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Abstract: Cloud computing or in other words, shared
computing is a unique way of sharing resources via the Internet. It
combines and extends features of parallel processing, grid
computing, and distributed computing. Cloud Computing
environments provide a competent way to schedule and process
various jobs on remote machines. Rather than relying on local
machines, Cloud users access services remotely via high-speed
networks. Various users submitting jobs to be processed to Cloud
would expect Quality of Service (QoS). So, currently, many
researchers are proposing various heuristics that provide QoS to
cloud users. The job scheduler is responsible for scheduling
various jobs to its best-matched resource to achieve desired
QoS. There are Service Level Agreements (SLAs) between Cloud
Service Providers (CSPs) and Cloud users, which need to be
followed by both the parties. Benefits would be affected in case of
not complying with SLAs. In this paper various SLAs like Hard
SLA, Best Effort SLA and Soft SLA are proposed. Jobs with
required QoS parameters like Reliability, Execution Time and
Priority are submitted to the scheduler. QoS of resources is
determined by parameters like Reliability, Job Completion Time
and the Cost of the resource. Schedulers then assign the Job to the
best-matched resource according to specified SLA. Simulation is
performed for First Fit and Best Fit heuristic
approaches. Performances of both the heuristic approaches are
evaluated with performance parameters like Average Resource
Utilization (ARU), Success Rate of Jobs (SR) and Total
Completion Time (TCT). This research work is useful for various
organizations that provide various Cloud services to users who
seek different levels of QoS for various applications.
Keywords: Average Resource Utilization (ARU), Best Fit (BF),
First Fit (FF), Success Rate of Jobs (SR), Total Completion Time
(TCT)

I. INTRODUCTION
Cloud is a parallel and distributed computing system
consisting of a collection of inter-connected and virtualized
computers that are dynamically provisioned and presented as
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one or more unified computing resources based on
service-level agreements (SLA) established through
negotiation between the service provider and consumers.
Cloud provides an efficient way to store, process and analyze
huge amounts of data. Apart from that Cloud provides various
services like Infrastructure Services (IAAS), Software
Services (SAAS) and Platform Services (PAAS) [16]. By
using the cloud, users can have the tremendous computing
power and huge storage capacity online. Cloud users can
make use of any platform, software, hardware, operating
system, processing power, etc. without purchasing it [16]. In
short, you can have resources on rent. By doing these,
unutilized infrastructure and other IT resources can be
utilized by paying a minimal cost. Cloud Computing
introduces much diversity as various resources are owned by
different service providers who are also located at different
remote locations. Apart from this, Cloud users are also
located at different locations. Cloud users and Cloud service
providers are connected by high-speed networks. In such a
scenario, providing Quality of Service (QoS) is a big research
issue [17]. In such a diversified scenario, where expectations
of Cloud users and Cloud Service Providers are varying,
achieving the desired QoS would be crucial. In the case of
static scheduling, jobs would get their resources to get
executed before the execution. In the case of dynamic
scheduling, the scheduler keeps allocating the resources to the
job as a job keeps arriving. In batch processing, generally
static scheduling is preferred and in real-time applications
generally, dynamic scheduling is preferable. Apart from these
various applications also demand varying services. So, with
virtualized cloud resources, it becomes very challenging to
satisfy the requirements of every application as well [17]. The
scheduler will play a very crucial role here. The performance
of each scheduling heuristic is directly proportional to
effective scheduling. In this paper, we have proposed various
scheduling approaches for job processing in the Cloud
Computing Environment which satisfies various criteria of
QoS. We have also evaluated scheduling heuristics
concerning various performance parameters related to QoS.
II. RELATED WORK
Many researchers have proposed QoS guided scheduling
heuristics with different QoS parameters. The summary for
the same has been presented in Table I below.
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Table I. Summary of Various Scheduling Heuristics

Sr. No

Scheduling (QoS)
Parameters

Job Scheduling Heuristics

Job Completion Time,
Fairness

Better Resource Utilization.
Fair workload distribution among
resources.
Better makespan with more numbers of
VMs.
Overall improved latency.
Lesser cost for few situations.
Permits the negotiations of completing cost
and time.
Optimized Execution Time.
Runtime Scaling of Resources.
Meeting the user’s expectations.
Better Job Execution Time.
Improved job execution time.
Dynamic scheduling of jobs.

