grocer [4].
1.1 Cloud Computing
Cloud Computing is defined as the delivery of processing
services like storage, databases, marketing, computer
software, servers, analytics, and intelligence within the Internet
(―the cloud‖) to supply quicker development, flexible assets,
and economies of scale. The most important cloud computing
services run on an international network associated with
protected data centers, which is often upgraded to fast and
effective computing hardware [5]. This particularly offers
several advantages compared to a corporate data center,
including lowered network latency regarding applications and
increased economies of scale. The cloud lets you innovate
faster because you can target your own valuable IT sources in
establishing applications instead of coping up with
infrastructure or data centers. Together with the cloud, it's easy

to whirl your resources as required, deploying thousands of
servers in minutes [6]. Energy utilization in these IoT networks
is regarded as a vital problem. The main issues are usually as
follows. A lot of IoT detectors in addition to actuators are
usually tiny and quite energy constrained [7]. IoT devices
typically are powered by batteries or use intermittent sources
of energy which can be for example solar energy. Perhaps IoT
sites in addition to gateways do not have reliable energy
sources of power and provision of power to these sites is a
major issue. Also, the fact is that IOT nodes typically deal with
numerous amounts of data, so require a great deal of energy
to intended for subsequent processing. Provided all these
requirements, we feel minimizing the power intake around IoT
communities is an acceptable target so that you can pursue
[8].

2. PRELIMINARIES
2.1 Genetic Algorithm
Genetic Algorithms (GAs) usually are adaptive heuristic
algorithms that belong towards the more substantial part of
evolutionary algorithms. Genetic Algorithms (GAs) usually are
adaptive heuristic algorithms that belong towards the more
substantial part of evolutionary algorithms. They are intelligent
exploitation of random search which is based on historical
data provided to direct the search into the region of improved
performance in solution space. They are generally utilized to
come up with high-quality solutions for search and
optimization problems. Genetic algorithms imitate the process
of natural selection meaning the species that can adjust to
improvements can survive and replicate and go to the next
generation. In simple phrases, they imitate ―survival of the
fittest‖ among individuals of successive generation for finding
a solution to a problem. Each technology includes a population
of individuals and every one presents a place searching the
place and probable solution. Everyone is displayed as a string
of character/integer/float/bits. That chain is comparable to the
chromosome [9]. In genetics, this parameter with the problem
room is usually protected from the pattern involving strings.
These strings collectively are usually known as population. To
start with, your arbitrary inhabitants are made, which often
reveals various things inside the exploration space. The
quality of benefits with the cord is calculated with the help of
goal and health and fitness function associated with every
single string. Then multiplying swimming is created based on
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the principle involving you surviving with the fittest. The strings
that happen to be most fit according to the criteria go into the
mating pool [10].
Pseudo code of Genetic Algorithm
Start
1.
2. Population initialization
3. Evaluate fitness
4.
5. if termination condition satisfied then goto step 10
6. select
7. from
8. crossover
9. mutate
10. go to step 3
11. generate output from best and stop
End

Fig. 2. Flowchart of GSA algorithm

3. LITERATURE REVIEW
Abarghoei et al. (2015)[1] recommended an algorithm that's
a mixture of imperialist competitive and local search algorithms
for resource allocation in a cloud environment as well as the
assignment of each user on virtual machines that already
exists. The actual algorithm criteria attempts to improve
Parameters of quality and efficiency of the proposed algorithm
are compared with the respective parameters of the roundrobin, ant colony, and genetic algorithms.

Fig. 1. Flowchart of Genetic algorithm
2.2 Gravitational Search Algorithm
GSA is a GSA that is usually a population search algorithm
which in turn is dependent on rules involving the law of gravity
and huge interactions. The solutions within the GSA population
are known as agents. For each agent, the performance in the
population is measured by its mass. The agents interact with
work together jointly in the gravitational force [11]. Further,
each agent is referred to as object and one object moves
towards another object with heavier mass due to gravitational
force. The exploration step shows the global movements of the
objects whereas the exploitation step shows that the object
with heavy mass moves slowly. The solution which has
heavier mass is the best [12].

