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Abstract—Cloud services request lower cost compared to traditional software of self-purchased infrastructure due to the

characteristics of on-demand resource provisioning and pay-as-you-go mode. Current enterprises compact their business software as

services into cloud platform to users. In the cloud services market, service providers attempt to make more profits from their services,

while users hope to choose low-cost services with high-quality. The conflict of interests between users and service providers is an

important challenge for the booming cloud service market. This article characterizes this application problem formally based on a utility

game model of service providers and users. In the model, QoS is considered as the basis for determining the utilities of both parties

from an economic point of view. By analyzing the behaviors of users and service providers, we introduce the concept of reputation cost

for the first time in the model and find a QoS solution that balances the utilities of users and service providers in service transactions.

In such a balance, any change in either party’s strategy will result in a loss of utility. And then a QoS optimization method is designed to

obtain a near-optimal QoS solution for a tradeoff between user satisfaction and provider profit. Extensive simulation experiments are

conducted to substantiate the effectiveness of our method. The results are applicable to win-win service applications between service

providers and users.

Index Terms—Cloud services, game, user preference, utility, QoS optimization
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1 INTRODUCTION

CLOUD computing can be regarded as a mode of resource
use. Its main idea is to provide various resources to users

in the form of services through virtualization technology. In
terms of service level, it can be divided into IaaS, PaaS and
SaaS. SaaS (Software-as-a-Service) is a mode of providing
software through the Internet. A service provider uniformly
deploys the application software to the cloud platform and
provides services for users by renting the infrastructure
resources of the cloud platform. A user can obtain various
software services in the cloud according to their own needs
without purchasing expensive software and hardware facili-
ties. Moreover, software upgrade and maintenance can be
completed by cloud service providers, which can greatly
save users’ costs for using software. With the popularization
of cloud computing technology and the increase of service
providers in the cloud platform, especially the increase of
service providers providing similar software, it is an inevita-
ble trend for end users to choose a service that can meet their
functional requirements with the best QoS (Quality of Ser-
vice) but the lowest price. For service providers, in order to

be in a favorable position in the competition, they will
improve QoS by adjusting their service resource scheduling
scheme, so as to obtain higher user satisfaction. Obviously,
the more resources are invoked, the more quality of service
is provided. But it also means that service providers have to
pay higher cost and get lower return at the same price. From
this perspective, the interests of service providers and users
are in conflict. The essence of this conflict lies in the contra-
diction between the cost of service and the quality of service.
Under the constraint of service price, users aim to pursue
services with high-quality, while service providers aim to
provide serviceswith the lowest cost. The conflict of interests
between users and service providers is an important chal-
lenge for the booming cloud service market. How to find a
balance between the interests of users and service providers
is a problem to be solved in this paper.

Existing publications have done a lot of research work in
improving the quality of service or reducing the cost of ser-
vice, which to some extent improves users’ satisfaction.
Most of these works focused on one-sided interest of users
or service providers, but the essence of service process is a
kind of economic activity with interest constraint relation-
ship between users and service providers. Therefore, when
seeking a balance of interest conflict, the interests of both
sides should be considered. This paper regards users and
service providers as economic entities with limited rational-
ity and independence in the cloud service market, estab-
lishes a game model between users and service providers,
and seeks some strategies to balance the interests of both
parties by solving the equilibrium solution of the game.

In the game, QoS is the focus of both sides. On the one
hand, QoS determines the cost of service, and thus has an
impact on the revenues of service providers. On the other
hand, QoS also determines user satisfaction. Therefore,
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balancing the interests of both sides of the game is to find a
QoS solution, which can not only meet the QoS demands of
users, but also ensure the reasonable revenues of service
providers. By analyzing users’ demands for QoS, it is easy
to find that different users have different QoS preferences
for the service instances with the same function under dif-
ferent application scenarios. For example, for a SaaS appli-
cation that implements a logistics distribution system, some
users are concerned about its efficiency, some users are con-
cerned about its scalability, and others are concerned about
its reliability. If a service provider invests $100 to buy the
computing power and storage capacity of the platform so as
to improve the reliability of the service. But for a user who
only cares about the response time of the system, he is
unwilling to pay for the cost of reliability. When the
instance provided by the service provider fails to meet the
user’s QoS demands, the user will choose another service
provider that can better meet his preferences. Obviously,
service providers should adjust QoS based on the preferen-
ces of users, so as to obtain higher user satisfaction at lower
cost. Only in this way can a service provider be in a favor-
able position in the competitive cloud market and ensure
his/her own revenue. But in practice, it is difficult for users
to accurately describe their preferences and needs. The
most effective way for service providers to understand the
needs of users is through the evaluations of users after using
the service. Although we cannot directly derive user
requirements for QoS from these evaluations, they often
reflect user preferences for service performance. Assuming
that user evaluations are consistent with their service per-
formance preferences, we perform the following work.

