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Abstract—In this paper, we optimize resource allocation for
multimedia cloud based on queuing model. Specifically, we
optimize the resource allocation in both single multimedia
service provider (MSP) scenario and multiple MSPs scenario.
In each scenario, we formulate and solve the MSPs’ revenue
maximization problem under eviction probability constraint of
users. Numerical results demonstrate that the proposed optimal
allocation scheme can optimally utilize the cloud resources to
achieve a maximum revenue.

I. I NTRODUCTION
In cloud computing, Zhu et.al. focus on how cloud can
provide QoS provisioning for multimedia applications and
services [1]. Cloud service providers use their own resources
as utilities to process multimedia requests. Then the computing
multimedia results are returned to users who do not need
to pay for costly computing devices. By using multimedia
cloud service, the users can process multimedia applications
on powerful cloud servers of the provider and pay for the
utilized resources by their usage period.
There are two major concerns for multimedia cloud service providers. The first concern is the QoS which includes
response time, probability of immediate service, and mean
number of tasks in the system [2]. Thus, it is important for
multimedia cloud service providers to choose an appropriate
queue system to meet users’ requirements on service response
time. The second concern is the cost of the allocated could
resources. For multimedia could service providers, the cloud
service should be scheduled and computed in an optimal manner. Inappropriate resource allocations will result in resource
waste and revenue degradation of the multimedia service
providers (MSPs). Therefore, it is challenging for MSPs to
optimally allocate resources to maximize their revenue and
satisfy users QoS requirements at the same time.
In cloud computing, several approaches have been proposed
to tackle with resource management [3], [4]. Recently, several
works have addressed resource management based on queueing performance analysis [5], [6], [7], [8], [9]. In [10], the
distribution of response time was obtained for a cloud center
modeled as the classical open network, assuming that both
interarrival and service times are exponential. In [11], the

Copyright 2014 IEICE

distribution of response time was obtained for a cloud center
modeled as an M/G/m/m+r queuing system. However, when
interarrival time and/or service time are not exponential, the
analysis is more complex [11]. If both interarrival and service
times were assumed to be exponentially distributed, and the
system had a finite buffer of size then we have the M/M/m/m+r
queueing model [12], [13].
Considering as a specific cloud, Multimedia cloud mainly
addresses how cloud can process multimedia applications
and provide QoS provisioning for multimedia services. In
order to enable subscribers to receive television programs and
video streams from anywhere, Lau et al. [14] develop an
architectural framework to employ on-demand cloud resources
on IPTV. In [15], an efficient video-based mobile location
search application is implemented in cloud environment to
perform scalable and adaptive online monitoring.
Various resource management techniques have been proposed for cloud resource management [3], [4], [9]. A selforganizing model to manage cloud resources is proposed in
[3] without centralized management control. Authors in [4]
focus on the maximization of the steady-state throughput by
deploying resources for the independent equalized tasks in
the cloud. In [9], the authors optimize resource allocation
for multimedia cloud based on the service response time in
both single-class service case and multiple-class service case.
Compared to these previous work, our work demonstrates
the following novelties: 1) we study the relationship between
QoS, multimedia cloud provider’s revenue and cloud resource
allocation in different scenarios base on queuing model; 2)
we analyze the cloud resource allocation in both single MSP
and multiple MSPs scenarios, and provide optimal resource
allocation respectively to meet users’ constraints and maximize
the MSPs’ revenue.
II. S YSTEM M ODEL
This section presents our system models, including multimedia cloud computing architecture, queueing model and revenue
model of the multimedia service provider.

Λ
A. Multimedia Cloud Computing Architecture
Most of multimedia clouds are built in the form a multimedia cloud server farm which consists a bunch of computing
servers. Computing servers act as the real processors, which receive tasks through the multimedia cloud service load balancer
and then process users’ requests using their own resources and
associated media data [1]. We assume the latency of internal
communications between the multimedia cloud service load
balancer and the multimedia cloud server farm is negligible.
Thus, all tasks requested by user can be done simultaneously
in parallel in the multimedia cloud server farm [1]. After
processing, all the media service results will be transmitted
back to users.
B. Queuing Model
We model a multimedia cloud server farm as a M/M/m/m
queuing system, presented in [16] and [17], which indicates
the interarrival time and task service times of requests are
exponentially distributed. The principal quantity of interest
here is the probability that a request arrival will find all m
servers busy and will therefore be evicted. The system under
consideration contains m servers which render service in order
of task request arrivals (FCFS). The capacity of system is m
which means there is zero buffer size for incoming request.
This is a reasonable model because the multimedia applications require immediate service response (i.e., no waiting
in the input buffer) as a strict QoS requirement of real-time
multimedia applications such as IPTV, voice over IP and online
webinars applications. As the population size of a typical cloud
center is relatively high while the probability that a given
user will request service is relatively small, the arrival process
can be modeled as a Markovian process. It means that task
interarrival time is exponentially distributed with a rate of λ1 .
The service times of the requests are identical independently
distributed (i.i.d.) random variables (r.v.s) following exponential distribution with parameter µ (service rate). The transitions
represent the state transitions by the task request arrivals and
departures. Let’s Πi denotes the stationary distribution of the
system having i working servers. Thus, we have the global
balance equation as
λΠi−1 = iµΠi , i = 1, 2, ..., m.

