International Journal of Applied Engineering Research

ISSN 0973-4562 Volume 10, Number 3 (2015) pp. 6713-6729
© Research India Publications

http://www.ripublication.com

A Maximum Entropy Based Analytical Model to
Evaluate Performances of Servers Management
Schemes in a Cloud Computing Center

Mohamed Ben El Aattar, Abdellah Zaaloul*, Abdelkrim Hagiq*

'Computer, Networks, Mobility and Modeling laboratory,
FST Hassan 1st University, Settat, Morocco .
benelaattar@gmail.com

Abstract

Cloud Computing intends to share resources for computation, storage, information
and knowledge for users. Quantifying and characterizing performance measures in
Cloud Computing require appropriate models. To model networks and estimate its
QoS parameters, the queuing theory models are a powerful tool. In this paper, we
suggest using the cost-effective server management system PSS scheme (Partial
sharing scheme) to manage and differentiate services in Cloud Computing center.
This scheme has proved its efficiency in the bandwidth management in WiMAX
networks. We also suggest comparing this scheme with the classical CPS scheme
(complete partition scheme). For the CPS scheme, the Cloud Computing center is
modeled as a queuing network where the total capacity of the center is divided in
order to serve three classes in a simple and separated manner. In the PSS scheme, the
Cloud Computing center is modeled as queuing network where the servers are shared
by three classes; the high priority class is independent from other traffic flows, the
mid and the low priority tasks interact between them in order to share the available
capacity of service. Both schemes take into consideration generalized exponential
GE-type queuing systems which also take into consideration batch arrivals. The
Maximum Entropy based analytical model is used for the performance evaluation.
The key performance estimated indicators are: the blocking probability, utilization of
servers, the average number of tasks and the response time in the system.

Keywords: Cloud Computing, Performance Analysis, Queuing Theory Model,

Generalized Exponential, Maximum Entropy.

Introduction
Cloud Computing has been used to define applications delivered as services over the
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Internet as well as the hardware and middleware which reside in data centers. The
latter are used to provide those services (Armbrust et al., 2010) [1]. In this technology,
three main services are provided by the Cloud Computing architecture, according to
the needs of IT (Information Technology) customers (Saurabh et al., 2013) [2].

Firstly, Cusumano (2010) [3] has defined Software as a Service (SaaS) as a
provider of access to complete applications as a service. Secondly, Ciurana (2009) [4]
has also defined Platform as a Service (PaaS) as a provider of a platform for
developing other applications on top of IT. Finally, Infrastructure as a Service (laaS)
provides an environment for deploying, running and managing virtual machines and
storage. Technically, laaS offers incremental scalability (scale up and down) of
computing resources and on-demand storage (Buyya et al., 2009) [5].

Public cloud refers to situations where the cloud, and in particular
infrastructure as-a-service, is made available publicly to individuals and organizations
and is charged using metered billing (i.e. pay for what you use). Public cloud allows
different end users to share hardware resources and network infrastructure and
examples include Amazon and Rackspace.

The private cloud is targeted at large organizations, and generally provides
more flexible billing models as well as the ability for these users to define secure
zones within which only their company has access to the hardware and network (e.g.
Rackspace private cloud, IBM).

Hybrid clouds often refer to situations where organizations are making use of
both public and private cloud for their infrastructures. The concept of Cloud
Computing also assumes that resources are theoretically available on demand,
whereby users of the cloud can scale their cloud infrastructure immediately when the
need arises, i.e. during a traffic surge.

There are a number of areas where results from performance engineering of
software systems could benefit from the area of cloud computing. Examples include
SaaS performance design,autonomics, performance monitoring ,resource utilization
and data analysis.

Due to benefits offered by Cloud computing, Quality of Service (QoS) is a
broad topic in this technology, and some important quality measures in cloud’s users
prospective have to be evaluated (Oumellal et al., 2014) [6]. Quantifying and
characterizing such performance measures requires appropriate models. Kleinrock
(1975) [7] has shown that to model networks and estimate its QoS parameters, the
queuing theory models are a classic and powerful tool.

