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Abstract This paper considers the Quality-of-Service (QoS) 

aware pricing and scheduling problem in wireless cloud 

computing, where the service provider provides a set of 

services to users through wireless communication. In this 

process, the provider announces a price for each service 

according to the system state and queue length. By collecting 

the service demand from users and observing the system state, 

the provider allocates some resources to serve the demand. 

Due to the dynamic of both the demand and system state, it is 

hard for the provider to make price and schedule the resources 

optimally. This paper first formulates the problem as a 

mathematical model. Then, it proposes the QoS aware 

dynamic pricing and scheduling algorithm (QDPSA). The 

QDPSA algorithm only depends on the current system state 

and queue length and can maximize the average profit of the 

operator. Simulations show that we can get better tradeoff 

between the profit and queue length through setting a control 

parameter. In addition, our results also demonstrate that the 

service with higher value of QoS coefficient can achieve shorter 

queue length, i.e. shorter response time. 

I. INTRODUCTION 

Mobile devices have become an essential part of human 
life in recent years [1]. Correspondingly, the mobile 
applications and services increase rapidly [2]. However, it is 
very challenging to deliver highly sophisticated applications 
on mobile devices due to the limited resources, such as 
battery, processing power and network bandwidth [3]. To 
improve the performance of mobile applications, wireless 
cloud computing is designed to overcome some of these 
limitations by offloading the mobile applications to the 
remote cloud or service provider [4]. In this paradigm, users 
pay for executing applications and the service provider 
allocates some resources to serve these demands, thereby 
yielding some cost. The mission of the service provider is to 
design a pricing and scheduling algorithm to maximize its 
profit. 

In this paper, we consider the Quality-of-Service(QoS) 
aware dynamic pricing and scheduling algorithm to 
maximize the profit in wireless cloud computing system, as 
shown in Fig.1. The system can provide users a variety of 
applications, such as scientific computing, visual search, and 
batch image processing. In this paper, we focus on the delay 
insensitive services, which account for 70% of all workloads 
of the system [5]. Suppose that there are K types of delay 
insensitive services with different QoS requirements 
available to the users, and QoS refers to average queueing 

length. At each time, the service provider observes the 
service queue and the system state and chooses a set of 
prices and announces them to all users. The users react to the 
current price with certain demand Next, the service provider
allocates server resources to serve the demands, resulting in 
K service queues. The above process yields some cost. We 
are trying to explore the pricing and scheduling algorithm so 
as to maximize time average profit of the service provider
while ensuring queue stability and QoS requirement. 
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Fig.1. The pricing and scheduling system of wireless cloud computing

Pricing and scheduling problem has been widely studied 
in the area of computer network [6][7], smart grid [8][9],
WiFi Markets [10], and cloud computing[11][12][13], etc.
For example, in [6], a new price-based two-tier iterative
resource allocation algorithm in wireless ad hoc networks is 
proposed. The algorithm converges to a global network 
optimum. In [13], the authors address the issue of how to 
intelligently manage the resources in a shared cloud database 
system and present a cost aware resource management 
system. Some work tried to tackle the dynamic pricing and 
scheduling problem in wireless environment. By taking both 
pricing and scheduling into consideration, Hande et al [14]
generalize the well-known utility maximization based rate 
allocation model to incorporate pricing of content providers. 
Huang and Neely [15] develop an online algorithm that 
jointly solves the dynamic pricing and scheduling problem
for an Access Point (AP) in a wireless network, which can 
achieve any average profit that is arbitrarily close to the 
optimum. Ren et al [16] focus on scheduling and pricing in 
wireless cloud computing and develop a provably-efficient 
Dynamic Scheduling and Pricing (Dyn-SP) algorithm. Dyn-
SP produces a close-to-optimal average profit while 
bounding the service queue length. To our best knowledge 
all above works fail to consider different QoS, requirements 
of different services for the dynamic pricing and scheduling 
problem in wireless cloud computing.  Some works [17]
focus on the QoS aware scheduling problem in cloud
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environment. However, they do not consider the pricing 
problem and dynamic environment simultaneously. We are 
trying to develop a QoS aware dynamic pricing and 
scheduling algorithm to achieve optimal profit. The main 
contributions of this paper can be summarized as follows: 

 This paper proposes a discrete time model to formulate 
the dynamic pricing and scheduling problem in wireless 
cloud computing and this model is very general. 