(1)

Therefore, we obtain
 i
λ 1
Πi = Π0
, i = 1, 2, ..., m,
µ i!

(2)

augmented by the normalization equation
m

∑i=0 Πi = 1.

(3)

Thus, we have
 i #−1
λ 1
m
.
Π0 = ∑i=0
µ i!
"
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Fig. 1. Task arrival, evict and departure scheme.

(a)

The probability that a request arrival will find all m servers
busy and will be evicted is
 m
(λ µ) m!
(5)
Πm =
 i. .
(λ
µ)
i!
∑m
i=0
C. Revenue Model
In a real-life scenario, cloud computational resources are
shared among different cloud users who will pay for the
services according to their usage of resource. Generally, the
resource details are hidden from users through virtualization.
Observed from user perspective, services are identical in terms
of functionality and interface. In this paper, we employ a linear
function to model the relationship between the payment of
users to the service provider and allocated resources. Thus,
the user pays the servicing fee of p per task unit.
It is not reasonable to provide the same QoS to the users
who would like to pay more for better services. Unlike best
effort service users, real-time multimedia cloud users request
immediate service. However due to limited resources, the MSP
has ability to provide m immediate services by m servers.
Thus, the MSP has to evict all requesting-service if all m
servers are occupied as illustrated by Figure 1. It means that
the MSP does not satisfy the service level agreement with the
users. Therefore, each evicted request of users is compensated
by a reimbursement of ε, where ε = βp. We assume 0 ≤ β ≤ 1
to represent the tolerance of users. The less β is the more
tolerance of users is. It is also possible to differentiate the
reimbursement rate εi between MSPs. Then, the revenue of
the MSP is given as follows

m
m
ℜ = p ∑i=1 iΠi − ε(λ µ)Πm − c ∑i=1 iΠi − mC.
(6)
The first part of the revenue ℜ is the average profit which the
MSP obtains by charging users p per completed task request
unit. The second part is the average cost due to eviction of
a task request. The third part is the average computing cost
where c is the computing cost of a working server. The fourth
part, mC, is the cost for infrastructure deployment of m servers.
III. O PTIMAL R ESOURCE A LLOCATION FOR M ULTIMEDIA
A PPLICATION
In this section, we use the proposed queueing models to
study the resource allocation problems in single MSP scenario
and multiple MSP scenario, respectively. In each scenario, we
maximize the MSP’s revenue under the users’ QoS constraint.
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Fig. 4. Multiple media cloud service provider scenarios.

Fig. 2. Revenue of the MSP with λ = 200 requests/second.

range of 200 to 300 servers in order to estimate the optimal
number of server by observing. Thus, the revenue value ℜ(m)
of the MSP is increasing from m =1 to the optimal m∗ = 231,
then, is decreasing slowly if we continue increase number of
server m. In order to observe the effect of arrival rate λ of
request to the optimal number of server m∗ , we vary the value
of λ as {50,100,200,300,400,500}. As can be seen in Figure 3,
when the arrival rate of request increases, we need to employ
more servers to response. The optimal number of server likely
increase linearly by the increasing of the arrival rate of request.
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Fig. 3. Optimal Number of Servers vs. Arrival Rate of Request

A. Single MSP Scenario
Since different applications often have different requirements on service response time, it is challenging for cloud
providers to meet all users requirements with the minimal
resource cost. Therefore, we formulate the optimal resource
allocation for multimedia application problem, which can be
stated as: to maximize the total revenue of the MSP by
determining the optimal number of server under the eviction
probability constraint of users. Mathematically, the optimal
resource allocation for multimedia application problem can be
formulated as follows.

m
m
max ℜ(m) = p ∑i=1 iΠi − ε(λ µ)Πm − c ∑i=1 iΠi − mC,
m

(7)
s.t.