1

A Particle Swarm Optimization-based
Heuristic for Scheduling [5]

Execution Time, Resource
Utilization

2

Improved Cost-Based Algorithm [3]

Latency, makespan

3
4
5

Innovative transaction-intensive
cost-constraint scheduling algorithm
[6]
SHEFT workflow scheduling
algorithm [7]
Job Scheduling based on Berger
Model [8]

Execution Time, Cost
Execution Time, Scalability

6

Multiple QoS Constrained Scheduling
Strategy of Multi-Workflows [4]

Makespan, the success rate of
jobs, execution time

7

Task scheduling algorithm based on
QoS-driven in cloud computing [9]

Total completion time,
Priority

8

PAPRIKA [2]

Complication Time, Utility

9

Ant Colony Optimization (ACO) [10]

Execution Time, Cost

10

Multi QoS Scheduling Algorithm [11]

Execution Time

III. SIMULATION AND PROPOSED
METHODOLOGY
Definition of Job QoS Parameters
Each job that is submitted by the user is having QoS
requirements in terms of the following parameters.
Reliability (RE (j)): Minimum probability of successful
completion of the job in the first attempt.
Execution Time (ET (j)): The time difference between the
submission and completion of a job.
Priority (PR (j)): Relative importance of the task specified
by the user submitting the job.
Definition of Resource QoS Parameters
Each resource owned by the service provider and is having
QoS parameters by which the quality of the resource is
determined.
Reliability (RE (r)): Ratio of successful no of jobs executed
at the first attempt to total no of jobs.
Completion Time (CT (r)): Execution time of the job.
Cost (CO (r)): Cost of execution of the job. Directly
proportional to the priority of the job.
Service Functions
To determine the requirements of the job in terms of
required QoS parameters, we have proposed a simple service
function of a job which is SF (j) given below. Equation (1)
and (2) represents that the service function of job SF (j) is a
total of all 3 QoS parameters of the job which are described
above. The total of all 3 parameters should be 1.
(1)
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Findings

Fair Scheduling for balancing the load.
Better performance as far as the total
completion task is concerned.
Enhanced resource utility.
Taking less time for task allocation to
resources.
Improved execution time.
Enhanced cost as far as resource utilization
is concerned
Improved efficiency up to some extent.

(2)
Where:
0 <= RE (j) <=1
0 <= ET (j) <=1
0 <= PR (j) <=1
RE (j) +ET (j) + PR (j) = 1
To determine services provided by the resource in terms of
QoS parameters, we have proposed simple service functions
of the resource which is SF(r) given below. Equation (3) and
(4) represents that the service function of resource SF (r) is a
total of all 3 QoS parameters of the resource which are
described above. The total of all 3 parameters should be 1.
(3)
(4)
Where:
0 <= RE(r) <=1
0 <= CT(r) <=1
0 <= CO(r) <=1
RE(r) +CT (r) + CO (r) = 1
Service Level Agreements (SLAs)
To determine how much the job requirements should be
matched with the resource capabilities, we have defined three
Service Level Agreements (SLAs) given below.
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Hard-SLA: QoS description with this level has the strongest
restraint. The description of the task must be met, otherwise
the scheduling is invalid. It means SF (J) <= SF(R) then the
only job is scheduled otherwise it will be rejected and kept in
the unallocated job queue. As per equation (5) below, if the
reliability of resource is greater than or equal to reliability of
job, and execution time for that particular job on that resource
is less than or equal to the completion time of that particular
job, and cost of the job is greater than or equal to the priority
of resource then the only job is scheduled. Otherwise, the job
is rejected.
SF(r) = SF(j) if {(RE(r) >= RE(j)) ∩ (ET (r) <= CT (j)) ∩
(PR(r) >= CO (j))}
(5)
Best Effort SLA: QoS description doesn't need a very strong
constraint. The job will obtain the biggest benefit if such
descriptions are met. Otherwise, the scheduling is not
considered invalid, just benefit may be affected. As per
equation (6), if the total of Reliability, Completion time and
Cost of the resource is greater than Reliability, Execution
Time and Priority of the job then only scheduling is valid
otherwise the job is rejected.

for all jobs waiting in the queue. After finishing all waiting
jobs in the queue, the scheduler will process all unallocated
jobs again to find available resources for execution. Below is
the algorithm of First Fit heuristic.
1. Begin
2. Initialize the list of user jobs as J = {j1, j2, j3, …., jn}
3. Initialize the list of VM resources as R = {r1, r2, r3,
…., rm}.
4. flag = 0
5. For i = 1 to n do
6. Calculate SF (ji)
7. For j = 1 to m do
8.
Calculate SF (rj)
9.
if SF (ri) = SF (ji)
10.
Allocate (rj, ji)
11.
Remove RJ from list
12.
flag = 1.
13.
Break Loop
14.
end if
15.
end For
16. if flag = 0
17.
Put the job in the unallocated queue
18. end if
19. end For

(6)
Soft-SLA: If the requirement of the job is partially met then
also scheduling is valid. Otherwise scheduling is invalid, and
the job will be kept in the unallocated queue. Here jobs will do
maximum compromise for its requirements. As per equation
(7) below, if the reliability of resource is greater than or equal
to half of the reliability of job, and execution time for that
particular job on that resource is less than or equal to half of
the completion time of that particular job, and cost of the job
is greater than or equal to half of the priority of resource then
the only job is scheduled. Otherwise, the job is rejected.