This paper characterizes the influence of the services with
different QoS on the interests of users and service providers
in the competitive cloud services market, establishes the util-
ity function of both sides of the game based on QoS. In the
process of service transactions, service providers cannot pre-
dict user preferences in advance, and users cannot predict
their experiences after using a service in advance, too. But, a
user can choose a service provider based on the QoS of the
published instance, and a service provider can dynamically
decide his/herQoS based on user satisfaction. It is a dynamic
game with incomplete information between service pro-
viders and users [1]. We analyze the equilibrium conditions
of the game and propose a QoS evolutionary algorithm
driven by the utility game for improving cost efficiency of
users and resource efficiency of service providers. The con-
tributions of this paper can be summarized as follows:

1) Regarding QoS as the focal element, this paper ana-
lyzes the conditions to reach the equilibrium state of
the game between users and service providers, and
introduces the reputation cost to balance current rev-
enue and long-term revenue of a service provider.

2) Based on the theory of incomplete information evo-
lutionary equilibrium, this paper gives the utility
functions of users and service providers in the game,
and establishes a utility game between two parties.

3) Based on the above analysis, this paper presents a
QoS optimization algorithm to solve an optimal QoS
solution, which can tradeoff user satisfaction and
provider profit.

The remainder of this paper is organized as follows:
Section 2 introduces existing related work and summa-

rizes the differences between our work and these studies.
Section 3 formalizes the utility objectives and the con-

straints of users and service providers in a competitive
cloud service market with asymmetric information.

Section 4 gives a theoretical analysis of game model
between users and service providers and establishes a util-
ity game model in terms of user preferences and QoS.

Section 5 presents a game model driven QoS optimiza-
tion algorithm to achieve the nearly optimal QoS solution.

Section 6 discusses the convergence and optimality of the
proposed algorithm on numerical results and compares the
results with different conditions and other optimization
algorithms through the simulations, which is followed by a
conclusion.

Section 7 concludes this paper.

2 BACKGROUND AND RELATED WORKS

In clouds, a three-tiered architecture has been formed
including data center, cloud services and end users, which
corresponds to infrastructure providers, service providers
and users, respectively. Our work focuses on the cloud mar-
ket between service providers and end users. There have
been a number of studies exploiting the resource allocation
and task scheduling methods to resolve the conflicting
objectives of service providers and users [2]. These studies
can be roughly divided into two categories: optimizing QoS
to improve the user satisfaction and minimizing the cost of
service to increase the revenues of service providers while
meeting the users’ basic QoS demands.

For services with equivalent functions, users expect to get
the QoS as high as possible. Some research works improve
single or multiple QoS metrics by optimizing resource sched-
uling to attractmore users. Among these studies, the response
time is considered to be one of themost important QoS. In [3],
[4], the end-to-end delay of a service was minimized by a
workflow scheduling algorithm while meeting the budget
constraint. In the study of QoS optimization, the heuristic
methods ormeta-heuristicmethods have also been effectively
used for the scheduling problem to achieve improved service
performance. In [5], the Ant Colony Optimization (ACO) was
used to improve the performance of cloud service in terms of
reliability, response time, cost and security. In [6], the
machine learning technique was used to establish a quantita-
tive relationship between QoS and service resources. Consid-
ering the matching relation between tasks and resources, an
algorithm based onmixed gamewas built to allocate themost
valuable resource for the tasks in [7] so that the QoS of differ-
ent categories of user tasks was improved. In terms of QoS
optimization of composite services, an approach for QoS-
aware service composition with graph plan and fuzzy logic
was proposed in [8]. The study fully considered the users’
preference for service performance, employed fuzzy rules to
evaluate and rank services, and then selected the optimal QoS
by theGraphPlan algorithm. In [9], a complicatedQoS optimi-
zation of data-intensive applications (DiA) in a hybrid cloud
was studied. A DiA was modeled as a role-based collabora-
tion system. A collaborative optimization approach via IBM
ILOGCPLEX optimization packagewas proposed.
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Although a user hopes the QoS performance is as high as
possible, he won’t buy it without considering its cost. Maxi-
mization of QoS and minimization of cost are the ultimate
goal of users [10]. Some other studies have mainly focus on
optimizing cost underQoS constraints. These studies assume
that users can describe their QoS requirements in precise
term. In [11], the authors presented two workflow schedul-
ing algorithms for IaaS to minimize the execution cost of
workflow while meeting the user defined deadline. In [12], a
market-oriented hierarchical scheduling strategy in cloud
workflow systems was proposed. In [13], the authors used a
modeling framework–ROAR to choose the most optimal and
cost-effective set of cloud resources to meet QoS goal of a
given web application. In [14], [15], the authors maximized
profit within the satisfactory level of service quality specified
by the users through scheduling service requests. In [16], a
resource allocation algorithm was proposed to minimize the
infrastructure cost and SLA violations. In [17], a genetic algo-
rithm for mashup creation was presented to create service
mashups with achieving the optimal cost performance,
which accounted for service packages and parameter trans-
mission time saving inmashup deployment.

