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Abstract

Cloud computing is a significant technology model with the strongest potential to change the way IT
activities are carried out. The cloud offers low-cost and scalable IT resources. Cloud providers strive to
improve business outcomes so cloud systems become more complex. The intelligent cloud has a number
of issues, including optimizing the cloud service and designing and distributing resources adaptively
and economically. There is a rising trend toward adopting intelligent technologies to better cloud
management in particular. This paper introduces an intelligent method to manage cloud resources
without delay or trouble. Starting with designing a system based on a genetic algorithm (GA) as a
computational tool to achieve the goal and plan a predictive request then depending on the round robin
(RR) algorithm to allocate the requests for processing. To evaluate the performance of this method, the
proposed algorithm was verified in 145 requests. Where the implementation system achieved a

reasonable result.

Keywords: Cloud computing, Genetic algorithm, Resource management, Round-robin algorithm,

Scheduling.

Introduction

Cloud computing has received great attention due to
the rapid development of Internet technology®. To
reduce the cost by allowing them to use less
expensive, more powerful resources, or by enabling
them to benefit from the scale economies provided
by cloud computing platforms. In a cloud computing
system, distributed computing technology and many
open service interfaces are utilized to get benefits by
selling redundant computing and storage capabilities
to users?, that is, the concept of cloud computing
dependent on a pay-per-model that contains a general
set of on-demand allocation of programmable
computer resources, and users can easily access the
network®. Service providers can make profits by
providing essential services during a short period of
time through the advantages of their hardware

resources?, while users and certain companies that
want to reduce the cost by allowing to use less
expensive, more powerful resources, or by enabling
them to benefit from the scale economies provided
by cloud computing platforms*.

However, due to its low-cost and on-demand
availability, it is common for cloud asset misuse to
arise, minimizing resource utilization or even risking
infrastructure. As a result, resource management is
critical to ensuring continuous supply and better
utilization, which is accomplished through
scheduling®. The round-robin method is a time-
sharing operating system'’s efficient CPU scheduling
process. The system processes the strategies
regarding the time slice; even so, the researchers
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have found calculating the time slice to be extremely
difficult. CPU scheduling is a resource allocation
technique that deals with assigning CPU time to a
particular process. The way the CPU selects the
process from the ready queue differs between this
algorithm®. Several scheduling methods, including
FCFS, SJF, priority, and Round-Robin (RR), is used
in the time-sharing system. The traditional RR
provides an equal amount of time for all processes,
which is known as a time slice. Each process uses its
time slice numerous times until its execution is
complete. Furthermore, the following criteria must
be considered when selecting a scheduling
algorithm: CPU utilization, throughput, response
time, turnaround time, and waiting time. Firstly,
resource management must be understood and the
numerous issues associated with various scheduling
techniques to develop a good scheduling algorithm®.
This paper offers a thorough resource analysis
management in cloud computing using optimization
factors  appropriate  for cloud  computing
environments. Then will assist researchers in
determining the best approach for recommending an
appropriate  technique for scheduling user
applications in a cloud environment.

Cloud computing works as a virtual resource
provider for the multi-user with a random selection
for whom they need service. Thus to improve
stability must intelligent monitoring methods
without delay to avoid instability. Then two
algorithms GA and RR are combined to ensure that
the processing of the tasks is not delayed and reaches
a stable state.

The rest of this paper is organized as follows: Cloud
resource management is presented, resource
management challenges in the cloud are mentioned,
a description of genetic and round-robin algorithms,
and related works, the proposed cloud resource
management algorithm is described, then the results
and discussion are presented. Finally, in the last
section, the conclusion and future work will be
discussed.

Cloud Resource Management

When dealing with predictable or unpredictable
requirements, cloud computing is a good choice to
take into account’. The robust framework of cloud

computing enables people as well as companies to
acquire the necessary services in accordance with
their requirements. The model provides a wide range
of services, including storage, deployment platforms,
easy access to web services, and other®. The
management of resources is a major challenge in
distributed computing, like cloud computing.
Different cloud users require various services based
on their changing requirements in cloud computing.
As a result, the goal of cloud computing is to present
all of the necessary services. Nevertheless, because
of the limited resources available, cloud service
providers struggle to provide all required services at
the same time. Classifications of major types of
resources based on their services, like as storage,
network, computation, energy, and, security. In the
following section, the different types of challenges
for resource management will be discussed in the
cloud computing situation®.