However, and due to the diversity of services in cloud computing, different
tasks can be treated in a cloud center and queuing modeling of cloud services has to
take into consideration the type of tasks that is studied and to adopt a differentiation
policy between tasks which share the resources. On the other hand, an aspect that has
not received enough interest in the research is the possibility of batched arrivals.

Thus, in this paper, we suggest using the PSS servers management schemes
that proved its efficiency in the bandwidth management in WiMAX networks,
compared to the classical CPS scheme (Yue et al., 2008) [8], and we study this
mechanism using an analytical queuing model. This study meets the following
requirements:
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- Taking into account the priority tasks of the new arrivals in the Cloud
Computing center;

- Taking into account the possibility of batch arrivals.

- Diversification of management schemes of servers in the Cloud Computing
center.

In the proposed analytical model, an open queuing network model (QNM) is
used, which consists of interacting multiclass generalized exponential (GE)-type
queuing and delay systems with multiple servers and finite capacities. Maximum
entropy (ME) analytic solutions are derived, subject to appropriate GE-type queuing
and delay theoretic mean value constraints and expressions. The model states and the
blocking probability distributions are determined by closed-form expressions.

These mathematical assumptions make the proposed model more convenient
for the cloud environment nature, and it confers to the model the quality of being
close to reality and the quality of scalability. Moreover, and due to the introduction of
the finite capacity, the system may experience blocking of task requests.

The rest of the paper is organized as follows: in Section 2 we give a brief
overview of related works on cloud performance evaluation and performance
characterization of queuing systems. Management schemes of servers are introduced
in Section 3, analytical model in detail in Section 4 and we proceed to performance
measures in Section 5. The numerical results are presented in Section 6. Concluding
remarks follow in Section 7.

2. Related Works

Cloud Computing provides user with a complete software environment. It provides
resources such as computing power, bandwidth and storage capacity. It has engrossed
considerable investigating attention, but only a diminutive portion of the work done
so far has addressed performance issues, and rigorous analytical approach has been
adopted by only a handful among these, particularly that adopting queuing theory
models.

Yang et al., (2009) [9] proposed a fault recovery system scheduling for cloud
services and analyzed the system as an open queue problem using a M/M/m/m+r
queuing system ; the results showed that addition of fault recovery increases average
response time.

Xiong and Perros (2009) [10] modeled a cloud center as the classic open
network from which the distribution of response time is obtained, assuming that both
inter-arrival and service times are exponential. Using the distribution of response
time, the relationship among the maximal number of tasks, the minimal service
resources and the highest level of services was found.

The cases of queuing system with generally distributed service time were the
subject of most theoretical analyses. However, in these cases the steady state
probability, the distributions of response time and the queue length have yet to be
solved exactly. Consequently, researchers have developed many methods for
approximating its solution.
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Yao (1985) [11] defined a diffusion approximation model for a M/G/m queue
as solving the equations incorporating some known results of the queue into the
model. Their numerical studies indicate that the refined model provides significantly
improved performance.

However, in many practical cloud service situations, the time dependent
arrivals of tasks are to be considered in order to have accurate prediction of the
performance measure of the Cloud Computing (Satyanarayana et al., 2013)[12].
Besides, a number of measurement studies have revealed that the traffic generated by
many real world applications exhibit a high degree of burstness and poses correlation
in the number of request arrivals (Sai et al., 2011)[13]. Therefore, the traditional
Poisson process models cannot capture the burst nature of request arrival process.
Hence, it is necessary to develop queuing model taking into account the
characteristics of the type of modeled traffic.

The generalization of the M/G/m/m+r model given by (Khazaei et al., 2012)
[14], has been improved by (Oumellal et al., 2014) [6] using an MMPP model for the
task of arriving in the center. Thus, the diversity and burstness of user requests was
made in this paper.

