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Abstract: Cloud Computing has become a spearhead in the field
of industries and academia. As far as the IT Industry is
concerned, it is pioneering the peculiar domains of clustering,
virtualization and grid computing. Traditionally, the complex
computation nowadays, demands abundance of resources and
computing facilities to perform operational tasks. Cloud
computing provides user a new wave in procuring available
resources. To scale up the capacity, task scheduling has been
emerged as one of the key features of Cloud Computing. Though
it is considered as NP-Hard problem, yet numerous researchers
and authors have tried to reap out the effective and implementable
results for scheduling of tasks to different virtual machines.
Meta-heuristic techniques have been embedded to obtain nearly
optimal results in the previous studies, still loopholes are lying in
the consideration of multiple QoS parameters. In this paper, PSO
approach has been modified by manipulating parameters based
on the QoS factors from the very initial stage. Instead of
considering the population randomly, MIPS and Bandwidth
factors have been inculcated to refine and adjust the parametric
structure as well as for balancing the load more efficiently. The
experimental setup shows that the proposed algorithm works
fairly well in assigning the upcoming tasks, henceforth, resulting
in reduction of execution time as well.

world. Numerous factors namely, computation power, cost
savvy, storage space, security, increased collaboration,
scalability and information sharing etc., contributed this
domain to grab such attention.
Cloud Computing, being a buzzword in the market, is
definitely leading to a new horizon for bringing the evolution
and changes in several concepts such as IT management,
virtualization, grid as well as distributed computing
environment, resulting as the solution for scalability,
reliability and security concerns of the users [33]. As depicted
in Fig. 1, it is an Information Technology resource [34][35]
comprising of applications, infrastructure, storage, services
such as IaaS, PaaS, Saas and so on, those are not locally
available, yet leveraged by an Enterprise over the Internet.
This computing paradigm has dynamicity as well as it is an
Internet-based service on an on-demand basis, nevertheless,
different organisations have different needs, therefore, cloud
is always subjected to various Quality of Service parameters
[28-31] and the concept of Load Balancing [3][4].
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INTRODUCTION

Internet

Scheduling involves an optimal resource allocation in definite
time duration to attain desired QoS values. The resource
scheduling is done keeping in mind various constraints,
eventually resulting in the optimized value of targeted
objective function. The main concern is to allocate the
upcoming task to available resources in such a manner that all
resources are utilized efficiently and effectively [1]. Formally,
task scheduling algorithm focuses more on efficiency in spite
of how fairly the resources have been allocated, which further
results in the over-utilization of resources having higher
capability of computation [2]. This field has always remained
an active area of research for researchers , whether it is in the
terms of job scheduling in an operating system or it is the
domain of distributed computing namely, grid computing,
parallel computing or cloud computing or cluster computing
concerning the field of task scheduling.
Amongst all the various types of distributed computing
paradigm, cloud computing is the one which has become
crucial and has become more or less the buzz word in the IT
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Fig.1: Cloud Computing Basic Architecture
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Modified Particle Swarm Optimization based upon Task categorization in Cloud Environment
Different users have different needs, such as, one user wants
to get facilitated of low budget project, and another user wants
to have higher bandwidth, yet another desires high processing
speed and so on. To cater such varying needs, it is important
to allocate all the respective jobs to the available resources in
the best possible manner [5]. There are numerous challenges
in the field of cloud computing as far as quality services are
concerned; reason being cloud environment is somewhat a
new business model to work upon. There are many issues
related to quality, namely, performance issues, security
issues, usability issues, reliability issues and management
issues as well [32]. Though it is difficult to target all the issues
at once, yet one can focus around the challenge as per the
problem being considered to be optimized.
Although this problem of resource allocation has diverted
many researchers yet it is difficult to reach to an optimum
solution. There does not exist any algorithm or approach
which can solve the problem in polynomial time, yet
meta-heuristic techniques can be used to reach nearly optimal
solution within reasonable time span [6].
In this paper, task scheduling approach has been proposed
taking into consideration QoS Factors and Load Balancing
using meta-heuristic technique, Particle Swarm Optimization
[7]. Highlights of the work can be summarized as:
 Despite of considering the random initial population, tasks
have been prioritized to well-utilize the available resource
pool.
 Heuristic improvement in PSO algorithm is done by
modifying the parameters considering different QoS
factors.