Resource Management Challenges in Cloud

Resource mapping, resource provisioning, resource
allocation, resource selection and discovery,
resource brokering, resource adaptation, and
resource scheduling are some of the major challenges
based on resource cloud system management
systems. The main concept of these challenges is
presented®:

Resource mapping: The consistency of available
resources with a service provider and resources
required by users is referred to as resource mapping.
Resource provisioning: this is the method for
assigning a service provider's resources to cloud
users while maintaining the quality of service
guarantee specified in the service level agreement
(SLA).

Resource allocation: is the cost-effective assigning
of cloud resources among various applications via
the internet.

Resource selection and discovery: this is the
method of finding all resources offered up in the
system, gathering current resource state information,
and deciding which target resource to select based on
the data collected from the discovery.

Resource brokering: is the method of negotiation
for the resources needed with an agent to ensure that
they are available in time to accomplish the
objectives.

Resource adaptation: this system's ability to
dynamically regulate resources to satisfy user needs.
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Resource scheduling: as a schedule of events and
resources that registers when an action should begin
or end based on its: dedicated resources, duration,
preceding activities, and preceding relationships.

Genetic and Round-Robin Algorithms

Genetic algorithm: GA is a heuristic technique; it
solves a difficult optimization problem based on
natural evolution, high efficiency, and stability. GA
is motivated by the improved fitness of biological
systems as a result of evolution. In this algorithm, the
solution to a given problem is represented as a
chromosome in the form of a string, and a set of
elements is represented as genes, which have the
values of optimized variables. GA works with a
random population of chromosomes. On each
chromosome, an objective function is used to assess
its fitness. To simulate the natural survival of the
fittest process, chromosomes are produced through
crossover or mutation®. Children have a better casual
of surviving if their parents are more physically fit. This
cycle repeats until the generation of fittest is identified??.

Round-robin scheduling: this is the most basic
scheduling algorithm and is used in a wide range of
applications. When the RR algorithm is implemented
for an extended period of time, all devices are
scheduled equally®. In this situation, each task takes
its role all tasks have been assigned time slots'!.
Because round-robin performs on a static time
guantum, for execution, each process gets a time
slice. When a process completes its time slice, it is
moved to the end of the ready queue for later
implementation®. As a result, it is a time-slicing
technique in which every time slot offers the same
period of time, and tasks are given one by one®.
However, many researchers were interested in the
constant time quantum problem to minimize the
waiting time and turnaround time; while others
reorganized the ready queue in increasing or
decreasing order, to get better performance. Mainly,
an algorithm composite of multiple steps, a genetic
algorithm is one of the problem-solving methods that
use genetics in its work™.

Related Works

Many studies have been conducted in order to
increase CPU utilization and then improve the

performance of cloud management. The following
are some related work.

Fan et al.? proposed A multi-objective Genetic
Algorithm is used for dynamic resource usage and
power consumption forecasting. To raise average
CPU and memory usage, the prediction VM
assignment technique is used, but Genetic Algorithm
alone increases execution and waiting time, so a
static algorithm can be used such as a round-robin to
decrease them.

Kousalya et al.® presented a new cloud-based job
scheduling algorithm that depended on basic GA
merged with PSO for task scheduling. In this method,
bandwidth is utilized as a fitness circumstance to
validate the scheduling results. Most clouds are taken
into account in this strategy to enhance resource
utilization. To improve the allocation process,
dedicated virtual machines are divided based on their
CPU priority. The hybrid algorithm uses cloud
measurements such as execution time, bandwidth,
node requirement, and deadline to generate an
optimized scheduling scheme. The experimental
outcomes illustrate that the proposed method
maximizes resource utilization. But, this paper
combined GA and PSO for task scheduling, which
are heuristic methods that take a long time.