Another aspect of arrival that can be studied in a Cloud Computing center is
the possibility of batch arrivals. At the best of our knowledge, there is no study that
uses a model taking into account this aspect. Modeling arrival process in a queue
system using Generalized Exponential distribution (GE) is a useful tool, as it is a
generalization that can take into consideration the batch arrivals, and several features
of the models in which customers arrive singly are maintained in this generalization.

There are few works using GE distribution in network modeling. Kouvatsos,
in a series of publications (Kouvatsos, 1988; Kouvatsos, 1988; Kouvatsos, 1986;
Kouvatsos, 1986; Kouvatsos, 1994) [15, 16, 17, 18, 19], laid the foundation of a new
analytical frame work which can be used to derive minimally biased approximations
of performance distributions for queues, and queuing networks with General /
Generalized exponential traffic with infinite buffers, subject to mean rate and squared
coefficient of variance (SCV) of inter arrival and service time distribution. The
minimal biased approximations of performance distributions for finite queue with
General/Generalized exponential distribution with finite/no finite buffer derived are
hypothetically deduced from queues with infinite buffer (Kouvatsos, 1986; Awan,
2006; Kouvatsos, 2003) [20, 18, 21].

Authors (Kouvatsos et al., 2003) [22] have extended the model proposed by
Hu and Kleinrock (1997) [23], by relaxing the assumption of Poisson arrival process
using a GE/G/1/K queue to model finite input buffer. This paper proposes an
analytical model for predicting the average worm latency in the hypercube with
deterministic routing, wormhole switching and finite size input buffers.

In this work, we model a Cloud Computing centre management scheme as a
queuing network model (QNM) that consists of three interacting multiclass
generalized exponential (GE)-type queuing and delay systems with multiple servers
and finite capacities.
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3. The Management Schemes of Servers

Management of servers in a Cloud Computing center is a complex issue due to a
broad range of traffic characteristics and performance constraints. Continuous servers
control ensures that differentiation between traffic classes is treated in the proper way.
In literature, there are several servers management schemes that are used in
telecommunication networks. In this section we present two among the best-known
management schemes: CPS and PSS.

3.1  Complete partitioning scheme (CPS)

CPS divides the total cell capacity to simultaneously serve multimedia traffic. As a
consequence, the transmission of tasks with three classes: high priority, mid priority
and low priority, can be studied separately (Fig 1).
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Fig. 1. An open QNM of a Cloud Computing system under CPS

3.2  Partial sharing scheme (PSS)

PSS is based on a partial sharing of service where the high priority class does not
tolerate any delay, so it has the highest priority and it is independent of other traffic
flows, followed by that of mid priority partition and low priority partition. Low
priority tasks will get some available servers from the mid priority class, but it will
give them back to the mid priority class when the new incoming mid priority tasks
arrive (fig 2).
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Fig. 2. An open QNM of a Cloud Computing system under PSS

4. Analytical Model for the Management Schemes of Servers
4.1  GE-Type Distribution
The case where simultaneous arrivals are allowed is a common case for traffic
arriving in a Cloud Computing center. To give a model that has the quality of being
close to reality, it is necessary to take into account this constraint.

The Generalized Exponential distribution is a suitable tool to model batch
arrivals in a Cloud Computing center.

The GE-type distribution is of the form (Awan, 2006; Kouvatsos, 2003) [24]:
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}, t>0 (O
where 1/v is the mean and c? is the squared coefficient of variation (SCV), used to
approximate general distributions with known first two moments.

Although the GE distribution is improper forc? <1, it is still a useful and
versatile tool in the field of system modeling.

The GE distribution has a counting compound Poisson process (CPP) with
C*+1

geometrically distributed batch sizes with mean . It may be meaningfully used

to model the inter-arrival times of bursty multiple class.

4.2  Maximum Entropy Formalism

The ME formalism provides an analytical solution approximated to that of queuing
system and networks with stochastic and operational analysis subject to well-defined
constraints.

