e-ISSN: 2319-8753 | p-ISSN: 2347-6710

International Journal of Innovative Research in
SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL JI)URNI![
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

Volume 10, Issue 10, October 2021

NUMBER
INDIA

‘ ‘INTERNATIONAL
STANDARD
'\ \““‘“ Impact Factor: 7.569

0 9940572 462 (O 6381907 438 = ijirset@gmail.com . www.ijirset.com



International Journal of Innovative Research in Science, Engineering and Technology (IJIRSET)

L)
ﬁj‘g‘:ﬁ |e-ISSN: 2319-8753, p-ISSN: 2347-6710| www.ijirset.com | Impact Factor: 7.569| A Monthly Peer Reviewed & Referred Journal |

|| Volume 10, Issue 10, April 2021 ||

| DOI:10.15680/1JIRSET.2021.1010117 |

An Improved Fuzzy-based Meta-Heuristic for
Optimal Load Balancing in Heterogeneous Cloud

Brototi Mondal

Assistant Professor, Department of Computer Science, Sammilani Mahavidyalaya, Kolkata, West Bengal, India

ABSTRACT: A new paradigm for the delivery and consumption of internet-based services and protocols is being
fostered by cloud computing. It offers large-scale computer infrastructure that is defined by consumption, as well as
highly flexible infrastructure services that can be scaled up or down in response to customer demand. One of the
primary objectives for cloud service providers is to achieve QoS and promptly satisfy end customers' needs for
resources. This makes it extremely difficult to choose a suitable node that can fulfill end users' tasks with quality of
service. Load balancing, then, refers to the equitable distribution of dynamic workload among several nodes in a
distributed context in cloud computing. This study presents a unique hybrid approach integrating the principles of Ant
Colony Optimization (ACO) with Fuzzy Logic, to enhance load balancing in cloud environments. Unfortunately, the
traditional load balancing techniques are rendered useless by the sheer volume of requests handled and servers that are
accessible at any given time. The suggested algorithm takes into account the cloud's response time and load balancing
goals. The CloudAnalyst has been used to simulate the suggested load balancing technique. In a typical example
application, the experimental result outperformed several existing Ant Colony Based strategies, conventional
techniques such as Round Robin (RR), Simulated Annealing (SA), and Genetic Algorithm (GA).

KEYWORDS: Cloud Computing, Load Balancing, Fuzzy logic, Meta-heuristic, Ant Colony Optimization.
I. INTRODUCTION

Cloud computing is the process of distributing storage and computational resources among several data centers, with
internet connectivity being the means of accessing cloud-based services. The primary goal of cloud computing is to
bring about economies of scale while also enabling low-cost access to large amounts of processing power and storage
space (Rajkumar et al., 2013) Different data centers situated in disparate geographic locations are managed and
operated by cloud service providers. Although cloud computing has a bright future, several important issues are still not
resolved. Load balancing makes sure that every processor or resource in the cloud is performing roughly the same
amount of work at all times by distributing the total local load evenly over the cloud. This keeps resources from being
underloaded—i.e., operating at a low capacity—while others are fully used. A suitable load balancing algorithm should
be environment-adaptive and dynamic in order to achieve the requirements (Alazzam et al., 2019). Cloud load
balancing is the procedure used to distribute workloads, storage, processing power, and computing resources. Cloud
load balancing is implemented using a variety of methods, such as load-balancing algorithms and scheduling (Ghomi et
al., 2017). Essentially, Ant Colony Optimization (ACO) is a problem-solving approach derived from the way ants
navigate to find the best routes from their nest to food (Ergu et al., 2013). The purpose of this study is to build a fuzzy
module for calculating pheromones and to optimize the ACO algorithm's parameters. The factor that the suggested
method seeks to optimize is response time. The efficacy of the suggested method in comparison to earlier algorithms
was validated by the various simulations carried out in the CloudAnalyst simulator.

The remainder of this paper is organized as follows: the review of relevant literature on load balancing is condensed in
the Section 2. The objective of the study is covered in Section 3. The methodology and the proposed Fuzzy-ACO load
balancing method is described in Section 4. Section 5 contains the simulation findings. The last part summarizes the
analytical part of the current study, addresses its shortcomings, and suggests future research on this field.

II. LITERATURE REVIEW
Recently, several scheduling techniques have been put out to balance load and improve QoS measures. Ergu et al.
(2013) devised a comparison matrix approach that allows for pair wise task comparisons. To expedite job completion,

the chosen task was scheduled first. Load balancing was accomplished by Florence et al. (2014) using proactive task
scheduling. They improved scheduling by using the firefly method, which maximized resource utilization. The notion
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of the game theory has been used by the authors in the research study (Bui et al., 2017) to define a virtual machine
provisioning policy that ensures an ideal condition of load balancing. An enhanced ACO method was presented in the
publication (Yang & Zhuang, 2010) in order to effectively handle the mobile agent routing problem. Some
characteristics of the suggested technique include a positive feedback process and resilience. Two methods based on ant
colony optimization were suggested by the authors of the paper (Gonzalez et al., 2017), enabling community search
functions depending on the information sources that are accessible. The conducted trials have shown that the algorithm
with an ACO topology orientation is better suitable for the community research scenario. Dynamic min-min scheduling
and dynamic cloud list scheduling are two dynamic scheduling methods that are included in the optimal resource
allocation mechanism proposed by Li et al. (2017). The resources' information is updated dynamically, and scheduling
is done in advance. The expanded bee algorithm in (Verma et al., 2014) mimics the feeding habits of honey bees by
applying a divisible load scheduling theory.