If the queue is empty, then repeat the allocation process
for the unallocated queue.

(7)
Proposed Scheduling Heuristics
We have proposed two approaches for the allocation of jobs
to resources for execution.
First Fit (FF): We have studied the traditional First Fit
approach [15] and modified it according to the requirement of
our approach. As per the below algorithm, step 2 and step 3
will initialize all performance parameters of all jobs and all
available resources and set it to 0. Step 4 will initialize the flag
variable to 0. In the steps 5 to 8, the scheduler will pick a job
from the queue and match the QoS requirements of the job
with the capacity of the first available resource as per defined
SLA. As per step 9 to 11, if resource which can satisfy QoS
requirements of the job is found then the resource will be
allocated to that job for execution and resource will be
removed from the list of available resources. As per step 12,
the Flag variable will set to 1 which indicates the job is
scheduled. If the first picked resource cannot fulfill QoS
requirements of the job then the scheduler will check the next
available resource and so on. As per steps 16 to 18, if the
scheduler cannot find any resource which can satisfy QoS
requirements of the job then the job will be kept in the
unallocated job queue. The scheduler will repeat this process
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Best Fit (BF): We have studied the traditional Best Fit
approach [15] and modified it according to the requirement of
our approach. Our approach is almost the same as our
modified First Fit. As per steps 5 to 7, the requirements of all
the jobs are calculated. Then as per steps 8 to 10, the capacity
of all the resources is calculated. Now, here in this approach
as per steps 11 to 15, the scheduler will scan all the available
resources first before allocation. The scheduler will select
resources with the best matching parameters and then it will
allocate the best resource to the job. It means resources with
the nearest value of SF(r) to SF (j) will be selected. Best Fit
heuristic works as per the below steps.
1. Begin
2. Initialize the list of user jobs as J = {j1, j2, j3, …., jn}
3. Initialize the list of VM resources as R = {r1, r2, r3,
…., rm}.
4. flag = 0
5. For i = 1 to n do
6. Calculate SF (ji)
7. end for
8. For j = 1 to m do
9. Calculate SF (rj)
10. end for
11. For i = 1 to n do
12.
Compare SF (ji) with SF (r) of each resource
13.
Allocate ji to best match resource
14.
Remove that resource from the list
15. flag = 1
16. end for
17. if flag = 0
18.
Put the job in the unallocated queue
19. end if
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If the queue is empty then repeat the allocation process for
the unallocated queue.
Here in both the heuristics, n is the Total number of Jobs,
m is the Total number of Virtual Machines (Resources), J is
set of tasks j1, j2, j3… jn arrived at any time interval and R is
set of available VM resource r1, r2, r3,….., rm.
Definition of scheduling heuristic performance
parameters
Average Resource Utilization (ARU): This is the ratio of
running time of processor of resource to total time. Total time
also includes an idle time of the processor.
Success Rate of Jobs (SR): It is a ratio of total successfully
executed jobs in the first attempt to total no of jobs.
Total Completion Time (TCT): It is the total completion
time of all successfully scheduled jobs. It also includes
waiting time in the queue.
Simulation Environment
Sr. No.
1
2
3
4
5
6
7

Figure 1. SLA wise performance evaluation for Best Fit
Algorithm in Simulation Environment 1

Table II Simulation Environment
Item Name
Value
Hardware
Core i5 2.3 GHz, 8 GB RAM
Operating System Windows 8
Simulator
CloudSim 3.0.3
Platform
Eclipse
Simulation
Tasks: 5000
Environment 1
Resources: 2000
Simulation
Tasks: 5000
Environment 2
Resources: 1500
Simulation
Task : 5000 Resources: 1000
Environment 3

Figure 2. SLA wise performance evaluation for Best Fit
Algorithm in Simulation Environment 2