problem lies in allocating available resources to various
computing tasks. Although the problem is NP-Complete yet
many researchers have focused on optimizing the resource
allocation by utilizing different meta-heuristic approaches
[13-16] [18].
Rodriguez and Buyya et. al [8] worked up on the task
scheduling strategy while considering different constraints
such as deadline and cost minimization using meta-heuristic
optimization technique. Various parameters namely,
heterogeneity of resources, dynamic variations and
performance of Virtual Machines available were considered.
Pandey et al [11] illustrated a scheduling approach for cloud
resources using Particle Swarm Optimization Technique
while considering computation cost and data transmission
cost. The proposed approach of cost saving using PSO was
compared with existing Best Resource Selection (BRS)
algorithm and it was analysed that PSO achieved far better
results in comparison to BRS, along with an effective load
balancing factor.
Cost factor always plays a crucial role in the cloud
environment; due to high communication costs, it becomes
difficult to apply task scheduling strategies in a large scale
environment. For coping up with such factors, Sridhar et. al
[12] formulated a hybrid Particle Swarm Optimization (PSO)
resulting in improved average length of schedule designed
and execution ratio of the task.
Solmaz et. al [20] considered and compared three heuristic
approaches, Genetic Algorithm, PSO and modified PSO
Algorithm to improvise the scheduling of tasks to different
resources in cloud environment. All the three algorithms were
targeted to yield an optimized scheduling of tasks to reduce
the overall execution time.
Yang et. al [23] illustrated task scheduling algorithm based on
QoS-DPSO by considering multi-dimensional QoS
requirements. Berger model was introduced in the paper to
make judgements regarding fairness of the allocated
resources. They also improved PSO Algorithm by altering the
parameters in a dynamic manner and using the discrete
method of coding position.
Upadhyaya et. al [28] proposed an innovative QoS Model for
defining the quality parameters for e-learning applications in
cloud computing to bridge the gap between the users’
expectations and services provided to them.
Mondal et. al [29] developed the load balancing approach in
cloud computing environment along with the enhancement in
Quality factors based upon the Fuzzy logic. Processor speed
and load acted as an input to the approach and eventual
attainment of balanced load was the output while taking into
consideration the QoS parameters.
Abdallah et. al [30] focussed the Quality parameters for the
Web services based on SaaS. In this paper, framework was
also developed for the verification of whether the delivered
services comply with the Service Level Agreement of cloud
providers.
Awad et. al [24] developed mathematical model using Load
Balancing Mutation Particle Swarm optimization (LBMPSO)
based allocation and schedule for cloud computing taking into
consideration the reliability and availability of the cloud
environment.

Quality of Service is not a universal term, instead it is an
application-specific term, which varies depending upon
application in hand, such as packet delay is acceptable in
e-mails whereas unacceptable as far as video conferencing is
concerned. Thus far, the crucial parameters affecting QoS
are- time, cost and reliability. As such, cost and time are
inversely proportional to each-other; if a project can be
allocated more funds, thus an advanced equipment and tools
may be used, resulting in lesser time for its completion and
vice-versa. This paper aims at balancing the cost and time
factor by using job categorization, henceforth, resulting in
improved reliability as well by reducing the failure rates. This
has been done by allocating jobs to the virtual machines
considering their priorities for bandwidth or MIPS rate. By
allocation of resources as per user needs would definitely
raise the QoS co-efficient values.
Structure of this paper is as follows: Section 2 is focussed on
the discussion of related research work been done in the past
for scheduling the tasks in hand. Section 3 illustrates the
concept of Particle Swarm Optimization and its parametric
structure. The proposed methodology has been elaborated in
the Section 4, eventually leading to evaluation and simulation
of proposed approach done in Section 5. Research is
concluded and future scope for improvement of the work
presented is highlighted in Section 6.
II. RELATED WORK
Cloud Computing is the way of delivering numerous
computing services such as data recovery, security, database,
software over the Internet, known as cloud[17][19]. The main
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The proposed approach was evaluated and then compared
with the existing algorithms, random algorithm, standard PSO
and LCFP algorithm and it was showed that considered
factors resulted in better and optimized values
Different meta heuristic approaches namely, PSO [21], GA
[10], ACO [22] exists for an optimum allocation of resources.
Zhang et. al [9] compared the two approaches Genetic
Algorithm and Particle Swarm Optimization and deduced that
PSO obtained better results in comparison to GA in Grid
Computing [26] [27]. Also, Quality of solution obtained and
speed of convergence was also effective in case of PSO.

numerous other parameters. Depending upon the requirement
of the problem-domain for the proposed approach, the factors
selected
are:
Communication-intensive
jobs
and
Computation-intensive jobs. Assume there are n VMs
available in the Cloud Data Center, namely {Mi, for i=1, 2,
3...n}. The three attributes used to represent the parameters
are: {MseqMCI,MCPI} where Mseq represents Virtual Machine
sequence
number,
MCI
signifying
the
communication-intensive machines and MCPI denoting the
computation-intensive machines, respectively.
A. PSO-based Strategy Formulation

III. PARTICLE SWARM OPTIMIZATION
APPROACH

A.1 Particle Initialization

The standard PSO builds the initial population space
randomly. In the proposed approach, the initial population is
categorized on the basis of two factors:
i. Communication-intensive: Numerous upcoming tasks relies
heavily on the need of high bandwidth, therefore, such tasks
have been prioritized on the basis of bandwidth requirement.
ii. Computation-intensive: When the cloud user demands that
the task should get executed in the minimum time duration,
henceforth, demanding high processing speed.
In this manner, Virtual Machines have been categorized
logically; as and when the new task comes, depending upon
the needs of user, task moves to the TaskList of either
communication-based VMs or Computation-based VMs. This
way, the tasks categorization is achieved.

The Particle Swarm Optimization is a meta-heuristic
approach, which actually took its inspiration from the
behaviour of animals and eventually worked well with
optimization problems. This algorithm was originally
developed by Dr. Kennedy and Eberhart in 1995 [25], and is
analogous to the evolutionary computation techniques such as
Genetic Algorithm. The concept lies in that it mimics the
social behaviour of particles in terms of flocking and
swarming phenomena. This approach simulates the behaviour
of bird flock or group of fishes to reach the desired location. It
works by considering the initial population (known as swarm)
of random solutions (dubbed, particles). In initial stage, there
is randomization considered for the generation of particles.
Their movement in the initial space depends primarily on their
current position and velocity vector, which further decides
their personal best position (pbest) and global best position
(gbest) for the entire population (swarm). After every next
iteration, every individual particle updates their position as
well as velocity vector to reach an optimum value. There
would be a problem specific fitness value, in context of which
all the particles make updation. For kth iteration, particles
would be updating its parameters based on the following
relations:
Xik+1= Xik + Vik+1

Algorithm: PSO-based Task Scheduler.
Input: TaskList(),Virtual Machines(Mi), Bandwidth,
MIPS, Acceleration Co-efficient c1,c2, random numbers
r1,r2, inertia weight w, newtask().
Output: Optimized task scheduling along with an
improved execution time.
1. Initialize the upcoming newtask(), TaskList(),
acceleration co-efficient c1, c2; inertia weight w and
random numbers r1, r2, gbest and pbest.
2. Logically categorize the VMs (particles) on the basis of
bandwidth (communication-intensive) and MIPS
(computation-intensive).
3. For each upcoming newtask()
If (priority(bandwidth)>priority(MIPS))
Chosen_particle= Fitness (bandwidth)
else
Chosen_particle=Fitness(MIPS)
4. Submit the newtask() to the Chosen_particle.
5. //Make parameter updations
i) update the position of respective particle based on
(1).
ii) update the Velocity Vector using (2).
6. Repeat steps 2-5 until the termination criterion is met.
7. Results so obtained are optimized.

(1)

Resulting in updated position of ith particle after kth iteration
and the velocity with which the particle updates its position is:
Vki+1= wkVik + c1r1(pbestik- Xik)+ c2rr(gbest- Xik)

(2)

In equation (2), w is inertia weight whose value should be
chosen wisely; as if w chosen would be large, the particle
might go out of population space, and if w is small, it would
take longer to yield optimum results in a specified duration.
c1, c2 are acceleration co-efficients, usually consists of value
equals 2, r1, r2 are random numbers lying in the range [0, 1].
To provide consistency in the results, particle velocity is
bounded with the limits, that is, Vi Є [-Vmax,+Vmax] such that
particle should not leave the bounded space.
IV. SOLUTION FRAMEWORK
A. Problem Definition: As far as Cloud data centers are
concerned, working model can be categorized based upon the
concept of Virtual Machines. VMs can further be split on the
basis
of
task
being
computation-intensive,
communication-intensive, cost factor, performance and

Retrieval Number: D24230484C19\19©BEIESP

69

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Modified Particle Swarm Optimization based upon Task categorization in Cloud Environment
Fitness Function
This paper is focussed on the reduction of total time spent for
the execution of assigned job. Henceforth, the objective lies in
the reduction of makespan time (Bandwidth-based/
MIPS-based), that is, for every individual machine, fetching
the execution time for completion of all the jobs assigned to
that machine. Smallest amongst all is the fitness value of that
particle.
Algorithm: Fitness Function Calculation
Input: Virtual Machines, newtask(), Bandwidth, MIPS
Output: Category-specific fitness obtained.
Fitness (X)
1) For every individual particle from the logical category
X
 calculate fitness value (in terms of makespan
time), pbest of particle i
 if pbest (of ith particle)<gbest
update gbest.(for entire population for the
category X)
2)
return particle with lowest pbest
value (which would be the gbest value for entire
population of category X).