III. LOAD BALANCING IN CLOUD COMPUTING

The idea of load balancing in computing refers to the distribution of workloads among several computing units. By
maximizing throughput, minimizing response times, optimizing resource utilization, and preventing overloads, load
balancing seeks to improve performance. In cloud, load balancing is mostly accomplished at the scheduling level and
uses scheduling and load balancing techniques. In this article a novel cloud load balancing technique using the
fundamental foraging behaviour of an ant, known as "ant colony optimization," is prompted by Dorigo and
Gambardella (1997) to choose the optimal and shortest route from their nest to their food. Ants leave a chemical trail
known as pheromones behind as they travel from their nest to food or the other way around. Ants first select pathways
at random. The probability that a single ant will select a certain route from a variety of possibilities, always based on
past trails. The likelihood that an ant will be able to distinguish the best possible path from a variety of options depends
on the pheromone concentration along each path. Denser pheromone therefore draws in more ants. The process that
ultimately aids ants in discovering the best course is essentially a positive feedback system. The adopted Ant Class
explains the steps involved in the suggested Fuzzy ACO algorithm, such as the pheromone update and the fuzzy logic
based module that assesses the quality of the destination node. Every time there is an iteration, ants begin searching for
the ideal state that ensures the optimum load balancing level and the fastest reaction time. Every ant must visit every
node that is accessible. The capacity of every node that is available, the desirable qualities of every path, and the
network load balancing are all used to determine the best option. A fuzzy logic module does this evaluation by
calculating each node's pheromone level based on its available memory, CPU, and bandwidth.

IV. PROPOSED METHODOLOGY

The proposed the Fuzzy-ACO algorithm has two key stages. Initially, it identifies the local solution, optimizing virtual
machine allocation. Subsequently, it updates the pheromone matrix, prioritizing available servers and avoiding
unavailable host machines. In each iteration, ants update both the pheromone p(a, z) and P, (a,z) probability values.
The calculation of the pheromone value p(a, z) utilizes fuzzy module, eq.(1) and eq.(2),

1

O(A,2) = eq.(1)

TotalCost

1

8(8,2) = ———————— e, eq.(2)

TotalCloudLets

The ants then use a probabilistic function to choose the next step to move after each step, one by one.
The computation of the probability P for ant x, positioned at node a, to transition to node , follows eq.(3),

_ [p@2)] [0@2)]f[5(a2)]*
P (@2) = 5 Lo e@olfb@ne

where, a, 3 and y are weights with values between O to 1.
The proposed Algorithm:

Step 1: Randomly initialize a population of ants, each with a unique pheromone value, then arrange them in a random
traversal pattern.
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Step 2: Execute the following steps either when the highest number of iterations is exceeded or an optimal solution is
obtained:

Step 3: On the initial nodes, the ants are positioned.

Step 4: Each individual ant attaches a process for state transition, which aids in the gradual construction of a solution
and the concurrent updating of local pheromone levels.

Step 5: Continue to formulate the solutions of all ants.

Step 6: Assess the pheromone levels using the fuzzy logic based module.

Step 7: Continue updating the overall pheromone levels based on the preset rules until the condition for closure is met.
Step 8: Test for the end condition.

V. EXPERIMENTAL RESULTS AND ANALYSIS

Using the simulation tools CloudAnalyst, a scenario of "Internet Banking" for a global bank is used to model the
proposed Fuzzy-ACO algorithm. CloudAnalyst does a GUI-based simulation using CloudSim's features. A simulated
setup has been created using CloudAnalyst, where the globe is segmented into six "Regions," each aligning with a
major continent. Six "User bases" represent user groups corresponding to these continents. A uniform time zone is
applied to all user bases, with fluctuating numbers of registered users online during peak hours. During off-peak hours,
only a fraction of these users, specifically one twentieth, are assumed to be online. Table 1 provides specifics regarding
the user bases utilized in the experiment. Each virtual data center in the simulation contains a specific number of
dedicated virtual machines (VMs) for the application. Each machine is standardized with 100 GB of storage, 4 GB of
RAM, and 4 CPUs. Additionally, each CPU is equipped with a power capacity of 10,000 MIPS.

Table 1: Simulation environment setup

Serial User Base Region Users online during peak hours Users online during off-
No. peak hours
1 UB#1 North America 5,00,000 85000
2 UB#2 South America 520000 100000
3 UB#3 Europe 400000 64000
4 UB#4 Asia 900000 100000
5 UB#5 Africa 880000 15000
6 UB#6 Oceania 220000 35000

Various experimental scenarios are explored, beginning with one cloud Data Center (DC). In this setup, all user
requests worldwide are handled by this lone DC, with allocations of 25, 50, and 75 VMs of Cloud Configuration (CCs)
for the application. Details of this simulation environment, along with the measured average Response Time (RT) in
milliseconds for Fuzzy-ACO Algorithm (Fuzzy-ACO), traditional Ant Colony Optimization (ACO), soft computing
approach Genetic Algorithm (GA), local search technique Simulated Annealing (SA) and Round Robin (RR)
scheduling algorithms, are outlined in Table 2. Analysis of the performance is visually represented in Fig.1. Table 3
describes two DCs, having each with varying combinations of 25, 50, and 75 VMSs.. The comparison of performance
illustrated in Figure 2. Following the initial setups, the experimentation extends to include three and four Data Centers
(DCs). Each DC configuration includes combinations of 25, 50, and 75 VMs for each CC, detailed in Tables 4 and 5,
respectively. The performance comparisons for these configurations are visually represented in Figures 3 and 4,
respectively.

Table.2. Setup of simulation and RT calculated in milliseconds (ms) utilizing a single DC

. RT using . . . .
Serial. . . RT using RT using RT using RT using
CC |DC specification| Fuzzy-

Number ACO(ms) ACO(ms) GA(ms) SA(ms) RR(ms)
1 DC with

1. CC1 25 VMs 327 3274 328.75 329.02 330.05
1 DC with

2. cC2 50 VMs 327.01 327.2 328.42 329 329.55
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Fig.1. Performance evaluation of the proposed Fuzzy-ACO alongside ACO, GA, SA, and RR results employing one

DC
Table.3.Setup of simulation and RT calculated in milliseconds (ms) utilizing two DCs
Serial RT using Fuzzy-| RT using RT using RT using RT using
: CC |DC specification ACO(ms) ACO(ms) GA(ms) SA(ms) RR(ms)
Number
2 DCs with
1. CCl1 25 VMs each 358.7.3 359.5 360.77 365.44 376.34
2 DCs with
2. cC2 50 VMs each 353.78 354.7 355.72 360.15 372.52
3 ccy | 2DCswith7s 353.87 354.76 355.32 359.73 370.56
VMs each
2 DC swith
4 CC4 25.50 VMs 349.05 348.55 350.58 356.72 368.87
2 DCs with
5 CCs 25.75 VMs 347.85 348.32 351.56 357.23 367.23
6 | cce |? DCS\‘;’;}IISI 0751 349,65 351.65 352,01 357.04 361.01
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Fig.2. Performance evaluation of the proposed Fuzzy-ACO alongside ACO, GA, SA, and RR results employing two
DCs

Table.4. Setup of simulation and RT calculated in milliseconds (ms) utilizing three DCs

Serial RT using RT using RT using RT using RT using
Number CC |DC specification[Fuzzy-ACO(ms), ACO(ms) GA(ms) SA(ms) RR(ms)
DC with
1. CC1 25 VMs each 346.23 348.65 350.32 356.82 363.34
DC with
2. cC2 50 VMs each 347.46 349.42 350.19 355.25 363.52
3 ccy |PC ng;;f VMs 342 343.76 346.01 350.73 361.56
DC with
4 CC4 25.50.75 VMs 342.5 344.34 345.98 350.01 360.87
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Fig.3. Performance evaluation of the proposed Fuzzy-ACO alongside ACO, GA, SA, and RR results employing three
DCs

Table.5. Simulation scenario and the overall average response time (RT) calculated in milliseconds (ms) utilizing four

DCs
SL RT using Fuzzy- RT using RT using RT using RT using
No CC| DC specification ACO(ms) ACO(ms) GA(ms) SA(ms) RR(ms)
1. icc1| P Wi:j;cth VMs 345.3 346.7 348.85 354.35 360.95
2. ey PC Wi::l;io VMs 340.14 342.3 345.54 350.71 359.97
3 lccs| P€ Wig;;f VMs 334.7 337.4 340.65 346.46 358.44
4 {cca 25237‘?{,}‘1\48 330.12 334.34 337.88 34431 355.94
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Fig.4. Performance evaluation of the proposed Fuzzy-ACO alongside ACO, GA, SA, and RR results employing four
DCs
VI. CONCLUSION

Load balancing poses a significant challenge due to its NP-hard nature, rendering finding an optimal solution either
infeasible or impractical. This paper introduces a soft computing approach leveraging Ant Colony Optimization and
Fuzzy Logic to initiate load balancing within a cloud computing framework. Through a comprehensive analysis, the
recommended load balancing strategy not only surpasses several other strategies but also ensures adherence to the
Quality of Service (QoS) requirements of customer jobs. Experimentation findings indicate that the proposed load
balancing technique outperforms existing optimization algorithms. Notably, the absence of fault tolerance
considerations in this study and the assumption of uniform job priorities may not reflect real-world scenarios. However,
it is feasible to incorporate fault tolerance considerations and account for diverse function variations while calculating
pheromone values.
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