Πm ≤ I,

where I is a given upper bound of the probability of eviction.
It means that I is the maximum average evicted task requests
that the multimedia application can tolerate. Problem (7) is a
integer maximization problem, however, it can be effectively
solved by numerical method because it has one variable m.
Numerical Setting: We perform numerical analysis to evaluate the proposed scheme with the parameters: p =1$/request,
c =0.2$/server, C=0.1$/server, λ is given in range of 50 to 500
requests/second, µ = 1 request/second, β is 0.5, I = 0.05.
Figure 2 shows the shape of the revenue function ℜ(m).
We zoom in the curve of the revenue function ℜ(m) in the
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In this subsection, we study the resource allocation problem
in multiple MSPs scenario which is described in Figure 4.
Suppose there are N MSPs sharing a market having the
multimedia task arrivals of requests follow a Poisson process with mean arrival rate Λ. We assume that there is a
third party provider, named Load Balancer, has a role in
collecting all multimedia task requests and then distribute
it to N MSPs by probabilities. According to decomposition
property, the multimedia task arrivals of each MSP requests
follow a Poisson process with mean arrival rate λ1 , λ2 ,...,
λN respectively such as ∑Nn=1 λn ≤ Λ. We assume that there
is some revenue sharing contract between the MSPs and
the Load Balancer, therefore, we formulate the total revenue
maximization problem in multiple MSPs scenarios as follows
N

min

N

∑ λn ℜn (λn ) − ε

!

Λ − ∑ λn ,

{λ1 ,λ2 ,...,λN },{m1 ,m2 ,...,mN }

n=1

s.t.

Πnmn (λn ) ≤ I, ∀n = 1, ..., N,

n=1

(8)
N

∑n=1 λn ≤ Λ,
where mn is the number servers of the MSP n. Parameter ε
is the eviction payment of a evicted task request from the
Load Balancer in case of there are too many requests to Load
Balancer such that all MSPs together cannot server. However,
Problem (8) is difficult due to the complexity of revenue
ℜ(m) and the eviction probability Πnmn (λn ) as functions of
the number of server as described in (5) and (6), respectively.
Thus, in this work, we assume that the number of server mn of
the MSP n is given and fixed. This assumption is reasonable

for us. We will investigate the competitive and cooperative
behaviors between MSPs by using game theory.

TABLE I
O PTIMAL ARRIVAL RATE IN A SCENARIO m1 = 50, m2 = 100, FOUR
CASES : ( I ) Λ = 50; ( II ) Λ = 100; ( III ) Λ = 150; ( IV ) Λ = 200.
Cases

Λ
Λ
Λ
Λ

=
=
=
=

50
100
150
200

λ∗1

λ∗2

16.67
44.53
44.53
44.53

33.33
55.47
95.24
95.24

The
maximum
revenue
138
1603
2749
2749

Π1m1 (λ1 )

Π2m2 (λ2 )

0.00
0.05
0.05
0.05

0.00
0.00
0.05
0.05
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TABLE II
O PTIMAL ARRIVAL RATE IN B SCENARIO m1 = 100, m2 = 50, FOUR CASES :
( V ) Λ = 50; ( VI ) Λ = 100; ( VII ) Λ = 150; ( VIII ) Λ = 200.
Cases

Λ
Λ
Λ
Λ

=
=
=
=

50
100
150
200

λ∗1

λ∗2

33.33
83.33
95.24
95.24

16.67
16.67
44.53
44.53

The
maximum
revenue
555
4644
6027
6027

Π1m1 (λ1 )

Π2m2 (λ2 )

0.00
0.01
0.05
0.05

0.00
0.00
0.05
0.05

because the Load Balancer cannot have ability to choose the
number of server of the MSPs. Given fixed mn ∀n = 1, ..., N,
we have a equivalent problem to Problem (8) as follows
!
N

min

{λ1 ,λ2 ,...,λN }

s.t.

N

∑ λn ℜn (λn ) − ε Λ − ∑ λn ,

n=1
Πnmn (λn ) ≤ I, ∀n
N
λ ≤ Λ,
n=1 n

(9)

n=1

= 1, ..., N

∑

Numerical Setting: The parameters are set as: p1 = 1, p2 =
0.5 $/request, c1 = c2 = 0.2 $/server, C1 = C2 = 0.1 $/server,
Λ is given in range of 50 to 200 requests/second, µ1 = µ2 = 1
request/second, β1 = β2 = 0.5, ε = 0.5 and I = 0.05.
Table I shows that when the total arrival of request Λ is
small value as 50 and 100, the sum λ∗1 + λ∗2 is equal to Λ.
However, when there are too many request such as 150 and
200, due to the probability of eviction constraint the optimal
arrival rate sum λ∗1 + λ∗2 in (iii) and (iv) are both less than Λ.
The reason that λ∗1 less than λ∗2 in all four cases is m1 = 50
less than m2 = 100. In vice versa, λ∗1 is greater than λ∗2 in all
four cases when m1 = 100 is greater than m2 = 50 as shown in
Talbe II. The total maximum revenue in B scenario is larger
than that in A scenario because the price value p1 = 1.0 is
greater than price value p2 = 0.5 in both scenarios and the
number of server m1 and the optimal arrival request of MSP
1 in B scenario are both greater than that in A scenario.
IV. C ONCLUSION
In this paper, we have studied the resource optimization
problem in multimedia cloud to provide services to obtain
the maximum revenue of MSP. We use the queuing model to
capture the relationship between arrival task request, eviction
of users and the number of servers. For the future works, the
interactions between MSPs become an interesting challenge
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