Beloglazoy et al. (2012)[2]planned numerous heuristics
about dynamic consolidation regarding Virtual Machines
(VMs). They will separate the situation into four sections [8]:
(1) Detection of host overloading (2) Selection of VM from
overloading hosts (3) Detection of underloading hosts (4)
Looking for a new host CloudSim simulator [11] and thus,
Local Regression (LR) about host overloading discovery and
Minimum Migration Period (MMT).
Farahzadi, et al. (2017)[3]offered that subsequent era of
communication, as well as programs, will probably depend on
new services furnished by the Internet of Things that has
become a significant thing in people as well as devices future.
IoT companies are generally a vital answer to furnish
intelligent surroundings within homes, complexes, as well as
cities. Things (CoT), which provides almost unlimited cloud
services to further, improve your large-scale IoT platforms.
Horri, et al. (2014) [4]discussed rapid progress regarding
computational power offers brought about to the switch
towards the cloud computing model well-known by simply
large-scale virtualized data centers. These kinds of data
centers take a gigantic amount of electrical energy. Cloud
service providers have to guarantee their services are
adaptable to satisfy various consumer requirements. On the
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other hand, to support eco-friendly computing, cloud
companies also need to lower the actual electrical power
ingestion.
Rahimi et al. (2015) [5] suggested virtualization is often
essential about the sharing of resources within IaaS/PaaS
cloud infrastructures. A single main situation within
virtualization could be the exclusive unit placement (VMP)
dilemma, which will likely be to decide on acceptable actual
machine(PM) so that you can put in exclusive machines(VMs)
throughout runtime Most people research this VMP downside
to the intention of minimizing the overall electricity
consumption.
Calheiroset al. (2011)[6]assessed the particular functionality
associated with Cloud provisioning policies, application
workload versions, in addition to resource functionality
versions inside. an extensible sim toolkit allowing modeling in
addition to simulation associated with cloud computing
techniques
in
addition
to
application
provisioning
environments.
Portaluri et al. (2014)[7]produced a method based on genetic
algorithms using an energy-efficient allocation of resources.
The idea successfully enables to reduce system energy usage
in addition to business expenses. Additionally, a good trade-off
is accomplished involving task completion time and electric
power consumption.
H. Taleb et al. (2017)[8]WSNs usually are known by a lot of
restrictions such as low power, reduced computation ability in
addition to weak transmitting range. with Cloud Computing
starting using an examination of present approaches
associated with this field. The other part is focused on a
marketplace analysis examine amongst two power-efficient
methodologies that are proposed regarding WSNs.
J. Rezazadeh et al. (2012)[9]demonstrated Localization is an
essential portion of the Internet of Things (IoT) in which the
Localization of Everything (LoE) technique has an important
role to raise many services in IoT area. It includes four
components as data analyzing component, data mining
component, data collection, and Location of Everything (LoE)
component.

4. MOTIVATION OF THIS RESEARCH WORK
1.
2.
3.

Using a genetic algorithm indicates the minimum
convergence fee on the true worldwide bare minimum
even from substantial degrees of dimensions.
The majority of existing job scheduling techniques for
IoT suffer from ―stuck in local optima issue‖.
Gravitational Lookup Protocol has been generally
acknowledged seeing that a global optimization
algorithm involving present fascination to get global
optimization and control.

Internet of Things has grown to be extremely popular because
of its number of software by way of the internet. A support
arrangement based mostly on methods that happen to be
aware of the server selection from the cloud can progress to
the cost and efficiency of the Internet of Things. This paper
has focused on different swarm intelligent based energyefficient techniques. The related work on these scheduling
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techniques has shown that the use of Quick energy-aware
processor merging has shown a low convergence rate unity
price towards true global minimum also on large amounts of
dimensions. Gravitational Lookup optimization protocol has
been greatly recognized since a global optimization protocol
connected with recent fascination to get dispersed
optimization and control. Ancestral protocol suffers from
trapped inside neighborhood optimum problem.

5. PROPOSED WORK OR METHODOLOGY
A new hybrid Gravitational Search Algorithm based energyaware algorithm for the Internet of Things environment will be
proposed to enhance the energy consumption rate further.
5.1 Gravitational Search Algorithm
GSA is a nature-inspired algorithm that's based on Newton's
regulation connected with gravitational pressure as well as the
law of movement [1]. GSA appeared to be created by Rashedi
et aussi al. throughout 2009 as well as is to resolve marketing
problems. Your population-based heuristic algorithm criteria
can be based on the regulation connected with gravitational
pressure as well as size interactions. Your gravitational
pressure push creates a global movement where all objects
switch toward different objects by using bulkier masses. Your
gradual motion connected with the bulkier public makes
certain your exploitation step from the algorithm criteria as well
as matches excellent solutions. Even though to get Picture (2),
Newton's minute regulation reveals that every time a push, F,
can be applied to an object, their acceleration, and speed,
your, would depend on the push and size, M. With GSA, each
one target features several homes: location, inertial size,
effective gravitational size, as well as unaggressive
gravitational mass. The positioning from the size matches a
remedy from the dilemma, as well as gravitational as well as
the inertial public are generally specified using health and
fitness function. With GSA, much public respect the following
laws and regulations:[12]
1. Law of Gravity- the objects in the universe obeys the law
of gravity as follows
𝐹

𝐺

(1)

where
𝐹 is the measure of the force of gravity or gravitational force.
𝑀 is the mass of the first object
𝑀 is the mass of the second object
𝐺 is the gravitational constant
R is the distance between objects 𝑀 and M2
Equation (1) shows that in the Newton law of gravity, the
gravitational force between two objects is directly proportional
to the product of their masses and inversely proportional to the
square of the distance between the objects.
2. Law of Motion: The present velocity with the item relies
upon past velocity with the item along with development with
the object. Allow us to consider you will find a technique along
with M products in ways that every single the item has got
chemical measurement, item is usually considered down
below.
𝑂
𝑜 ,𝑜 ,……,𝑜
(2)
𝑖

,2,3 … . . 𝑀

(3)
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The force that acts from object 𝑖 to object 𝑗 at time 𝑡 can be
calculated as below:
𝐹 𝑡

𝐺 𝑡

𝑂 𝑡

(4)

𝑂 𝑡

Where 𝑚
be the inactive gravitational huge with regard to
the item sometimes 𝑡,𝑚 , is definitely the effective
gravitational huge with regard to the item sometimes
𝑡.𝑟 𝑡 . Would be the gravitational continuous some times.
𝑡.𝑟 𝑡 would be the Euclidean length among thing 𝑖 and thing
𝑗 sometimes 𝑡 .It could be determined as follows:
𝑟 𝑡

√𝑜 𝑡

(5)

𝑜 𝑡

The overall force for 𝑖 thing 𝑑 around 𝑑 aspect sometimes is
definitely determined as follows:
𝐹 𝑡

∑

,

(6)

𝑟𝑎𝑛𝑑𝑚 𝐹 𝑡

Where 𝑟𝑎𝑛𝑑𝑚 is a random number in the interval [0,1].
Hence, acceleration of 𝑖 object in dimension 𝑑 at time 𝑡
can be defined as follows:

𝑣𝑒𝑙 𝑡

𝑟𝑎𝑛𝑑𝑚

𝑣𝑒𝑙 𝑡

𝑎𝑐𝑐 𝑡

(8)

where 𝑚 𝑡 is the inertial mass of the 𝑖 object, 𝑟𝑎𝑛𝑑𝑚 is a
random number in the interval [0,1] and 𝑣𝑒𝑙 𝑡 is the velocity
of the 𝑖 object in dimension 𝑑 at time 𝑡.
In accordance with the above equation the position of each
particle will change as below:
𝑜 𝑡

𝑜 𝑡

𝑣𝑒𝑙 𝑡

Step3.Repeat Step 4 to Step 8 until the stop criteria is not
reached.
Step 4.Evaluate the fitness for each object.
Step 5. Calculate and update the values of, and.
Step 6. Calculate the value of mass for each object or agent.
Step 7. Calculate the values of acceleration and velocity for
each agent or object.
Step 8. Calculate and update the value of the position for each
object.
Output Best Solution
END
5.3 Pseudo code of proposed methodology
Step 1: Initialize the internet of things.
Step2: Evaluate the initial population by randomly assigning
workload.
Step 3: Evaluate fitness function using a multi-objective
function.

(7)

𝑎𝑐𝑐 𝑡
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Step 4: while the solution is not reached
 Select individual solutions.
 Perform matting operation.
 Compute total energy consumption.
 Evaluate the fitness function for the new
population generated.
 Apply gravitational search algorithm.
 Perform a local search for the best solution.

(9)

end while

A gravitational continual is definitely initialized initially which
can and then become lessened linearly by using time.
Around GSA, unaggressive gravitational pressure, active
gravitational pressure plus inertia public will be deemed
identical plus might be assessed when:
(10)

𝑚𝑎𝑠𝑠 𝑡
𝑚 𝑡
𝑚

(11)

∑

𝑚

𝑚

𝑚𝑎𝑠𝑠

(12)

where 𝑓𝑖𝑡 𝑡 is the fitness of the object 𝑖 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡. 𝑜𝑟𝑠𝑡 𝑡
and 𝑒𝑠𝑡 𝑡 are the most detrimental and best health and
fitness at time 𝑡.
5.2 Pseudo code of GSA
START
Step 1.Specify first parameter
Step 2.Generate a first populate randomly.
Fig. 3. Flowchart of the proposed methodology
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6. RESULTS AND DISCUSSIONS
The proposed algorithm is analyzed in different stages. The
suggested algorithm is examined using various performance
parameters such as Resource Utilization, Load Imbalance
Rate, Speedup, Execution Time and Overhead Time.
1. Resource utilization:
It is a metric that is used to measure the effectiveness of
resources. The Efficient allocation of resources leads to
optimal resource utilization.
Utilization =

∑

2. Load imbalance rate:
Load balancing is a perfect situation pertaining to a software
program to obtain very good performance. Programming
inefficiencies might trigger sloping work distributions amongst
processors. Load imbalance rate is the measure of these
uneven load distributions. Table 2 displays the analysis of
load imbalance rate. It shows that the proposed algorithm
provides better results than existing methods.
TABLE 2
LOAD IMBALANCE RATE
Iteration
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

(7)

Table 1 displays the analysis of resource utilization. It shows
that the proposed algorithm provides better results than
existing methods.
TABLE 1
RESOURCE UTILIZATION
Iteration
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Existing
0.2240
0.2240
0.2240
0.2080
0.3200
0.1600
0.2720
0.1360
0.2240
0.2160
0.1840
0.1520
0.2320
0.2880
0.2640
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Proposed
0.2593
0.2723
0.3860
0.3134
0.3776
0.2261
0.2916
0.1422
0.3363
0.4255
0.2490
0.2723
0.1814
0.1647
0.4249

Existing
3.220
4.6532
3.4566
5.4501
3.3028
3.1002
3.1798
3.1868
2.8294
1.9782
2.8367
2.9458
3.5976
3.4888
3.1906

Proposed
2.9374
2.7502
3.0480
2.5133
2.1673
2.4515
2.7713
2.4428
2.3228
2.4372
3.2711
3.3681
2.6765
2.7119
2.8385

Fig. 5. Analysis of Load Imbalance Rate
Fig.5 displays the analysis of load imbalance rate. It shows
that the proposed algorithm provides better results than
existing methods.

Fig. 4. Analysis of Resource Utilization
Fig 4 displays the analysis of resource utilization. It shows that
the proposed algorithm provides better results than existing
methods.

3. Speedup:
It is definitely an operation to increase the actual overall
performance between not one but two systems producing the
identical problem. Speed Up = Serial execution Time / Parallel
execution Time Table 3 displays the analysis of speedup. It
shows that the proposed algorithm provides better results than
existing methods.
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TABLE 3
SPEEDUP
Iteration
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Existing
3.9693
3.9080
3.9583
3.8689
4.0124
3.9430
3.9938
3.9281
3.9856
4.0197
3.9657
3.9457
3.9561
3.9880
3.9894

Proposed
4.0007
4.0137
4.0777
4.0454
5.5166
4.0036
4.0223
3.9630
4.0690
4.1098
3.9785
3.9856
4.1020
3.9618
4.0895

ISSN 2277-8616

8
9

8.1259
7.3268

6.3557
6.0954

10

5.4233

6.2848

11

7.3430

8.2258

12

7.5871

8.3582

13

9.0444

6.8365

14
15

8.8013
8.1344

6.9641
7.1639

Fig.7. Analysis of Execution Time
Fig.7 displays the analysis of execution time. It shows that the
proposed algorithm provides better results than existing
methods.

Fig.6. Analysis of Speedup
Fig.6 displays the analysis of speedup. It shows that the
proposed algorithm provides better results than existing
methods.

5. Overhead time
Overhead is usually just about mixture of extra as well as
oblique computation period, bandwidth, data transfer rate,
memory or any other methods which are required to execute a
unique activity. Table 5 displays the analysis of overhead time.
It shows that the proposed algorithm provides better results
than existing methods.

4. Execution time
It is the time spent by a system to complete the instruction
execution or completely executing task.
Execution Time = Stop Time – Start Time
Table 4 displays the analysis of execution time. It shows that
the proposed algorithm provides better results than existing
methods.
TABLE 4
EXECUTION TIME

TABLE 5
OVERHEAD TIME
Iteration

Existing

Proposed

1
2
3
4

1.6320
2.2820
1.7459
2.6373

1.4951
1.4015
1.5333
1.3009

5

1.6771

1.0971

6

1.5864

1.2661

7

1.6220

1.4165

8

1.6252

1.2711

Iteration

Existing

Proposed

9

1.4654

1.2191

1
2
3
4
5

8.1599
11.4102
8.7293
13.1867
8.3854

7.4754
7.0076
7.6666
6.5046
5.4856

10

1.0847

1.2570

6
7

7.9322
8.1102

6.3303
7.0823

11
12
13
14

1.4686
1.5174
1.8089
1.7603

1.6452
1.6716
1.3673
1.3928

15

1.6269

1.4328
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[6]

[7]

[8]

[9]

[10]

Fig.8. Analysis of Overhead Time
Fig.8. displays the analysis of overhead time. It shows that the
proposed algorithm provides better results than existing
methods.

[11]

7. CONCLUSION
IoT is one of the leading technologies for providing smart
environments. We are transforming everything from the
physical world to the digital world. IoT connects our daily
devices with the internet and allows them to exchange data.
Researchers make predictions that these devices are growing
increasingly and will reach to the limit of 100 billion devices by
the end of this decade. Hence energy consumption in the IoT
environment has become one of the major issues to be
addressed. Extensive experiments of the proposed hybrid
gravitation search algorithm have shown significant
improvement over the competitive techniques. Also, the
proposed technique comes up with lesser overheads;
therefore, it is more suitable for real-time applications.
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