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ABSTRACT

Fog Computing is adopted, which enhances the exchange of confidential information to distributed
systems without interruption. Fog is identical to cloud computing; however, the only difference is that it
is accessible to the data owners to manage and reply to the user in less time. Furthermore, it is useful for
broadcasting applications in real-time, sensor networks, the Internet-of-Things demanding the maximum
network performance, and the Internet's trustworthiness. One of the critical features of fog computing is
resource distribution. In this paper, researchers introduced a lightweight of resources management for
fog computing. Initially, the author normalizes the characteristics of resource management and normalize
the data. Next, fog computing recommends a dynamic method for scheduling resources based on the fuzzy
logic controller theory. Outcomes demonstrate that the proposed method enhances cloud computing's
resources management efficiency and quality of service.

INTRODUCTION

A significant number of domains are used for cloud computing. However, with the invention of the
Internet of Things, several more problems occurred in cloud computing. The delay-sensitive cloud
computing and location-conscious applications with many distinct forms of [oT systems, on the one
hand, cannot cooperate fully, and cloud computing applications, on the other hand, cannot be

developed frequently because the design costs are too high.

The IoT devices increase significantly in sufficient quantity for information processing volume in the
next few decades to be passed into data centers for data processing. (i.e., CISCO forecasts the annual
global data center IP traffic of 50 billion connected devices to 15.3 ZB by the year 2020 (Cisco, 2015).

If IoT always controls the considerable number of devices and data using the recent cloud computing

1 emrahduyul@hotmail.com, Bakii / AZERBAIJAN
2 orkun2019@hotmail.com, Bakii / AZERBAIJAN
3 erbayduyuler01@gmail.com, Samsun /TURKIYE
4 yusuf.baysal001@gmail.com, Mugla/ TURKIYE
Volume: 4, Issue:16, October 2023

issjournal.com

Work published in issjournal is licensed
under Creative Commons Attribution 4.0.
http://dx.doi.org/10.54603 /iss.194


https://orcid.org/0009-0006-9406-3441
https://orcid.org/0009-0008-8093-2540
https://orcid.org/0009-0003-7727-9206
https://orcid.org/0009-0004-6371-258X

approach, it caused delays and congestion in the computer system. Fog computing was recommended

in 2012 by CISCO on the basic principle of such challenges Bonomi et al. (2012).

Industry 4.0 has digital prototype parts and components; many devices, like a mobile robot, or a chain
drive, could also be used in the whole manufacturing process to start manufacturing each phase. In
each of fog devices, the sensors are used to collect information on the status of the real-time basis and
afterwards identify false alarms and exceptions. There is insufficient management bandwidth for
existing automation systems; sometimes, there is even an absence of computational resources. To
achieve supply chain response time, computationally intensive activities, for comparison purposes, in
real-time state evaluation and fault detection are always provided to data centers. Network nodes
perform together in the increased automation of the manufacturing process. Because one of them
continues to fail, the whole production process is disrupted. For illustration, a mobile robot problem
can occur in defective products or even prevent the manufacturing process's development without

instant response.

Each device could perhaps access its sensor data to a high-performance cloud service to minimize the
impact of hardware errors. On a server, the applications investigate information in real-time and
instantaneously decide things that are suitable for a backup repository or alerting check and
maintenance professionals. If fog computing could instantly forecast failure (i.e., the sensing data
posted by the automaton is studied in virtual situations) and the respective maintenance people are

made aware promptly, a derailment may be avoided during the manufacturing process.

Automation, networking, and storage resources are presented by Fog to the sensor that requires cloud
services and can promptly solve problems. Different devices import sensor data to neighbouring fog
nodes, sensing data from these fog nodes, and adapting to research findings. However, current fog
nodes have restricted data analysis, network, and storage resources. A few other components were
included in implementation in the fog environment. The FD components can perform a wide range of
computations, filter data to eliminate inappropriate objects, and provide data with a label
(Satyanarayanan, 2009). The FDs provide the resources for programming interfaces as Micro Data
Centers (MDCs). The MDC will enhance resource productivity to optimize the distribution of
computing components (CCs) to process modules (Gupta and Ghrera, 2016). The resource schedule
in fog computing identifies resources in a given exchange to components. Because a fog design has
more than enough resource management and components, the process is a critical, challenging issue.