 This paper proposes the QDPSA algorithm for solving 
the above problem. This algorithm can be implemented 
with unknown system statistics a priori and achieve 
optimal profit. More importantly, the QDPSA algorithm 
can satisfy different QoS requirements. These 
conclusions are validated by our simulations 

The rest of the paper is organized as follows. Section II 
presents the system model formulation. The QDPSA 
algorithm is developed in Section III. Performance of the 
QDPSA  algorithm is evaluated with simulations in Section 
IV. Section V concludes this paper. 

II. SYSTEM MODEL 

We consider a discrete-time model in which the operator 
of the service provider announces the service price and 
schedules resources to serve the demand at each slot. Key 
notations used in this paper are listed in table I. We omit the 

t  

TABLE I. LIST OF NOTATIOINS 

Notations Description 

ak(t) 
bk(t) 

qk(t) 

pk(t) 
c(t) 

Qk(t) 

u(t) 
S(t) 

Demand of type-k service 
Service rate of type-k service 

Backlog of type-k service 

Price announced by operator for type-k service 
Service cost vector 

QoS aware backlog of type-k service 

Profit of the system 
System state 

A. Demand Modelling 

Let ( )kp t  denotes the price for type-k service advertised 

to the mobile users. Assume that ( )kp t  belongs to a compact 

P set for all t and is bounded by [0, pmax]. The demand ai,k(t) 
for type-k batch service of user i depends on the current price 

( )kp t  and it can be modelled as a function of ( )kp t , 

 , ,( ) ( ( ))i k i k ka t a p t  (1) 

The service provider gathers the demand of each service 
from the network. Intuitively, the demand of service incurs 
in the service provider depends on the user demand and the 
communication network state, 

 1, , ,( ) ( ( ),..., ( ),..., ( ), ( ))k k k i k I k Na t a a t a t a t S t  (2) 

Where I is the number of users, and SN(t) stands for the 
network state, the network state is time-varying for various 

 base 

station. And we assume that the network state process is a 
finite state ergodic Markov chain with state space SN. 
Combing Eq.1 and Eq.2, and without causing ambiguity, we 
can obtain, 

 ( ) ( ( ), ( ))k k k Na t a p t S t  (3) 

Moreover, we assume that there exists a maximum value 
amax such that ak(t amax for all t and all k and  

max( , ( )) 0k Na p S t . Given the current ( )kp t  and SN(t), ak(t) 

is independent of history information. 

B. Service Rate Formulation 

Let bk(t) be the service rate, the amount of batch that can 
be served, at slot t and SD(t) be the service provider state SD. 
Suppose that SD(t) is a finite state ergodic Markov chain with 
state space SD. The system state, which is denoted by S, 
consists of the network state and the service provider state, 
that is, S(t)=(SN(t), SD(t)). In this case, we can obtain S=SN

SD, which is unknown a priori. 

The operator of the service provider should allocate some 
resource to each demand, which yields certain cost. We 
assume that the cost of serving type-k service on slot t is ck(t) 
and there exists some finite value cmax, which satisfies 
0 ck(t) cmax for all k and all t. Further, we denote vector c(t) 
as (c1(t), c2(t),..,cK(t)), and assume that the cost vector 

belongs to some set of cost C, that is, c(t) C. The service 

rate is determined by the cost vector and service provider 
state, 

 ( ) ( ( ), ( ))k k Db t b t S tc  (4) 

The service provider state refers to many aspects of the 
service provider, such as the resources that can allocated and 
the electricity price, and so on. We assume that the service 
rate bk(t) can be continuously split and is bounded by a 
maximum value bmax. 

Since S(t)=(SN(t), SD(t)), we further simplify the Eq.3 and 
Eq.4, yielding the following two equations. 