Henrique et al.}* proposed the Genetic Algorithm
(GA) and Multi-Population Genetic Algorithm
(MPGA), along with the suggested operators, could
be a viable different to the earlier PSO approach.
According to the findings, GA and MPGA were
consistently better than PSO. For the three workflow
scheduling  algorithms  tested,  evolutionary
algorithms returned improved scheduling schemes
that reduced costs in an acceptable amount of time.
But there was a delay in the distribution of tasks and
it can be solved using a static scheduling algorithm
such as round-robin, in order to fulfill the stability

Mahendra et al.'® proposed a heuristic approach for
the allocation of resources and job scheduling be
used. Modules such as task scheduling and resource
allocation using the divide and conquer method, a
modified analytic hierarchy process, longest
expected processing time preemption, and
bandwidth-aware splitting scheduling are used in this
approach. Tasks are processed prior to assignment.
He could have used a method, for example, round-
robin, to distribute tasks to the VMs and reduce
waiting time.
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Fang? determines the resource scheduling execution
amount by optimizing the genetic algorithm's
execution process, planning the completion time of
job scheduling and load balancing, and establishing
a set of cloud resource scheduling search schemes
based on the genetic algorithm. Experiment results
show that the improved genetic algorithm described
in this paper has a greater effect on cloud resource
scheduling, and achieves more acceptable task
scheduling. Firstly, it did not convert the requests to
binary code that come from users to the queue which
takes up a large storage space and is also difficult to
deal with. Secondly, it did not achieve stability in the
system, which is important in distributing cloud
resources.

Hatem® proposed a cloud hybrid adaptive strategy
for proper scientific scheduling problems (WS) that
are deadline and budget constrained. This problem is
solved by combining the heterogeneous earliest
finish time HEFT solution into the initial population
used by our approach to achieving the best execution
time and least execution cost, but the waiting time
was not considered into account.

Praveenchandar'’” a Dynamic Resource Allocation
method with enhanced job scheduling and improved

power management modules is proposed in this
paper. This is a new method for energy-efficient
scheduling tasks in cloud environments with
dynamic resource allocation. The job size and inter-
arrival time were considered in the proposed job
scheduling method. However, it is possible that
several of the tasks are similar in size and arrive at
the same time. The limitation of this method is that
the delay did not take into account how long the task
was waiting in the queue.

Singh et al.** suggested the merged the non-
dominated sorting and flower pollination using a
genetic algorithm (NSGA). The Google cluster
dataset is used to evaluate the algorithm. For both
static and dynamic situations metrics for
performance like utilization of resources, energy use,
and emissions of carbon values are computed.
Unfortunately, stability was not achieved.

In the following section, a tabular comparison of the
literature is presented as illustrated in Table 1. That
compares the performance metrics such as delay and
stability which are applied to assess the effectiveness
of the suggested algorithms.

Table 1. Comparison between the literature and the proposed paper

Ref. Year Method Stability Delay Limitation and Solution
12 2017 GA No Yes Increases execution and waiting time, so static
algorithms can be used such as round-robin to
decrease them.
13 2017  GA merged with No Yes GA with PSO algorithms are used for task
PSO scheduling, which are heuristic methods that take a
long time, it can merge them with static algorithms.
14 2018 GA No Yes There is a delay in the distribution of tasks and it
can be solved using a static scheduling algorithm
such as round-robin, in order to fulfill the stability
15 2018 divide and conquer  No Yes The waiting time is long, so could use a round-
robin, to distribute tasks to the VMs and reduce
waiting time.
2 2019  Adaptive genetic No Yes It did not achieve stability in the system, which is
algorithm (AGA) important in distributing cloud resources, so can
solve this by merging with a static algorithm such
as round-robin.
16 2020 Hybrid GA- No Yes Best execution time and least execution cost, but
with HEFT the waiting time was not consideration into
account.
17 2021 Dynamic Resource  No Yes The delay did not take into account how long the
Allocation task was waiting in the queue. It can solve by using
a static algorithm with it.
18 2023 NSGA No Yes The stability is not achieved so can modify it.
Proposed 2023 GA+RR Yes NO This paper solved the delay and stability problems.
paper
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The Proposed Cloud Resource Management
Algorithm

In this section, a cloud resource management scheme
is suggested, which is intended to be an extension of
existing cloud frameworks. The process of allocating
the various resources depends on intelligent
algorithms, which are the hybrid Genetic Algorithm
(GA) and Round-Robin (RR) as dedicated in Fig. 1.
Using GA would help in estimating the process
length to minimize average waiting time and then
apply the RR algorithm in order to not enter in a

deadlock case.

"

Receive requests from
the users

A 4

Convert the requests to
binary code

i v
Apply the GA to the

requests to calculate the
process length

h

Distribute the processes
to resources by using RR

End

Figure 1. Flowchart of proposed
management

resource

The relationship between the main algorithm and the
two procedures is:

It starts receiving the requests from users by calling
the fetch procedure and converting them into binary
code to make it easier to deal with them, then calls
the genetic procedure, here it starts collecting
requests and roughly calculating the length of tasks.
After that, go back to the main algorithm, and

distribute tasks to resources through the Round-
Robin implementation.

The proposed algorithm's steps are as follows:

Main Algorithm

1- Start

2- Call fetch requests from IOT (users).

3- Convert the requests to binary code.

4- Call genetic procedure.

5- Process the requests using the Round-Robin
algorithm.

6- Read the current status and save the user request
to the info predictive table.

7- End

Algorithm Fetch Request
1- Start
2- While online received requests from users (l1oT)
compare with the predictive table and update
save data
3-End

Algorithm Genetic Procedure
1- Strat
2- Start with the initial population for user requests
3- loop- until finish population or fitness

select operation, cross-over, and mutation
4- End
GA is performed by implementing the development
process in order to improve toward the best solution.
A genetic algorithm has the ability to determine the
best job sequence to assign to the processor. The
following steps are used by GA to perform its general
operations:

- Choose the population set's fixed-size
chromosomes that are represented by binary
codes.

- Perform any encoding procedure on the
chromosome sets'.

- Using their fitness value which is maxing job
time=10, choose the best two chromosomes
from the set.

- Cross two chromosomes and you will get two
different offspring.

- On those offspring, simply swap the bit
positions to perform the mutation operation.

- Continue until the population's optimal
solution is obtained.

- Finally performing the elitism operation of the
chromosomes means storing the best
chromosomes in the system.
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As shown in Table 1 pre_value represents the process
length for each job. After the GA is applied for the
IP addresses then the action is checked it is either
equal to “P” which is processed or is equal to “N”
which is mean normal. Then check if the process

Results and Discussion

This section describes the experimental findings of
the suggested hybrid GA-RR algorithm, beginning
with a depiction of the experimental environment.
The users send their requests in the form of loT data.
Each data is converted to binary numbers which have
the properties of file size.

length is greater than 10 ms; which must be less than
10, a RR algorithm is applied in order to avoid the
process entering a deadlock case that is due to
suspend the system.

Firstly, the user requests which are fetched as IP
addresses convert to 32-bit binary digits in order to
represent the chromosomes that the genetic
algorithm depended on it. As shown in Table 2.

Table 2. Predictive and real values differences

No. IP address Convert IP address to binary Pre value Real value Action
1 10:42:231:192 00001010001010101110011111000000 30 26 P
2 10:151:47:92 00001010100101110010111101011100 28 24 P
3 0:133:118:227 00001010100001010111011011100011 33 23 P
4 10:164:140:212 00001010101001001000110011010100 29 19 P
5 10:57:223:218 00001010001110011101111111011010 12 6 N
6 10:42:136:225 00001010001010101000100011100001 2 1 N
7 10:97:167:185 00001010011000011010011110111001 16 7 N
8 10:59:108:151 00001010001110110110110010010111 32 28 P
9 10:80:171:54 00001010010100001010101100110110 18 16 P
10 10:51:182:222 00001010001100111011011011011110 15 11 P
11 10:179:174:152 00001010101100111010111010011000 24 21 P
12 10:112:139:205 00001010011100001000101111001101 18 12 P
13 10:151:89:153 00001010100101110101100110011001 28 25 P
14 10:147:198:82 00001010100100111100011001010010 30 28 P
15 10:49:97:183 00001010001100010110000110110111 1 1 N
16 10:102:233:124 00001010011001101110100101111100 8 6 N
17 10:119:218:168 00001010011101111101101010101000 20 19 P
18 10:141:223:205 00001010100011011101111111001101 15 9 N
19 10:115:230:130 00001010011100111110011010000010 30 22 P
20 10:99:190:52 00001010011000111011111000110100 22 19 P
21 10:94:209:194 00001010010111101101000111000010 2 10 N
22 10:32:112:138 00001010001000000111000010001010 24 21 P
23 10:40:80:87 00001010001010000101000001010111 14 6 N
24 10:144:210:43 00001010100100001101001000101011 5 4 N
25 10:157:64:83 00001010100111010100000001010011 22 21 P
26 10:120:211:188 00001010011110001101001110111100 15 7 N
27 10:51:140:55 00001010001100111000110000110111 22 21 P
28 10:86:41:98 00001010010101100010100101100010 26 16 P
29 10:157:35:88 00001010100111010010001101011000 26 21 P
30 10:146:80:154 00001010100100100101000010011010 25 16 P
31 10:150:169:45 00001010100101101010100100101101 6 1 N
32 10:156:41:69 00001010100111000010100101000101 31 22 P
33 10:125:216:51 00001010011111011101100000110011 4 2 N
34 10:140:159:77 00001010100011001001111101001101 9 6 N
35 10:177:102:139 00001010101100010110011010001011 21 11 P
36 10:153:199:197 00001010100110011100011111000101 10 1 N
37 10:141:208:76 00001010100011011101000001001100 21 17 P
38 10:181:194:210 00001010101101011100001011010010 18 17 P
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10:86:190:201
10:43:163:229
10:41:78:43
10:113:137:161
10:80:216:124
10:110:150:123
10:38:182:171
10:128:128:187
10:121:105:57
10:74:146:80
10:83:203:162
10:81:89:182
10:139:163:213
10:125:165:207
10:105:193:70
10:152:154:81
10:85:125:73
10:145:35:237
10:95:87:188
10:120:82:96
10:79:151:196
10:61:222:131
10:92:44:116
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10:181:121:210
10:47:99:170
10:48:93:189
10:69:210:92
10:80:220:60
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10:141:177:44
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97 10:34:42:130 00001010001000100010101010000010 26 17 P
98 10:159:131:50 00001010100111111000001100110010 3 3 N
99 10:46:128:165 00001010001011101000000010100101 29 24 P
100 10:172:224:223 00001010101011001110000011011111 18 14 P
101  10:120:180:102 00001010011110001011010001100110 29 20 P
102  10:111:155:170 00001010011011111001101110101010 25 18 P
103 10:111:59:203 00001010011011110011101111001011 32 28 P
104  10:168:179:149 00001010101010001011001110010101 34 32 P
105 10:134:170:125 00001010100001101010101001111101 13 5 N
106  10:160:54:114 00001010101000000011011001110010 23 15 P
107 10:43:66:171 00001010001010110100001010101011 5 3 N
108 10:71:157:151 00001010010001111001110110010111 6 5 N
109 0:164:234:225 00001010101001001110101011100001 23 14 P
110  10:75:175:186 00001010010010111010111110111010 26 23 P
111 10:32:148:214 00001010001000001001010011010110 3 9 N
112 10:180:210:175 00001010101101001101001010101111 25 23 P
113  10:102:122:146 00001010011001100111101010010010 9 8 N
114 10:179:148:203 00001010101100111001010011001011 17 14 P
115  10:59:82:55 00001010001110110101001000110111 4 2 N
116  10:137:115:50 00001010100010010111001100110010 24 14 P
117  10:38:60:119 00001010001001100011110001110111 11 9 N
118  10:172:173:125 00001010101011001010110101111101 3 7 N
119  10:85:214:148 00001010010101011101011010010100 21 13 P
120 10:134:71:177 00001010100001100100011110110001 5 4 N
121  10:163:198:91 00001010101000111100011001011011 15 5 N
122 10:181:219:69 00001010101101011101101101000101 1 5 N
123  10:57:221:62 00001010001110011101110100111110 14 4 N
124 10:37:49:179 00001010001001010011000110110011 12 4 N
125 10:53:222:149 00001010001101011101111010010101 33 27 P
126 10:137:194:88 00001010100010011100001001011000 25 16 P
127  10:46:104:106 00001010001011100110100001101010 13 7 N
128  10:146:155:56 00001010100100101001101100111000 10 0 N
129  10:131:97:112 00001010100000110110000101110000 11 8 N
130  10:90:166:158 00001010010110101010011010011110 30 29 P
131 10:33:37:146 00001010001000010010010110010010 14 5 N
132  10:55:141:66 00001010001101111000110101000010 9 8 N
133 10:97:223:72 00001010011000011101111101001000 27 21 P
134 10:42:137:79 00001010001010101000100101001111 17 15 P
135 10:98:168:238 00001010011000101010100011101110 31 21 P
136 10:60:108:204 00001010001111000110110011001100 12 7 N
137  10:80:225:54 00001010010100001110000100110110 19 9 N
138  10:91:36:222 00001010010110110010010011011110 15 12 P
139  10:149:134:165 00001010100101011000011010100101 12 3 N
140  10:121:151:218 00001010011110011001011111011010 6 5 N
141 10:120:49:166 00001010011110000011000110100110 15 7 N
142 10:117:104:188 00001010011101010110100010111100 24 20 P
143 10:129:204:143 00001010100000011100110010001111 9 3 N
144 10:71:192:230 00001010010001111100000011100110 2 3 N
145 10:49:177:75 00001010001100011011000101001011 14 11 P
The graphic shown in Fig. 2 represents the values result, all of the solutions in the solution space
that were predicted using the genetic algorithm by are encoded as binary strings. This step is done
implementing the following steps: in 145 chromosomes (IP addresses).
- Generation of population steps: The genetic - Crossover: A crossover is a simple mechanism
algorithm operates on a fixed bit string that exchanges one part of a chromosome for
representation of each individual solution. As a another. The two-point crossover method is
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used in this paper to transfer parental genetic
material to children. The goal of this step is to
select the best-fitting pair of individuals for
crossover most of the time. The fitness value of
each chromosome is 10 process length. This
pool of chromosomes goes through a random
single-point crossover, where the portion on
one side of the crossover site is exchanged with
the portion on the other side, depending on the
crossover point. As a result, it creates a new
pair of people.

- Mutation: The mutation operation broadens the
search space by modifying a single
chromosome. The quality of the created
chromosomes is not especially good at the start
of the genetic algorithm. As time passes on, the
quality of the chromosome improves. In this
paper, a very low value (0.05) is chosen as the
mutation probability. This startup operation
assists the GA scheduling purpose in avoiding
local optimums and discovering various search
locations.
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Figure 2. Process predictive values

As illustrated in Fig. 2 The process lengths for the
145 processes range between 1 and 34 process
lengths, representing predictive values as a result of
GA.
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Figure 3. Process real values

As depicted in Fig. 3 The real values range from 1 to
32 for 145 processes. The final result is concluded
that there is little difference between predictive and
real values. This proves the importance of using the
genetic algorithm to find approximate values for user
requests. Where almost every time a user request is
this long. This is shown in Fig. 4, it is observed from
this experiment that the differences between the
process lengths of predictive and real values range
between 1 and 5 process length is 92 processes, the
process whose lengths between 6 and 8 are 28
processes, as well as, the process whose lengths
extends from 9 to 10 is 24 processes. This means that
the differences between the expected values and the
real values are very small, this benefit is due to the
use of the GA.
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Figure 4. Differences between the process lengths
of predictive and real values

In order to avoid a deadlock, which leads to system
instability, a round-robin algorithm is used, which
uses a time slice equal to 10 for each process. If the
process length is less than or equal to 10 then the
action is normal, else, if the process length is greater
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than 10. If the action is greater than 10 then the
round-robin algorithm is applied, because if the

Conclusion

There should always be a balance between not
delaying tasks for processing and system stability.
This balance is a problem for many researchers. In
this paper, an intelligent technique for resource
monitoring is suggested in a cloud computing
environment depending on hybrid genetic and round-
robin algorithms. The monitoring problem is
important in cloud resources management. In this
method, process length is utilized as a fitness
condition for proving the fitness of the monitoring
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