A percentage of QoS parameters Rodriguez and Buyya (2014) is the core of the allocation of resources.

This article provides a dynamic process of resources management predicated on the idea of a fuzzy

logic controller. This research suggests the following findings as observes:

(1) A resource management system fog computing.
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(2) A resource requirement method is implemented an essential role in the long and continuous
available resources.

(3) In the resource development process, Fuzzy logic control methodology is introduced to determine
the resource scheduling. The theory classifies users’ requirements and resources in several resource
clusters and user-friendly manufacturing technology, significantly improving the QoS for cloud
computing reliability.

The rest of the paper is organized. Section 2 deals with the conventional practice of resources
management and related research. The proposed model based on fuzzy Control is shown in Section 3.
Section 4 provides an integrated dynamic strategy for time management. In section 5, experiments are
performed, and the results are investigated. Eventually, the complete paper ends, and the possible
improvements are described.

Related Work

Bonomi et al. (2012) which have introduced the fog compute economic model, have highlighted that
fog computing is a virtual server service that delivers computation, networking, and storage providers
between terminal devices and classical cloud computing network infrastructure at functional
requirement specifies, commonly but not primarily. The investigation is Fog Computing, and various
researches decided to focus on layout, architectural design, and management of resources. Based on
the previous work Bonomi et al. (2011), Vaquero et al. (2014) have described fog computing as a sort
of situation in which interconnected, and decentralized (Wi-Fi/perhaps autonomous) devices can
communicate and possibly collaborate, during which a network performs scalability activities without
the involving a third party. Activities can accept network layer functionalities and unique application
services allowed to run in a virtualized setting, and benefits are provided to clients leasing parts of
their devices to support these service providers. Several studies Bonomi et al. (2011), Li et al. (2018)
have suggested applications to fog computing to comply with any of these classifications, which include
home automation, smart cars, smart grid, wireless sensor networks. Moreover Mukherjee etal. (2017),
Wang et al. (2015) illustrated real problems and limitations, including the availability of virtual

technology, security and privacy problems, and access control.

Traditional programming methods are easy to use. Each provider offers a few heterogeneous VMs and
global data-sharing cloud storage in designing multi-level, time-consisting empirical workflows
Malawski et al. (2015). An initial overall time in which costs and cost-effective objectives are
configured is a schedule changes technique. In Durillo and Prodan (2014) compared a business
network as a cloud storage service. The Pareto Front has been used as a tool to help decide the trade
between practical approaches. The planning costs were reduced by half, but the cost increases by 5%.
Because of the best value point VM, this technique has a significant disadvantage. In Zhu et al. (2016)
proposed network issues based real-time user experience scheduler. Basic principles in their

algorithm are an opposite transformation, the boost of resource management, and the significant
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decrease in resource management use, as appeared differently concerning other significant
techniques. In Poola et al. (2014) the fault-tolerant task routine is assumed by buying a strategic plan
for spot VMs and the maximum time for on-demand cases. Fuzzy systems address things with a system
of restrictions. The classical methodologies also include the first, best, and the worst fit. The cloud, fog,
and edge providers Li et al. (2019) with heuristic algorithms. Pham and Huh (2016) the activities
configured by genetic algorithms, which includes the cost of effort and engagement of processes. The
outcomes emphasize the significance of the methodologies is better performance and reduction. In Sun
et al. (2016) a cluster-based coalition game for fog-filled access networks is suggested. With the
distributed user scheduling algorithm, it optimized the network performance. A dynamic algorithm
Chen and Wang (2017) with queue length and throughput parameters is another method for a
vehicular cloud system. The Markov server system has designed and represented activities on the

stochastic Petri network and OpenStack.

In Zahaf et al. (2017) a probabilistic phase is introduced to improve power utilization by linear real-
time work in a heterogeneous environment. In this investigation, dynamical programming is used to
choose the frequency and to assign threads. The research schedules challenge in a cloud fog model was
analyzed by Pham et al. (2016). A hash function was recommended to balance the optimum time of
completion and cloud services' resource limitations. Zeng et al. (2016) viewed an efficient approach
represented by fog development tools and tested different tasks connectivity problems. These
significant issues were designed as a non-linear web development multi-integer challenge to achieve
better knowledge and experience, and the study proposed a cost-effective multi-objective evolutionary
business model for processes. In fog computing devices based on Priced Timed Petri Nets (PTPN), Ni

etal. (2017) recommended allocating resources strategic plans.

Furthermore, this PTPN task approach was established depending on the characteristics of fog
resource management. The algorithm proposed can be significantly greater than static application
methods, along with a particular fog computing computer system, some of the above data analysis
resource allocation mechanisms. Moreover, a few researchers have incorporated optimization
algorithms for resource management. In Luo et al. (2012) investigators have been using fuzzy cluster
analysis to improve resource management in complex hardware/software. The system has been
evaluated in a designed physical model and can reliably plan task resources. In Rattanatamrong and
Fortes (2014) resource management's objective function for real-time ensemble systems was
suggested as a faulty reasoning feedback scheduler. It presented all the meta-analyses in virtual
environments while significantly reducing the system of available resources and complexities.
Masmoudi and Hait (2013) suggested a technique that would ensure uncertainty at all phases of
developing the modelling techniques and finding solutions protocol by analyzing fuzzy modeling work
of the challenge control triggered by the fuzzy business model. The process is being used for the

servicing of civil-military planes and was successful.
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The abovementioned surveys effectively improve resource management from distinct viewpoints
through alternative techniques. Clients enhance the accuracy of the execution of tasks. Standard QoS
requirements such as cost, Bandwidth, and completion times are encountered, but there is no need to
consider some extended QoS specifications like system friendliness and user interface. But since these
enhanced QoS requirements play a significant role for a client in choosing if several participants are
typically enough to implement cloud computing correctly in maintaining with the challenging
behaviour. They often develop an erroneous demand based on the complexity of the job. The way to
address such fluid requirements is a crucial illustration of cloud computing friendliness. The research
aim of this section was about how to focus on improving system friendliness. The paper also presents
the flowing logic and feedback control system into the cloud computing strategic plan for planning
resources and conceptual frameworks the user model and resource allocation method.

The Proposed Approach

System Model

Fog Computing Design has a typical example of cloud, edge, and sensor nodes. Sensors are situated at
the architectural design base in the reduced geographical area and then forward collected data via
gates to the highest management. Productive bars at the initial stages of the fog production process
describe or reconfigure the environment. Throughout this fog network process, data is sensed and
distributed, and fog devices are transmitted, a request is categorized into many components, and
resources are allocated for their implementation. Applications are being used to collect and analyze

MDC information and evaluate and methodology data sets.

The data received is processed or sent to the cloud in Figure 1. The fog devices and unique products
demonstrate this. An MDC that detects, sensors and stores the data received from the sensors is a fog
device. The fog device features encompass a million instructions per second (MIPS), RAM, throughput,
frequency band down, route level number, MIPS level, authority in the busy scenario, and stagnant
energy. Including anchors as {Anchori, Anchors,...,Anchor,}, each fog device. The features of an anchor

include RAM, Bandwidth, storage, and Computer Components (CC).

N
FBiow < Z AB; < FByign
i=1

where,

FB - Bandwidth of Fog Computing
AB - Bandwidth of Anchors

FB;, — Lower Bound of Bandwidth
FBpyign- Upper bound of Bandwidth
AB; - itt Anchor Bandwidth

N - Sum of Anchors
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The overall Bandwidth of all anchors in individually fog device is between FB;,,, and FBy;g4. CC of
anchors is assigned and performed with fog nodes to software modules. MIPS is the primary
component in a CC. The significance sets for all fog node at the beginning of the procedure. The
combined granted MIPS of all CCs is verified after a CC is assigned to a control system application.

Thus, we have CGM = ¥V | Z] 1 CEM; ;, where CGM is the combined granted MIPS of a fog device that

i,j
is <= to MIPS of that fog device (CGM < FDMIPS), and CEM is the CC’s MIPS.
N - Number of Anchors

M - Number of CCs in an Anchor

CEM; ; - MIPS of jt CC in i*" Anchor

The application module is a type of VM. The MIPS Properties of the configuration also provide MIPS,
size, Bandwidth, and percentage of the CCs properties to cooperate. In each fog device, the simulation

time is significantly higher than the CCs. In fact, ¥, Module; > 25-(:1 FD;, where C is the overall

number of elements, and K is full of fog devices.

» \ Cloud Layer

Devices

Model of User Entity
The client is the entity that rents cloud storage by threshold and problem to solve confirmation. The
user settings can be shown as Users = {Uy, U,... Uy}, U; The following six tuples can be highlighted as
a service attribute that owned the cloud

U; =< Uip, Uname, USL, Ujops, Upos, Usec >
U;p - Cloud Services User Entity Tag for CSP
Uname - Friendly classification of the User Entity

USL - Level of User Service
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SL - Service Level
SL = {Tier I, Tier 11, Tier 111} Criteria for the user's billing tasks.
Ujops - Collection of the task request and a collection of the job. Identify the user's location
Use. - Level of security of user data has been mentioned
Model of Task
Also, objectives are identified to characterize the task model: Parallel function by several jobs to
interact regularly. Each activity controls the virtualization resources. To verify that all activities in the
schedule are performed, preventing the work component and reducing the energy cost. The tasks
introduced are being exposed Tasks = {Task,,Task, ... Task,}, task, can be exposed by the
subsequent tuple:
< Tip) Trypes Tren> Tres» Tart Tawr) Trasks >
T;p - Unique Value of Task;
Trype — Classification of j#obs
Trype = {Small | Tpe, € [0, Max — 1]}, Tryp = {Large | t € [Max]}
Tpen = |trasks| Job Length
Trqsks — Set of Tasks in lively, Tj,ps = {Joby,J0b,,...Job}
Tgres - Minimum Set of Resources
To study process cost and presentation, the limitation t,,; Symbolized job’s Average Response Time
that is the time from the job into the job scheduling line to execution. Displays job’s Average Wait Time,
that is, the time since the job into the scheduling line to activate the line.
Model of Resource Management
Computational and storage managements are managed and configurable (e.g., networks, servers,
storage, etc.).
Model of Resource Management demonstrations Resource = {Ry, R, ... TR,}, resource total number
P = |Resource]|,  is the following tuples:
Ry = < Rip, Rsuppiy, Rryper Rcompr Rmems Rstor» Rio) Rnet) Rpos >
R;p —Unique Resource ID
Rgyuppiy - Resource’s Provider
Rrype — Type of Resource
R¢omp-The processing Volume of Resources
Ryem - Availability of Memory Management
Rgor - Storage Size of resources
R;o - 10 Size
Ryt - Bandwidth

Rp,s — Information Geographical Position
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Resource Scheduling Algorithm Design
The resource index in the development process is significantly decreased after a sensible division of
fog resource management. The specifications of user groups can be divided into the following
classifications. The primary users are linked with resource management in the class after searching
for the proper resource classification. To complete the resource schedule, this article utilizes minimal
weight interaction to reach it.

Rank = Total (Result (Reqi- Rset; ) * Weight; ) /Total (Weight; )
Where,
Req, represents the attribute of the user’s needs,
Res; represents the attributes of the resources, and
Weight;represents the weights of the attributes
Varying resource requirements for multiple users. They can be divided into computation
requirements, bandwidth needs, and memory size for different task desires. Each phase involves, like
resource management, three attributes, each takes a unique weight. The element needed by the system
and the resource attribute together are approximated in the above methodology, and the user is
assigned the most significant score in the resource routine.
The resource sequence-dependent setup pseudo-code for Fuzzy Control (FRSFC) Method Fog resource
management resource allocation is as shown in:
Algorithm 1: FRSFC
Input: Resource Set {Rset1, Rset2, ..., Rsetm}, Job Set {Job1, Job2, ..., Jobn}, n,@, M
Output: Ranking, Similarity Result
: Process the Original Data
: Perform the Resource Clustering on Resource Set
: RConRS (M, L) — User and Resource Clusters
: Res (s)=size(R)
: U =RConRS(m)
:Do Until Test< 1

N O U W N e

: Test « Test+1

8:x) «x

9: Process xn
10:Forl=1—-1Do
11:Forj=1->mDo

12: Space (k,i) = Sp (Info (j,:)
13: End

14: End

15: Measure xJ
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16: If Result (xJ -x, data) < ¢ Then
17: Break
18: End If

19:x < xJ

20: End While

21: Obtain Resource Categories

22: Measure Rank (Reqj, Rsetj, wj)

23: Rank = Total (Result(reqj - Rsetj)+Weight;)/Total (Weight;)

24: Return Similarity Measure S

Experimental results from Fog Resource Scheduling using Fuzzy Control (FRSFC)

Researchers compare the resource distribution level of various methodologies with the reliability of
FRSFC's allocation of resource management. Authors assign goals for different lengths of activity to
various virtual servers here. Figure 2 illustrates the velocity with which the CPU is being executed on
many edge machines. The figure represents the FRSFC schedule to accommodate the available
resources to correlate connected devices, based on the activities' length. If the task length is longer,

the virtual machine's implementation speed boosts.

The phenomenon is unique from other methodologies because when ALGM 3 and ALGM 2 could adapt
faster as FRSFC to the tasks' duration. In order to have access, the ALGM 1 could perhaps react to the
specific features. When five virtual machines exist, the following figure 3 shows the work time using
new objectives. The period to perform the job is the maximum when ALGM 1 is accepted. The possible
explanation for this is that activities are distributed orderly to virtual servers and trigger the lack of
supply and wholly inadequate resource management use. ALGM 2 enhances the efficiency of the task
and reduces the execution time compared to ALGM 1. Nevertheless, processes are not identified,
resulting in simplistic activities and resources being improperly used following best practice virtual

machines.

When ALGM 3 is decided to adopt, the processing system's resources are incorporated in step with the
length and the aggregate processing time problem significantly reduces between virtual machines. The
execution time will be reduced when FRSFC is decided to adopt. The reason behind it is that FRSFC
adopts automatically manages the resource availability between virtual machines; however, according
to demand, it significantly decreases the computational cost and dramatically reduces the timeframe

between computers.
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Comparison of resource scheduling among VMs

I Algm 1 Algm2  Algm 3 [l FRSFC

300

200
100 J I I I | | |
VM1 VM2 VM3 VM4 VM5

Figure 2. Running CPU speed on respective virtual servers

Comparison of Execution Time among models based on
number of VMs

[ Algm1 [ Algm2 | Algm 3 FRSFC

800
600
400
200
1 2 3 4 5

Figure 3. Task time using practical scenarios if five VMs are configured

This article identified the performance of resources management in fog computing. Initially,
researchers clustered the fog resources, which mostly reduces the array of the analysis phase. The
FRSFC technique is also recommended to find out the scheduling of resource management. Ultimately,
from the experimental investigation, a higher accuracy rate than that of the other algorithms was seen
in this manuscript. Moreover, the FRSFC suggested technique may faster match user requests and
significantly improve data quality with developed management classifications. Authors will
understand dynamic resource transformation in future work and introduce a suitable timetable

strategy to improve resource use and resolve user issues.
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