To investigate the trade-off between the cost of service
and the expected QoS, an analytical model for the virtualiza-
tion frameworks was proposed and the multi-criteria utility
functions were formulated in [18]. In [19], the authors mod-
eled the relationship between the cost and the QoS of the
OSN service and designed a greedy algorithm to maximize
the total cost reduction while meeting predefined QoS. But it
is even harder to achieve well-compromised trade-offs,
where the decision largely improves themajority of the objec-
tives; while causing relatively small degradations to others
[20]. For this, the authors in [21] presented an ant colony
inspired multi-objective optimization for adaptively produc-
ing autoscaling decision that leads to a well-compromised
trade-off with heavy human intervention. Some studies take
the cost of service as a QoS metrics. In [22], the authors opti-
mized both makespan and cost as a Multi-objective Optimi-
zation Problem (MOP) for the cloud environments, and
then proposed an evolutionary multi-objective optimization
(EMO)-based algorithm to solve the problem of workflow
scheduling on IaaS platform. In [23], an evaluation frame-
work of resource allocation strategies was proposed to con-
duct complex QoS queries on resource allocation instances.
They enabled the tuning of parameters to improve the overall
QoS through quantitative and qualitative comparisons. In
order to optimize the quality of the composite services, the
artificial bee colony (ABC) algorithmwas improved to handle
complicatedmulti-objective service composition and optimal
selection in [24].

The study in [25] has revealed that workload and energy
are also important factors that affecting the cost optimization
of cloud platform. Therefore, the scheduling problem was
modeled by three criteria, constituting amulti-objective func-
tion defined by the weighted summation of the execution
time, cost and load in [26]. Similar work also includes SOC-
CER [27], QRSF [28] and QET [29]. SOCCER is a self-optimiz-
ing resource scheduling algorithm that takes energy as QoS
parameter [27]. QRSF is an efficient cloud load management
framework to find the best match of resource-workload
pair [28]. QET is a QoS -based energy-aware task scheduling

method, which minimizes the energy consumption through
QoS-aware PM selection in cloud data centers [29].

In addition, as an economic model of using IT resources,
the price of cloud service will directly affect users’ behav-
iors. The trend of cloud market shows that the utilization of
dynamic pricing schemes is being increased [30]. How a ser-
vice provider can price a service so as to optimize his/her
profit in a competitive market is a remarkable problem. In
[31], the authors adopted a revenue management frame-
work, which affected the users’ needs through the dynamic
price mechanism. In [32], [33], two energy-aware resource
pricing schemes were designed to benefit all the stakehold-
ers in the long run in the cloud market. In [34], a group auc-
tion model was applied to find the best matching between
users and providers so as to gain benefits in terms of mone-
tary cost and resource efficiency in the cloud market. In
[35], an efficient market mechanisms to commodify resour-
ces in the integration of cloud and IoT (CoT) was proposed.
The QoS optimization problem of CoT applications is trans-
formed into the resource allocation problem to its QoS
demands in the CoT trading.

From these studies, we can draw the following conclu-
sions: (1) The improvement of QoS mainly depends on the
resource scheduling scheme, which also determines the cost
of service. (2) There is a conflict between multiple expected
QoS in most cases. We cannot improve all of the objectives
simultaneously and have to set a trade-off among them. (3)
The price of service is an important factor that causes the
change of service demands and affects users’ choice to a
great extent. (4) In the cloud market, both service providers
and users strive for cost efficiency. However, the interpreta-
tions of their cost efficiency are different. Users seek for best
value for money while service providers primarily aim to
maximize their profits [13]. Our research will find a QoS
solution that balances the objectives of users and service
providers based on these publications from a technical and
economic perspective. The following is a formal description
of the problem to be solved in this paper.

3 PROBLEM FORMULATION

We consider a simplified cloud service platform where all
service providers can provide a kind of service with similar
function, denoted by s.

Let SP denote the set of the service providers that
can provides. Formally, SP ¼ fsp1; sp2; . . . ; spmg where m
(m > 0) is the number of service providers in the cloud plat-
form. Service provider spi provides service si(1 � i � m),
and the set of the corresponding services is denoted by S,
S ¼ fs1; s2; . . . ; smg. Each service provider provides services
to users by renting unlimited underlying resources in the
data center. They can change the amount of rental resources
to manage the cost and the quality of service. The QoS
attributes of service s can be described by k parameters. It is
denoted by QðsÞ, which is a k-dimension vector. The execu-
tion of each service requires the invocation of multiple vir-
tual resources. We define all kinds of virtual resource
contained in the platform as the set of resources, denoted
by R ¼ fr1; r2; . . . ; rbg , where b > 1. The performance of
each service is positively related to the quantity of rental
resources. Assume that the unit price of all virtual resources
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is constant. Under the condition, the higher the quality of
service is, the more service resources need to be invoked,
and the higher the cost of service will be. Let SCðsÞ denote
the cost of service s. Therefore, we can think that SCðsÞ
is mainly determined by QðsÞ. fc is used to represent the
mapping relationship between QðsÞ and SCðsÞ, then
SCðsÞ ¼ fcðQðsÞÞ.

Let U denote the set of users who need to request serv-
ices, U ¼ fu1; u2; . . . ; ung , where n is the number of users
in U . Different users may have different demands for the
QoS attributes. Let P ðuÞdenote the preference of user uon
the QoS attributes of service s, which is a k-dimension vec-
tor corresponding to QðsÞ. P ðuÞ represents a user’s different
attention to various QoS attributes. Assume that all the
users in U can be divided into h (0 < h < n) groups
according to their preferences in our previous work [36].
Let GðuÞdenote the group that user ubelongs to. If
GðuxÞ ¼ GðuyÞ, then P ðuxÞ ¼ P ðuyÞ, where ux; uy 2 U ,
namely, the users in the same group have similar preferen-
ces. And each user’s preference is stable, so a user only
belongs to one group. Obviously, the user satisfaction with
service is related to the quality of service and the preference
of user. Let Fcðu; sÞ denote user u’s satisfaction with service
s(u 2 U; s 2 S), Fcðu; sÞ ¼ feðQðsÞ; P ðuÞÞ. feðQðsÞ; P ðuÞÞ is a
function that depends on the variables QðsÞ andP ðuÞ.

When a user requests a service, he/she hopes to get a ser-
vice with highest quality but lowest price. But for a service
provider, he/she aims to maximize his/her revenue of
rental service. The revenue depends on two factors: net
profit per service and the number of rental services. For the
former, the service provider seeks to keep the cost of service
as low as possible at the same price of service. For the latter,
the service provider tends to improve user satisfaction to
attract more users. Because users cannot interact with all
services in the cloud market, which service a user will
choose depending largely on the satisfaction of other users
with similar preferences. Obviously, the objectives of users
and service providers are conflicting. If the service provider
provides a service with higher QoS to improve user satisfac-
tion, it will inevitably lead to his/her higher cost and lower
revenue. Otherwise, if the service provider lowers QoS to
save cost, it is bound to result in a loss on user satisfaction
and less service requests. From this point of view, QoS not
only determines the satisfaction of a user, but also deter-
mines the revenue of a service provider in the service trans-
action. Therefore, finding a compromised QoS that meets
the requirements of both parties is the key to resolve con-
flicts between users and service providers. For service
providerspi, the solution to the compromised QoS for the
users in GðuxÞcan be formalized as follows.

maxFcðux; siÞ ¼ feðP ðuxