
IJCST  Vol. 5, ISSue 3, July - SepT 2014

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  187

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Sensitivity Analysis of Cloud Computing Under 
Non Homogeneous Conditions

1A.Satyanarayana, 2P. Suresh Varma
1,2Dept of Computer Science, Adikavi Nannaya University, Rajahmundry, A.P, India

Abstract
Cloud computing refers to act of providing various resources 
to the job requests over internet. With the tremendous increase 
in Cloud services utilization, the allocation of resources to the 
job requests that enter the Cloud has become a challenging 
task that arrive in non-homogeneous fashion. In this paper we 
analyzed and performed sensitivity analysis of a Cloud computing 
model for allocation of resources to the jobs that enter into the 
cloud by using queuing models. We derived the sensitivities of 
various performance measures of the Cloud model under Non-
Homogeneous conditions and made a comparative study of the 
sensitivities in the Cloud model between Homogeneous and 
Non-Homogeneous conditions by using various performance 
measures such as Mean number of job requests in the Cloud, 
Utilization, Throughput and Mean Delay of jobs in the cloud. It is 
observed that by using queuing theory, varying parameter values 
of jobs that arrive under non-homogeneous Poisson process has 
tremendous influence on performance measures as Mean number 
of job requests, Throughput, Utilization and Mean Delay of the 
jobs in the Cloud
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I. Introduction
Cloud Computing enables the massive scale service sharing, 
which allows users to access technology enabled service without 
knowledge of expertise of the system. Cloud computing has been 
often used with synonymous terms such as software as service, 
Grid computing, Cluster computing, Autonomic computing and 
Utility computing. As stated in the majority of current Cloud 
computing infrastructure as of 2009 consists of services that are 
offered up and delivered through a service centre such as a data 
centre that can be accessed from a web browser anywhere in the 
world [1-2]. Hao-peng CHEN, Shao-chong Li.A [3], R.D Mei, 
and H.B Meeuwissen [4] mentioned that the users do not care too 
much about the resources of the system but are more concerned 
with the services they are using. Hence, the function of service 
sharing enabled by Cloud computing will be more interesting to 
general users than the resources sharing of the grid computing. A 
variety of Cloud services are provided by the Cloud system. The 
Cloud System could become very large even all over the whole 
internet. Users can request cloud services from any corner of 
the world. Some examples of commercial cloud services include 
Amazon EC2, Xen, Google Cloud, IBM Cloud and Microsoft 
Cloud. A little work is reported regarding services in the Cloud by 
applying queuing theory models by Kaiqi Xiong and Harry Perros 
[5], studied service performance and analysis in Cloud computing 
by applying queuing theory model at service centre.
In the modern competitive business environment providing Quality 
of Service is prime requisition for any service provider. With 
high exposition of technological innovation and developments 
the Cloud computing is changing evolutionary in the modern era. 
The dynamic allocation of resources has emerged as promising 

technology to provide cost effectiveness in high performance 
Cloud computing system for solving many complex problems 
in commercial application. Recently P.Suresh Varma, A. 
Satyanarayana [6] has reported regarding Cloud computing with 
request depend resource allocation for improving Quality of 
Service by utilizing idle resources by considered the arrival of 
jobs on service are homogeneous, but in many practical situations 
Cloud service like Amazon, Google Apps, Microsoft Azure, the 
arrival of jobs are to be considered on time dependent in order 
to have accurate prediction of the performance measure of the 
Cloud computing. In addition to this a number of measurements 
studies have reveal that the traffic generated by many real world 
application exhibit a high degree of  burstness (time varying arrival 
rates) and posses correlation in the number of request arrivals 
[7], therefore the traditional models with simplified assumption 
regarding request arrivals modeled by Poison process cannot 
capture the burst nature of request arrival process. Hence it is 
needed to develop queuing model with generalized Poisson process 
for characterizing the arrival process. The time dependent nature 
of arrival rate of requests and study of sensitivity of the model 
can be well captured by Non Homogeneous Poisson Process. Very 
little work has been reported regarding Non Homogeneous Process 
arrivals [8-9]. We develop and analyzed a Cloud computing model 
with Non Homogeneous Process arrival having request dependent 
resource Allocation and also studied the sensitivity of various 
parameters of the model.

II. Cloud Computing MODEL Under Non-Homogeneous 
Conditions
In this paper we analyzed a Cloud system in which the arrival of 
resource request by jobs follow non-homogeneous Poisson process 
which is stored in buffer that is scheduled for resource allocation 
using queuing models. The allocation is carried with request 
dependent strategy. In request dependent strategy the resource 
allocation (virtual machines (VMs)) rate is a linear function of 
the number of request jobs in the buffer depending on the buffer 
content in the Cloud. The sensitivity of the Cloud system under the 
non-homogeneous conditions is studied as the sensitivity analysis 
that is useful when attempting to determine the impact of the 
actual outcome of a particular parameter will have if it differs 
from what was previously assumed. Sensitivity analysis is used 
to determine how “sensitive” a model can effect by changes in the 
value of the performance measures of the model and to changes 
in the structure of the model. Parameter sensitivity is usually 
performed as a series of observations in which the modeler sets 
different parameter values to see how a change in the parameter 
causes a change in the dynamic behavior of the Cloud.  By showing 
how the model behavior responds to changes in parameter values, 
sensitivity analysis is a useful tool in model building as well as 
in model evaluation [10].
 
Here, we assume that the arrival of request jobs follows a non-
homogeneous Poisson process with parameter λ and αt where λ 
arrival rate of jobs, α is a constant, the number of job completions 
in the Cloud follow Poisson processes with parameters µ. The 
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mean service rate of the Cloud is linearly dependent on the number 
of request jobs in the buffer. The job arrivals are scheduled through 
the buffer by first in first out principle.

Fig. 1: The Schematic Diagram Representing the Job Requests 
in Buffer to Cloud System

The request jobs from various clients are stored in buffer which 
is connected to controller for allocation of VMs in the cloud. The 
allocation of resources (VMs) is carried with request dependent 
strategy. The controller allocates resources (virtual machines) to 
the jobs based on job requests in the buffer. In request dependent 
strategy the resource allocation is a linear function of the number 
of requests in the buffer depending on the buffer content.
The schematic diagram representing the one buffer and one 
controller are in series with load dependent resource allocation. 
The mean service rate of the Cloud is linearly dependent on 
the number of request jobs in the buffer. The jobs are served 
through the Cloud by allocating virtual machines as first in first 
out principle.
With reference to the paper published by P. Suresh varma.et.al 
[Performance Analysis of Cloud under Non-homogeneous 
conditions, IJARCSSE]:

The probability generating function of  ( )tPn  is

  (1)

III. Performance Measure of the Cloud
From equation (1) the following performance measures are derived 
by,
Expanding  ( )tsP ,  given in equation and collecting the constant 
terms:
We get the probability that the Cloud is empty as 

  (2)
The probability generating function of the buffer size distribution 
as

 (3)
The mean number of requests in the buffer is 

 (4)
The utilization of the Cloud is 

 (5)
The throughput of the Cloud is

 (6)
The mean delay in the buffer is 

 (7)
Table 1: Sensitivity Analysis of the Model

L(t) U(t) Th(t) W(t)
t-15% 0.646367 0.476054 1.428163 0.452586
t-10% 0.657102 0.481649 1.444946 0.454759
t-5% 0.666837 0.486670 1.460011 0.456734
t 0.675707 0.491203 1.473610 0.458538
t+5% 0.683829 0.495319 1.485957 0.460194
t+10% 0.691304 0.499077 1.497232 0.461721
t+15% 0.698219 0.502529 1.507588 0.463136

λ-15% 0.580686 0.440485 1.321456 0.439429
λ-10% 0.612359 0.457930 1.373789 0.445745
λ-5% 0.644033 0.474830 1.424490 0.452115
λ 0.675707 0.491203 1.473610 0.458538
λ+5% 0.707381 0.507066 1.521199 0.465015
λ+10% 0.739055 0.522435 1.567304 0.471545
λ+15% 0.770728 0.537324 1.611972 0.478128

μ-15% 0.767025 0.535607 1.365799 0.561594
μ-10% 0.734464 0.520237 1.404641 0.522884
μ-5% 0.704079 0.505436 1.440494 0.488776
µ 0.675707 0.491203 1.473610 0.458538
μ+5% 0.649192 0.477532 1.504226 0.431579
μ+10% 0.624390 0.464412 1.532559 0.407416
μ+15% 0.601168 0.451829 1.558810 0.385658



IJCST  Vol. 5, ISSue 3, July - SepT 2014

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  189

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Fig. 2: Sensitivity at Varying t Value         

Fig. 3: Sensitivity at Varying λ Values

Fig. 4: Sensitivity at Varying µ Values

The performance measures are highly affected by the changing 
in the values of t and Cloud parameters λ and μ. As t increases 
from -15% to +15%, the mean number of Jobs in the Cloud is 
increasing along with the utilization, throughput and mean delay 
in the Cloud. As the parameter λ increases from -15% to +15%, 
the mean number of Jobs in the Cloud is increasing along with 
the utilization, throughput and mean delay in the Cloud. Similarly 
for the parameter μ increases, the mean number of Jobs in the 
buffer is increasing along with the utilization, throughput and 
mean delay in the Cloud.
It is also observed that as the mean arrival requests rate increases, 
the probability of the Cloud emptiness is decreasing, the mean 
number of requests in the Cloud is increasing, the utilization of 
Cloud is increasing, the variance of the number of requests in the 
Cloud is increasing, the throughput of the buffer are increasing, 
the mean delay in the Cloud are increasing, when other parameters 
are fixed.
It is also observed that as the service rate of the Cloud increases, 
the probability of the Cloud emptiness is increasing, the mean 
number of requests in the Cloud is decreasing, the utilization of 
Cloud is decreasing, the throughput of the Cloud is increasing, 
the mean delay in the Cloud is decreasing, when other parameters 
are fixed.
It is also observed that with varying λ and µ values there is a high 
performance difference in the entire Cloud system.

III. Comparative Study between Homogeneous and Non 
Homogenous Conditions
To study the effect of non homogeneous Poisson arrival assumption 
on the Cloud Model a comparative study between the performance 
measures of the Cloud models with non homogeneous Poisson 
arrivals and Poisson arrivals is performed. The performance 
measures of both models are computed with varying values of 
the parameters (λ, t, α, μ).
As t increases the percentage variation of performance measures 
between the two models is increasing. For the model with non-
homogeneous Poisson arrivals with dynamic VM allocation has 
more utilization compared to that of the model with Poisson 
arrivals with dynamic resource allocation. From this analysis it 
is observed that the assumption of non-homogeneous Poisson 
arrivals have a significant influence on all the performance 
measures of the Cloud. 

A. Homogenous Vs Non Homogenous 

Fig. 5: Time Vs Emptiness  



IJCST  Vol. 5, ISSue 3, July - SepT 2014  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 190   InternatIonal Journal of Computer SCIenCe and teChnology

Fig. 6: Time Vs Mean Jobs

B. Homogenous Vs Non Homogenous 

Fig. 7. Time Vs Utilization 

Fig. 8: Time Vs Throughput

C. Homogenous Vs Non Homogenous 

Fig. 9: Time Vs Mean Delay 

Fig. 10: Arrival Rate Vs Emptiness

D. Homogenous Vs Non Homogenous 

Fig. 11: Arrival Rate Vs Mean Jobs 
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Fig. 12: Arrival Rate Vs Utilization

E. Homogenous Vs Non Homogenous 

Fig. 13: Arrival Rate Vs Throughput

Fig. 14: Arrival Rate Vs Mean Delay

F. Homogenous Vs Non Homogenous 

         
Fig. 15: Service Rate Vs Emptiness 

Fig. 16: Service Rate Vs Mean Jobs 

G. Homogenous Vs Non Homogenous 

Fig. 17: Service Rate Vs Utilization 
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Fig. 18: Service Rate Vs Throughput

H. Homogenous Vs Non Homogenous 

Fig. 19: Service Rate Vs Mean Delay 

IV. Conclusion
In this paper, we developed a novel Cloud computing model 
which is much useful for analyzing the Cloud performance more 
effectively and efficiently. The work presented in this paper focus 
on the Sensitivity of the model by varying values of different 
parameters under non homogeneous condition with time dependent 
arrival of jobs. It shows that a small change in parameter values 
can show drastic effect like reduce mean delay and mean service 
time. A comparative study was made between the parameter 
values of sensitivity of cloud system under Homogeneous and 
Non-Homogeneous conditions. This model includes some of 
the earlier models as particular cases for specific values of the 
parameters.
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