Fig 2: Flowchart for PSO-based Task- Scheduler
Based upon the varying needs of upcoming tasks, resource
parameters are grounded on the basis of range, instead of
precisely fixing the definite value as described in Table I
along with the parameter specifications for the approach
being used, PSO highlighted in Table II.

A.3 Updation of position and velocity vector
As the fitness function is oriented towards finding the
smallest value of makespan, therefore, each Virtual Machine
has its own personal best (pbest) and eventually, yielding the
global best (gbest), by comparison of the smallest fitness values
of all individual machines. Particle velocity has been updated
using (2).
Position of Virtual machine can be updated considering
updated velocity vector and previous position of that
respective particle, and thus, can be modified using (1).

Parameter

Particles (Virtual Machines)

Number of VMs
MIPS

10
300-800

Bandwidth

600-1200

Tasks

Length Range
Number of
tasks

5000-14000
1000

Table II: Evaluation Parameters for Proposed Algorithm
Parameter considered
Experimental Value
Population Size
50
Inertia weight, w
0.72
Acceleration co-efficient, c1
2
Acceleration co-efficient, c2
2
r1
0.58
r2
0.63
Maximum number of Iterations
150

A.4 Termination criteria
There are no fixed rules or convergence criteria for PSO
Approach; it all depends upon the problem specification. In
this proposed technique, when all the upcoming tasks get
exhausted, the process immediately comes to hault. This has
been considered as the convergence criteria.
After the completion of the proposed technique, the upcoming
tasks get allocated to the available Virtual Machines in an
optimized manner and reduced execution time as well.
Precisely, algorithm flow is described in Fig. 2.

After performing the maximum number of iterations, the
results have been evaluated and stored with respect to the
makespan time considered as an efficiency parameter.
Besides considering the results of proposed approach; two
approaches, namely, Min-Min Approach and Existing PSO
have been taken into account for making a comparative
analysis amongst the existing approaches and the proposed
one.

V. EXPERIMENTAL SIMULATION
The proposed approach has been verified and validated on the
Cloudsim Software. The proposed algorithm has been
embedded in the Cloudsim layer itself. 10 Virtual Machines,
each VM comprising memory 8G, CPU: Processor 3.20GHZ
and 30 GB Hard Disk, have been considered for performance
evaluation of the proposed approach. The key parameter
considered to formulate efficiency measure is the makespan
time for scheduling tasks on available resources.
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Table III: Comparative Analysis of Makespan Time for different
Algorithms
Sequence
Algorithms
Number of
Execution
No.
Tasks
time
(Makespan)
1
Min-Min Algo
200
595
Existing PSO
587
Hybrid PSO
580.5
2
Min-Min Algo
400
1150
Existing PSO
1098
Hybrid PSO
990
3
Min-Min Algo
600
2080
Existing PSO
2053
Hybrid PSO
2019
4
Min-Min Algo
800
2845
Existing PSO
2790
Hybrid PSO
2716
5
Min-Min Algo
1000
3556
Existing PSO
3491
Hybrid PSO
3406
Fig. 4: Success Ratio for varying number of tasks

Table III. depicts the comparison of makespan time being
calculated for the three approaches while fluctuating the
number of tasks from 200 to 1000; and results are quite
descriptive in order to make a conclusion that the proposed
hybrid PSO outperformed the two approaches considered in
such a manner that lower the execution time, higher is the
efficiency and the same has been described in the fig. 3 in a
graphical format.

VI. CONCLUSION AND FUTURE SCOPE
The proposed approach has definitely helped overcoming the
difficulties lying in scheduling of numerous tasks as well as
balancing the load effectively. PSO is utilized by altering the
algorithm by embedding QoS factors into it. In-spite of
allocating tasks to VMs in random fashion, tasks were
categorized based on their priorities of being communication
or computation-intensive. Experimental results clearly
visualized the efficiency and performance of proposed
approach in terms of reduced makespan time as well as
increased success ratio. Henceforth, it can be summarized that
this approach is able to bring the optimized results in terms of
execution time, bandwidth and processing speed, and
reduction in cumulative cost factor as well.
The current approach may be extended and elaborated in
future to bring out more efficient results. Though Bandwidth
and MIPS has been considered in the approach, yet the scope
of amortized results is there, that is, despite of taking the raw
value, it can be normalized in context of collaborative value
for the respective factor so that results obtained would be
more precise and justified.

Fig.3: Experimental comparison for Execution Time for varying number of
tasks
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