For each class i(i=12,..,R,R>1), let (% ,C;) and (% ,Cjij be the mean and

SCV of the inter-arrival and service time distributions, respectively. Note that
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(=12

..... R) under the PS (Process Sharing policy) rule is defined subject to

discriminatory weights. Moreover, for either a GE/GE/c/N/FCFS/CBS (under
Complete Buffer Sharing policy) queuing system or a GE/GE/1/N/PS delay system,
let at any given time:

R
S=(nyN,... Nr,r) be a joint queue state , where > n, <N, n; (i=1,...,N), be the

i=1
number of class i task in the queue (waiting and/or receiving service) with r(
1<r <R) denote the class of the current task in service (n.b., for an idle
queue S=0 with r=0).
ni(S)= the number of i tasks present in either the GE/GE/1L/N/PS or the
GE/GE/c/N/FCFS/CBS system.

7, be the blocking probability that an arrival of class i will find the system at
full capacity.

Q be the set of all feasible states of S.

For each state S, SeQ, and class i,(i=12,..,R), the following auxiliary

functions are defined:

1if r=i.
s, (S) = . , Vi.
0, otherwise, GE/GE /1/ N /PS

R
1if ny >k and k<c—>'n,.
Sy (S) = =1 :

J#i

0, otherwise, GE/GE /c/ N /FCFS /CBS

=1

R
Lif » n,(S)=N,ands,(S)=1
LRI (S)
0, otherwise, GE/GE /1/ N /PS

j=1

R
Lif > n.(S)=N,and s, (S) =1
LW ()
0, otherwise, GE/GE /c/ N /FCFS/CBS

Note that the constraints of the server state are s,(S)ors, (S), which is related to

the service utilization. On the other hand, the constraints of the queue capacity are
designed as f,(S)or f,(S).

Suppose that the following mean value constraints about the state probability

P(S) are known to exist:
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> Normalization

> P(S)=1 2

SeQ

> Service utilization

Y s(SP(S)=U,, 0<U,; <1,
SeQ

i=1..,R GE/GE/1/N/PS

Y s (9P(S)=U,, 0<U, <1, 3
SeQ

=1..,R;k=1..,c GE/GE/c/N/FCFS/CBS
> Average number in the system{Li ,i=1, 2, ...,.R },

> n(S)PS)=L,i=12,..,R (4)
SeQ

sin /U <L <N GE/GE/L/N/PS
U,<L <N  GE/GE/c/N/FCFS/CBS

> Full buffer state probabilities (4,4, i=L1...Rk=L1...c}
2 iOPE)=¢, 0<4<1
SeQ
i=1.,R  GE/GE/1/N/PS

2 fS)P(S) =gy, 0<g, <L,
SeQ
i=1..,Rk=1..,c GE/GE/c/N/FCFS/CBS

)

satisfying the class flow balance equations, namely
Al-m)=pU,, i=12..,R (6)

The form of the ME joint state probability distribution {P(S),S<Q} can be

characterized by maximizing the entropy functional H(P)=->"P(S)logP(S) subject to
SeQ
prior information expressed by mean value constraints (2)-(5). By employing

Lagrange’s method of undetermined multipliers, the following solutions are obtained:

R
Hgf 9 VS eQ, GE/GE/1/N/PS
i=1

ﬁ[°

i=1

P(S)= U]

N\l—\ N\H

o)}y f ]VSEQ GE/GE/c/N/FCFS/CBS

1
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where Z=1/P(0) is the normalizing constant, {g;,x.y,,i=1..,R} and
{9 % Yari=1...,R k=1..c} are the Lagrangian coefficients corresponding to
constraints (3)-(5) per class, respectively.

4.3  The Aggregate ME Probability Distribution
The aggregate state probabilities {P(n),n=1,...,N} , are given by:

R
l{Zgixi yi“ﬂxm GE/GE/L/N/PS
P(m)={ " ©)

R C
% {Hgfk'k‘s)xi yi;«‘s)}xm GE/GE/c/N/FCFS/CBS
i=1

k=1

n-1 if n<N-1
N if n=N

R R
Where Z=1/P(0), X=)x, andn=>n,, m:{
i=1 i=1

4.4  The Lagrangian Coefficients
Kouvatsos and I.U. Awan (1998) have shown that the Lagrangian coefficients
{%.0,9,.i=1...Rk=1..c} can be approximately determined via closed form asymptotic

expressions relating to the ME solution of the corresponding GE-type infinite capacity
queues at equilibrium.
Moreover, the Lagrangian coefficients {y.,y,,i=1..Rk=1...c}can be

determined via the flow balance equation (6) (Xing et al., 2006) [25].

X = ﬁl (1_ai)+aipi (9)
BL-ap)+ap,
g =—4br GE/GE/1/N/PS
Ll-a)+ap,

(10)

g, = 2P EDAL@)  oe6e 10/ FCFs cBS
k(ﬂ (1_ai) +ai)

_Gipbi +B1-ap) 1)

W= B -a) ra)

where: «, =2L and g, =2i be the GE-type interarrival and service time non-zero
C, 1 C, +1

stage selection probabilities associated with the GE/GE/1/N/PS and
GE/GE/c/N/FCFS/CBS systems.
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(A GE/GE/1/N/PS
'"“|Alcu,  GE/GE/c/N/FCFS/CBS

5. Performance Measures
5.1  Blocking probability
A universal expression for the marginal blocking probabilities {z,i=1..,R} of a

stable multiple class GE/GE/1/N/PS delay system and GE/GE/c/N/FCFS/CBS
queuing systems can be approximated by focusing on a tagged task within an arriving
bulk and making use of GE-type probabilistic arguments.

R
On assumption that the system is in the state v=(ny, n, ,...,ng) with Y.n =n ,

the number of available buffer spaces is equal to N-n. By focusing on a tag(:;ed task
within an arriving bulk of classi(i=12,..,R,R>1), the following blocking probability

can be clearly determined:
P(a class i tagged task is blocked and its bulk finds the queue in state 0 = (0, O,

0))= {QC(O)(l—ai)NNP(O) GE/GE/1/N/PS )
6°(0)(1—a,)" P(0) GE/GE/c/N/FCFS/CBS
- A
where ei(o)_ﬁi(l—ai)mi ,

P(a class i tagged task is blocked and its bulk finds a queue in state

6,(V)(L-a)" P(v) GE/GE/1/N/PS
v=(N1y,N2 , ..., nR), Zn <N )= (65" (0)1-a)" "P(),0<n<c (13)

i1 GE/GE/c/N/FCFS/CBS
(1-a)""P(v),c<n<N

6,(0) if v=(0,0,...,0)
1 otherwise
Therefore, the blocking probabilities {z,i=1,2,..,R} can be expressed by:

where 6 (v) ={

A P(n) GE/GE/1/N/PS
7 =1"" (14)
Z 0)(L-;)""P(n) GE/GE/c/N/FCFS/CBS

c if n=0
where | ={max(0,c—n) if 0<n<c
0 if c<n<N
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5.2 Utilization of servers

Low priority tasks will get some available servers from the mid priority class, but it
will give them back to the mid priority class when the new incoming mid priority

N
tasks arrive, so the utilization for low priority and mid priority will be: U =) P(n)

n=1
Therefore:
U —1i i WO X GE/GE/1/N/PS
Ip E . gixiyi
U: n:,\J‘. |:l (15)
Upp %ZH{HQW)X yie } GE/GE/c/N/FCFS/CBS
n i=1 | k=1

n-1 if n<N-1
where m= .
N if n=N

5.3  The average number of tasks in the system

L= inP(n)

Therefore:

R
{Zgi Xy }xm GE/GE/1/N/PS

(16)
1 N R [ . n
Ly = Ean_[[ [] g Ox; y (S)} X" GE/GE/c/N/FCFS/CBS

n-1 if n<N-1
where m= ]
N if n=N

5.4  The response time of tasks in the system

Using Little's Law, the average waiting time of tasks in the system for each class is
given by:

> |-

h A {/11,3 - /’L"p a- an )
wnere =
g = A A= 7, )

Therefore:
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wlp:L GE/GE/1/N/PS
A (1-m )
W= ’ . ’ 17)
W, =—"— GE/GE/c/N/FCFS/CBS
4, A= )
6. Numerical Results

In this section we give numerical results where the performances: utilization and
response time are plotted under different scenarios.
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Fig. 3. Effect of traffic variability on the utilization of high priority tasks for a
GE/GE/c/c queuing system

0.9

0.8

0.7

0.6

Utilization

0.5

0.4

0.3

021

0.1
1 2 3 4 5 6 7 8

Mean arrival rate

Fig. 4. Effect of traffic variability on the utilization of mid priority tasks for a
GE/GE/c/N/FCFS/CBS queuing system
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Fig. 5. Effect of traffic variability on the utilization of low priority tasks for a
GE/GE/1/N/PS delay system under CPS and PSS

One of the most important goals in Cloud Computing should be the servers
utilization that can be achieved. In Figure 3, Figure 4 and Figure 5 the utilizations are
given for the three traffic classes as their arrival rates varied.

From Figure 3 and Figure 4 it can be seen that the utilization is an increasing
function of the arrival rates of tasks. And when all servers are utilized, the traffic will
be queued in the buffer and it will suffer through additional delay and reduced
service.

Figure 5 illustrates the use according to the arrival rate of low priority. It can
be seen that the PSS scheme improves utilization compared with CPS scheme. The
improvement is very clear when the average arrival rate is becoming higher. This
occurs since, in PSS scheme, some of low priority tasks can use some servers
assigned to mid priority tasks. As a consequence, the response time and lost of
packets will be improved for the low priority traffic.

1100

&—scv=5

1000 —+— scv=10
—F—scv=20
900 SCv=40

Reponse time

—

50 100 150 200
Number of severs

Fig. 6. Effect of number of servers variability on the response time of high
priority tasks for a GE/GE/c/c queuing system
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Fig. 7. Effect of number of servers variability on the response time of mid
priority tasks for a GE/GE/c/N/FCFS/CBS queuing system
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Fig. 8. Effect of number of servers variability on the response time of mid
priority tasks for a GE/GE/1/N/PS delay system under CPS and PSS

Figure 6, Figure 7 and figure 8 show the evolution of response time when the
capacity of service is varying and with different values of SCV.

The Fig 6 and 7 show the results when the number of servers increases. We
can notice that the response time is a decreasing function, which is a logical result; we
notice also that the higher the SCV, the greater the response time. Indeed, a high value
of SCV is associated to a great dispersion of the service rate even if the mean service
rate remains unchanged.

Figure 8 shows the same behavior of the response time versus mean service
rate and SCV. Moreover, it can be seen that the PSS scheme provides more efficient
results in comparison with CPS scheme for response time for different values of
squared coefficient of variation (SCV = 5,10,20,40). This is due to the impact of PSS
scheme which gives to low priority tasks more opportunities to receive service when
servers dedicated to mid priority are available.
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Conclusion

Servers in a Cloud Computing center can receive traffic from multiple sources with
different QoS requirements. Hence, designing and understanding servers management
schemes are important research issues. In this paper, we studied two servers
management schemes that can be used in a Cloud Computing center.

To evaluate the performances of the two studied schemes, and due to the
inefficiency and the difficulty when using the traditional approach (Markov chains),
we proposed a Maximum Entropy based analytical model. In this model, a GE-type
queuing and delay system with a large number of servers and finite capacities is used.
Closed-form expressions for the system states and blocking probability distributions
are obtained. Typical numerical results confirmed the performance superiority of PSS
(compared to CPS).

The proposed analytical model has the property to be more convenient for the
cloud environment nature, since a Cloud Computing center can receive high data
rates, multiple classes and can have high number of servers.
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