IV. RESULT DISCUSSION
Table III SLA wise performance evaluation for Best Fit
Algorithm in Simulation Environment 1 to 3
Simulation Environment – 1 – Best Fit (BF)
ARU
SR
TCT
Hard - SLA
0.52
0.63
0.85
Best Efforts- SLA
0.59
0.71
0.82
Soft -SLA
0.72
0.85
0.77
Simulation Environment – 2 – Best Fit (BF)
ARU
SR
TCT
Hard - SLA
0.46
0.58
0.89
Best Efforts- SLA
0.54
0.68
0.86
Soft -SLA
0.65
0.82
0.83
Simulation Environment – 3 – Best Fit (BF)
ARU
SR
TCT
Hard - SLA
0.41
0.53
0.93
Best Efforts- SLA
0.49
0.59
0.92
Soft -SLA
0.54
0.75
0.95
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Figure 3. SLA wise performance evaluation for Best Fit
Algorithm in Simulation Environment 3
Table III and Figure 1 to Figure 3 are showing SLA wise
performance evaluation of Best Fit heuristic concerning all
three performance parameters in all three Simulation
Environments. For all three simulation environments,
Average Resource Utilization (ARU) is increasing while
moving from Hard –SLA to Best Effort – SLA to Soft – SLA
because more number of jobs will get scheduled due to
weaker restrain of SLA which will keep resources more
utilized. In the same context, the Success Rate of Jobs (SR)
will also improve due to the weaker restrain of SLA and more
jobs will get the chance to be scheduled. Total Completion
Time (TCT) is decreased as jobs need not wait in the waiting
queue and get its turn easily as SLAs getting weaker. In the
Simulation environment wise comparison, if we move from
Simulation Environment 1 to Simulation Environment 3 then
available resources are less which will harm all three
performance parameters.
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Table IV and Figure 4 to Figure 6 are showing SLA wise
performance evaluation of First Fit heuristic concerning all
three performance parameters in all three Simulation
Environments. The effects of the SLAs and Simulation
Environments on the results are identical to Best Fit heuristic
that we have just discussed. Now, we will compare both First
Fit and Best Fit heuristics in all simulation environments. In
all three simulation environments, Average Resource
Utilization (ARU) in Best Fit heuristic is slightly better than
First Fit because the job will find the best resource which can
satisfy the requirements of the job. Success Rate of Job (SR)
is also slightly better in Best Fit heuristic than the First Fit
because the job will find the most suitable resource to get
executed. But Total completion Time (TCT) is better in the
First Fit that the Best Fit in all three Simulation Environments.
Best Fit heuristic will scan the entire pool of available
resources for each job, which will cause a delay in the
scheduling of the job. So the Best Fit gives better results for
ARU and SR but First Fit will perform better in case of TCT
of the job.

Table IV SLA wise performance evaluation for First Fit
Algorithm in Simulation Environment 1 to 3
Simulation Environment – 1 – First Fit (FF)
ARU
SR
TCT
Hard - SLA
0.50
0.60
0.81
Best Efforts- SLA
0.56
0.69
0.76
Soft -SLA
0.70
0.81
0.70
Simulation Environment – 2 – First Fit (FF)
ARU
SR
TCT
Hard - SLA
0.45
0.54
0.85
Best Efforts- SLA
0.51
0.62
0.81
Soft -SLA
0.60
0.77
0.77
Simulation Environment – 3 – First Fit (FF)
ARU
SR
TCT
Hard - SLA
0.39
0.50
0.91
Best Efforts- SLA
0.44
0.56
0.89
Soft -SLA
0.50
0.70
0.85

V. CONCLUSION

Figure 4. SLA wise performance evaluation for the First
Fit Algorithm in Simulation Environment 1

Figure 5. SLA wise performance evaluation for the First
Fit Algorithm in Simulation Environment 2

In this paper, we have simulated First Fit and Best Fit
heuristics with various SLAs like Hard SLA, Best Effort SLA,
and Soft SLA. Jobs with required QoS parameters like
Reliability, Execution Time and Priority are assigned to the
best-matched resource according to heuristic and SLA.
Quality of resource is determined by parameters like
Reliability, Job Completion Time and the Cost of the
resource. Performances of both the heuristic approaches are
evaluated with performance parameters like Average
Resource Utilization (ARU), Success Rate of Jobs (SR) and
Total Completion Time (TCT). Best Fit heuristic will
perform slightly better than the First Fit for ARU and SR. But
First Fit will perform better for TCT in all simulation
environments due to the early allocation of resources.
The highest number of jobs will get scheduled in Soft SLA
due to the weakest restrain and Lowest in the case of Hard
SLA due to the hardest restrain which will cause an increase
in ARU, SR while the decrease in TCT. So, Soft SLA will
perform better for both heuristics and in all simulation
environments but Job will have to compromise the most in
Soft SLA while Hard SLA will not perform that much good
compare to Soft SLA as far as the number of jobs which will
get scheduled is concerned. But in Hard SLA jobs will have to
do the lowest compromise for their QoS requirements.
Performance of Best Effort SLA is in between Hard SLA and
Soft SLA for both the heuristics.
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