 ( ) ( ( ), ( ))k ka t a p t S t  (5) 

 ( ) ( ( ), ( ))k kb t b t S tc  (6) 

C. Queue Dynamic and Stability 

Denote qk(t) as the queue backlog of type-k service at 
service provider at slot t. For type-k service, future queue 
dynamic qk(t) is driven by the user demand ak(t) and service 
rate bk(t) according to the following dynamic equation, 

 ( 1) max[ ( ) ( ),0] ( )k k k kq t q t b t a t  (7) 

Where ak(t) and bk(t) are defined by Eq.5 and Eq.6. Let 

q(t) be the queue backlogs vector 1 2( ( ), ( ),..., ( ))Kq t q t q t . 
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We introduce the concept of queue stability similar to 

[18], a discrete time process { ( )}kq t  is mean rate stable if, 

 
{ ( )}

lim 0k

t

q t

t

{ ( )}{ ( )}(((
 (8) 

D. Formulation of the Problem 

At slot t, the total profit of the service provider is, 

 
1 1

( ) ( ) ( ) ( )
K K

k k k

k k

u t p t a t c t  (9) 

Where the first term and second term of right-hand-side 
represent the income and the total cost of the service 
provider at slot t, respectively. In fact, u(t) can be expressed 

as ( ) ( ( ), ( ), ( ))u t u p t t S tc . Define ( )u t  as the expectation 

of u(t) over the first t slots under a particular algorithm, 

 
1

0

1
( ) { ( )}{ ( )}

t

u t u
t

 (10) 

Where the expectation is over the randomness of the 
system state and the random policies. Similarly, we can 

define the expectations ( )ka t , ( )kb t . The problem can be 

formulated as, 

Minimize: limsup ( )
t

u t( )((  (11) 

Subject to:    1) 
{ ( )}

lim 0k

t

q t

t

{ ( )}{ ( )}((((
 k (12) 

                      2) ( )kp t P  (13) 

                      3) c(t) C (14) 

The objective is to maximize the average total profit by 

setting the decision variables ( )kp t  and c(t) in each slot. 

E. Slackness Condition 

Let -u
opt

 be the infimum value of Eq.11 over all feasible 
pricing and scheduling policies. Our work is based on the 
following slackness condition,  

Slackness Condition: If the problem Eq.11-Eq.14 is 

feasible, there exists a positive value  and another value 

 that is related to  and an S-only algorithm p*(t) and c*(t) 
that satisfies, 

 * *{ ( ( ), ( ), ( ))} ( )ku p t t S tc
*{ ( (*

k( (( (*( (( (  (15) 

 * *{ ( ( ), ( ))} { ( ( ), ( ))}k k ka p t S t b t S t kkkc
*{ ( ( ) (k k k( ( ) ( ))} {( ( ) ( ))} { ( ( ), (* *( ( ), ( ))} {( ( ), ( ))( ), ( )) { ( ( ), (( ( ),*{  (16) 

Where the S-only algorithm is the algorithm that makes 
stationary and randomized pricing and scheduling decisions 
every slot t based only on the observed S(t). The slackness 

condition Eq.16 is naturally satisfied by our formulation, as 
the service provider can always set p(t) = pmax such that 
ak(t)=0. Thus, the Eq.15 can be achieved by some algorithm. 

III. QOS AWARE DYNAMIC PRICING AND SCHEDULING 

ALGORITHM 

In the present algorithms, the real queue backlog often 
plays the role of decision variable. However, these 
algorithms consider all service queues to be equally 
important and fail to consider different QoS requirements. 
To overcome the shortcoming, we introduce the concept of 
QoS aware queue and further propose the QDPSA algorithm. 

A. QoS Aware Queue Dynamics 

For type-k service, we define the QoS aware queue 
backlog Qk(t) as a linear function of the real queue length 
qk(t). This linear function satisfies that if qk(t) equals zero, 
the corresponding Qk(t) also equals zero. Therefore, we can 
obtain, 

 ( ) ( )k k kQ t q t  (17) 

Where we call k as QoS aware coefficient. The QoS 
aware coefficient is a positive constant, such that if 

( ) ( )m n

k kq t q t , then we have ( ) ( )m n

k kQ t Q t . In fact, the QoS 

aware queue can be any function of the real function, not just 
linear function, which is left for future work. 

Let ( )kA t  be ( )k ka t  and ( )kB t  be ( )k kb t , which are 

called as the QoS aware demand and service rate, 
respectively. Obviously, they can be formulated as 

( ) ( ( ), ( ))k kA t A p t S t  and ( ) ( ( ), ( ))k kB t B p t S t . Combing 

Eq.7 and Eq.17 and plugging ( )kA t  and ( )kB t  yield the QoS 

aware queue dynamics, 

 

( 1) ( 1)

(max[ ( ) ( ),0] ( ))

max[ ( ) ( ),0] ( )

k k k

k k k k

k k k

Q t q t

q t b t a t

Q t B t A t

(max[ ( ) ( ),0] ( ))k k k k(max[ ( ) ( ),0] () ( ),0] (k k k( ) ( ),0]( ) ( ),0]( ) ( ),0](max[k (max[ ( ) ( ) 0]( ) (( ) 0]( ) ( ),0](k

max[ ( ) ( ),0] ( )k k k( ) ( )( ) ( )( ) ( ),0] (( ) ( ),0] (( ) ( ),0]( ) ( ),0]) ( ),0]max[ ( ) ( ) 0]( ) ( ),0]

 (18) 

In this case, the total profit can be expressed as, 

1 1 1 1

( ) ( ) ( ) ( ) ( ) ( ) / ( )
K K K K

k k k k k k k

k k k k

u t p t a t c t p t A t c t (19) 

In the rest part of this paper, we will show that different 

k can indeed achieve different QoS requirements. 

B. QoS Aware Dynamic Pricing and Scheduling Algorithm 

Instead of using the real queue, we introduce the QoS 
aware queue to simulate the dynamic pricing and scheduling 
algorithm. The resulting algorithm consists of two parts. 

QoS aware dynamic pricing algorithm: At the beginning 
of every slot t, the service provider observes the network 

state and all Qk(t) and chooses the price ( )kp t to minimize 

the following expression, 
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1

( )
( ( ), ( ))( ( ) )

K
k

k k k

k k

Vp t
A p t S t Q t (20)

QoS aware dynamic scheduling algorithm: At the 
beginning of every slot t, the service provider observes the 
service provider state and all Qk(t) and chooses the cost 
vector c(t) to minimize the following expression, 

 
1

[ ( ) ( ) ( ( ), ( ))]
K

k k k

k

Vc t Q t B t S tc  (21) 

The parameter V > 0 is a control variable which can be 
tuned to different values to trade the queue backlog for the 
service -term profit. 

C. Performance Analysis 

We will show how the QDPSA algorithm stabilizes the 
queues and obtains the optimal profit. We first extend the 
slackness condition in the context of QoS aware queue. 

Extensive Form of Slackness Condition. If the problem 

Eq.11-Eq.14 is feasible, there exists a positive value 0Q  

and another value ( )Q Q  that is related to Q  and an S-

only algorithm p*(t) and c*(t) that satisfies, 

 **{ ( ( ), ( ), ( ))} ( )Q Qu p t t S t{ ( (( (( (*( (( (* c  (22) 

 **{ ( ( ), ( ))} { ( ( ), ( ))} Q

k kA p t S t B c t S t kk{ ( ( ), ( ))} { ( ( ), (k k( ( ) ( ))} {( ( ), ( ))} { ( ( ), (( ( ), ( )) ( ( ),**( ( ), ( ))} {( ( ), ( ))( ( ), ( { ( ( ), (*{  (23) 

We derive Eq.22 and Eq.23 from the original slackness 

condition. Let min be the minimum value of all k, and let 
Q  be 

min
. Plugging 

min/Q  into Eq.15 yields, 

 **
min{ ( ( ), ( ), ( ))} ( ) ( / ) ( )Q Q Qu p t t S t{ ( (( (( (*( (( (* c   

Multiplying k in both sides of Eq.16 and plugging 

min

Q  into the resulting inequality yields, 

 

* *

* *

*
min

* *

{ ( ( ), ( ))} { ( ( ), ( ))}

{ ( ( ), ( ))} { ( ( ), ( ))}

{ ( ( ), ( ))}

{ ( ( ), ( ))} { ( ( ), ( ))}

k k k k k k

k k k k

k

Q

k k k

a p t S t b t S t

A p t S t B t S t

B t S t

A p t S t B t S t

c

c

c

c

*{ k k k k( ( ) ( ))} { ( ( ) () ( )) ( ( )* *{{ ( ( ), ( ))} { ( ( ), (( ( ) ( ))( ( ) ( ))}( ( ) (( ( ), ( ))} { ( ( ), (( ( ), ( ))( ( ), ( )) ( ( ),{ ( ( ) ((*{ ( ( ) (( ( )*{ ( ( ), (( ( ),

*{ ( ( ), ( ))} { ( ( ), (*

k k k} {( ( ) ( ))} {( ( ), ( ))} { ( ( ), (( ( ), ( ))} {( ( ), ( ))} { ( ( ),( ( ) ( ))} { ( ( ) (* *{ ( ( ) ( ))} { ( ( ) ((* *( ( ), ( ))} { ( ( ), ((

{ ( (k ( (( (( (*{ ( (( (*{{

*{ ( ( ), ( ))} { ( ( ), (*

k k k( ( ) ( ))} {( ( ) ( ))} {( ( ), ( ))} { ( ( ), (( ( ), ( ))} {( ( ), ( ))} {( ),( ( ) ( ))} { ( ( ) (* *{ ( ( ) ( ))} { ( ( ), ((* *( ( ), ( ))} {(

  

The following theorem shows that the QDPSA algorithm 
can stabilize all queues and achieve O(1/V)-optimal average 
profit, while the queue length is bounded by O(V). 

Theorem 1. If the problem Eq.11-Eq.14 is feasible and 
the slackness condition is satisfied, then the QDPSA 
algorithm with any V > 0 stabilizes the system, with a 
resulting average backlog bound given by, 

 
1

0 1 min

1 [ ( ) ]
limsup { ( )}

Q Q Q optt K

k Q
t k

B V u
q t

t
{ ( )}k ((  (24) 

Where ( )Q Q  is defined in Eq.22 and B
Q
 is defined as, 

 
2 2

2max max

12

K
Q

k

k

a b
B max

2

a b2

max  (25) 

Furthermore, the average profit bound is given by, 

 
1

0 1

1
limsup { ( )}

Qt K
opt

t k

B
u t u

t V
{ ( )}( )}({ ( )}  (26) 

Proof. Define the Lyapunov function as the half of sum 
of the squares of the individual queue backlogs, 

 2

1

1
( ( )) ( )

2

K

k

k

L t Q t
2

11 K

k

1
Q  (27) 

Define the one-step conditional Lyapunov drift 

( ( ( )))L tq  as follows, 

 ( ( ( ))) { ( ( 1)) ( ( )) | ( )}L t L t L t t(((({ ( ({ ( ({ ( ({ ( (Q Q Q Q  (28) 

Furthermore, define the drift-plus-penalty expression as 

( ( ( ))) { ( ) | ( )}L t V u t t{ ( ) |{ ( ) |({{Q Q , and we can obtain the 

following lemma. 

Lemma 1. Suppose that S(t) is i.i.d. over slots. Under any 
pricing and scheduling algorithm, for all t, all possible values 
of Q(t), and all parameters V -
plus-penalty expression satisfies, 

1

( ( ( ))) { ( ) | ( )}

{ ( ) | ( )} ( ) { ( ) ( ) | ( )}
K

Q

k k k

k

L t V u t t

B V u t t Q t A t B t t

{ ( ) |{ ( ) |({{

1

{ ( ) | ( )} ( ) { ( ) ( ) | (
K

k k k( ) { ( )( ) { ( )
k

( ) { ( ) ( ) | (( ( ) ( ) | (( ) { ( )( ( )( ){ ( ) | ( )}( ) | ({ ( ) | ( )} ( ) { ( )( ) { ( )( ({ ( ) | ( )}(

Q Q

Q Q
(29) 

Proof. Squaring the queue dynamic equation Eq.18 and 

using the facts that 2 2max[ ( ) ( ),0] [ ( ) ( )]k k k kQ t B t Q t B t  

and max[ ( ) ( ),0] ( )k k kQ t B t Q t  yields, 

 

2 2

2 2

2 2 2 2

( 1) (max[ ( ) ( ),0] ( ))

              [ ( ) ( )] ( ) 2 ( ) ( )

( 1) - ( ) ( ) ( )
( )( ( ) ( ))

2 2

k k k k

k k k k k

k k k k

k k k

Q t Q t B t A t

Q t B t A t Q t A t

Q t Q t A t B t
Q t A t B t

 (30) 

Taking conditional expectations of Eq.30 and summing 

over k {1,...,K}, yields a bound on ( ( ( )))L tQ . Adding 

{ ( ) | ( )}V u t t{ ( ) |VV { ( ) |( Q  to both sides proves the result. 

Every slot t, the QDPSA minimizes the right-hand-side 
of drift-plus-penalty expression (30) over all algorithms, so 
we have, 

* * *

1

( ( ( ))) { ( ) | ( )}

{ ( ) | ( )} ( ) { ( ) ( ) | ( )}
K

Q

k k k

k

L t V u t t

B V u t t Q t A t B t t

{ ( ) |{ ( ) |{ ( ) |({{

* * *

1

{ ( ) | ( )} ( ( ) ( ) | ( )* * **

K

k k k( ) { ( )
k

( ) | (* ***( ) { ( )( ( )( ){ ( ) | ( )}( ) | ({ * ( ) { ( )( (***( ) { ( )( ({ ( ) | ( )}( ) | (( ) | ( )}*

Q Q

Q Q
(31) 
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Where *( )u t , * ( )kA t , * ( )kB t  are the resulting values 

under any alternative algorithm (p*(t), c*(t)). Suppose that 
the slackness condition is satisfied. Consider the S-only 
algorithm (p*(t), c*(t)) that yields Eq.22 and Eq.23. Because 
S(t) is i.i.d. and the algorithm is only based on the current 

system state S(t), the values of * ( )u t , * ( )kA t , * ( )kB t  are 

independent of current queue backlogs Q(t), that is, 

 * *{ ( ) | ( )} { ( )}u t t u t{ ( ) | ( )} { ( )}* *( ) | ( )} { (* *( ) | ( )} {( ) | ( {Q  (32) 

 * * * *{ ( ) ( ) | ( )} { ( ) ( )}k k k kA t B t t A t B t* * * *{ ( ) ( ) | ( )} { ( ) ( )}* * * ** *( ) ( ) | ( )} { ( )( ) ( ) | ( )} { ( )( ) ( ) | ( )} { ( ) (( ) ( ) | ( ) ( ) (* * * ** ** *( ) ( ) | ( )} { ( )( ) ( ) | ( ) ( )( ) ( ) | ( ) ( )( ) | ( )} { ( )( ) | ( ) (( ) | ( ) ( )( ) | ( )} { ( )( Q  (33) 

Plugging Eq.22-Eq.23 and Eq.32-Eq.33 into (29) yields, 

1

( ( ( ))) { ( ) | ( )} ( ) ( )
K

Q Q Q Q

k

k

L t V u t t B V Q t{ ( ) |{ ( ) |{ ( ) |(Q Q  (34) 

Taking an expectation of Eq.34 with respect to the 
distribution of Q(t) yields, 

 

1

{ ( ( 1)) ( ( ))} { ( )}

( ) { ( )}
K

Q Q Q Q

k

k

L t L t V u t

B V Q t

{ ( ( 1)) ( ( ))} { ( )}( ( 1)) ( ( ))} { (1)) ( ( ))} {( ( ))1)) ( ( )) {

1

{ ( )}
K

Q Q Q Q( )) k

k

{ (B VQ ( )Q ( ))V ( )Q ( ))B VQ V ( )Q ( )

Q Q

 (35) 

Summing over t-1} and dividing by t yields, 

 

1

0

1

0 1

{ ( ( )) ( (0))}
{ ( )}

( ) { ( )}

t

Q t K
Q Q Q

k

k

L t L V
u

t t

B V Q
t

{ ( ( ))( ( ))
{ ( )}({

0 1

{ ( )}
Q t K1

Q Q Q

k

k

B VQ

t
{ ( ){( )Q (V ( )Q (B VQ V ( )Q (

Q Q

 (36) 

Rearranging the items, dividing by Q , we can obtain, 

 

1

0 1

1

0

1
{ ( )}

( ) { ( (0))}
{ ( )}

t K

k

k

Q Q t

Q Q Q

Q
t

B V V L
u

t t

{ ( )}k (

{ ( (0))
Q

{
{ ( )}({ ( )}{ ( )}((

Q

 (37) 

Taking limits as t , we can obtain, 

1

0 1

1 1

0 1 0 1

1

0 1min

min

1 [ ( ) ]
limsup { ( )}

{ ( )}1 1
limsup { ( )} limsup

1 1
limsup { ( )}

[ ( ) ]

Q Q Q optt K

k Q
t k

t K t K
k

k
t tk k k

t K

k

k

t

Q Q Q opt

Q

B V u
Q t

t

Q t
q t

t t

Q t
t

B V u

{ ( )}k ((

{ ( )}k ((
{ ( )}k (k{ ( )}({ ( )}((

{ ( )}k ((

 (38) 

According to Theorem 4.5 of [18], there exists an S-only 

pricing * ( )kp t  and scheduling c*(t) C algorithm that 

satisfies, 

 **{ ( ( ), ( ), ( ))} opt Qu p t t S t uc{ ( (( ((( (( (( *  (39) 

 **{ ( ( ), ( ))} { ( ( ), ( ))}k ka p t S t b t S t kkkk{ ( ( ) (k k( ( ) ( ))} { ( ( ), (( ( ) ( ))} { ( ( ) (**( ( ), ( ))} {( ( ), ( ))( ), ( )) { ( ( ), (( ( ),*{ c  (40) 

Now we fix 0Q , and consider the S-only algorithm 

that yields Eq.39-Eq.40. Plugging Eq.32-Eq.33 and Eq.39-

Eq.40 into the drift bound Eq.29 and taking 0Q yields, 

 ( ( ( ))) { ( ) | ( )} Q optL t V u t t B Vu{ ( ) |{ ( ) |({ ( ) |{ ( ) |Q Q  (41) 

According to the above equation and Theorem 4.2 in [18], 
we can conclude that all queues are mean rate stable. 
Furthermore, similar to the proof of queue bound, we can get 
profit bound, as described in Eq.26. 

IV. SIMULATION 

We call the BDPSA as the basic dynamic pricing and 
scheduling algorithm, in which all services are considered to 
be equally important. In this section, we perform simulations 
for BDPSA and QDPSA algorithms and compare the 

corresponding results of both algorithms. Set  
1 1.5 and 

2 1 . Further, set ( ) ( )k kp t p t . In our algorithms, the 

demand function and service rate function can be any form. 
All the following parameters are set same as those in [15]. 
Assume that the network state and service provider state are 
selected in {Good, Bad} and appear with equal probability. 
For simplicity, we only consider two types of service and the 
arrival rates of both services are the same under certain 
network state. Further, the demand function is given by, 

4 0 (t) 1

3
( ( ), ( , )) 6 ( ) 10 1 (t)

2

2 20 3
( ) (t) 10

17 17 2

k k

p

a p t Bad p t p

p t p

0 (t) 1p(t)(t

(p(1 (1

3
(t) 10

3

2
p

2
(t)(t

 (42) 

10 (t) 0 ( ) 2

( ( ), ( , )) 6 ( ) 20 2 ( ) 3

1 17
( ) 3 ( ) 10

7 7

k k

p p t

a p t Good p t p t

p t p t

0 ( ) 2p0 (0 ( )( )0 ((

p(2 (2 (

3 ( ) 10p3 ((3 ( )3 (

 (43) 

The service rate is given by: 

 ( ( ),( , )) log(1 ( ))k kb t Bad c tc  (44) 

 ( ( ),( , )) log(1 2 ( ))k kb t Good c tc  (45) 

The cost 1( )c t  and 2 ( )c t  satisfy: 

 1 2( ) ( )c t hc t c  (46) 

Where 1.01, 10h c 10 . 
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.We apply above settings into BDPSA and QDPSA 
algorithms and simulate for 100000 slots, thereby yielding 
the results. We plot the average backlog v.s. V under BDPSA 
and QDPSA, as shown in Fig.2 and Fig.3. 

 

Fig.2. Average backlog of both services under BDPSA v.s. V 

 

Fig.3. Average backlog of both services under QDPSA v.s. V 

It can be concluded that the QDPSA algorithm with 
higher QoS coefficient can eventually reduce the average 
queue backlog. This is because that in the QDPSA algorithm, 
all the QoS queues are considered to be equally important, 
thereby yielding similar QoS queue bakclog and the service 
with higher QoS coefficient results in lower real queue 
backlog. Moreover, we find that backlogs of both algorithms 
increase along with V, which is consistent with Eq.24. 

Furthermore, we announce higher price for the service 
with higher coefficient, thereby yielding higher profit, as 
shown in Fig.4. As V grows larger, the profit for both 
algorithms converges on a constant and the QDPSA can 
achieve a [O(1/V), O(V)] profit-backlog tradeoff, which is 
consistent with Eq.24 and Eq.26. 

 

Fig.4. Average profit of BDPSA and QDPSA v.s. V 

V. CONCLUSION 

In this paper, we consider the different QoS requirements 
for different services in wireless cloud computing. By 
introducing the concept of QoS aware queue, we propose the 
QDPSA algorithm. QDPSA can be implemented based on 
the currently available information and achieve the optimal 
profit. More importantly, the QDPSA algorithm can achieve 
different QoS requirements. 
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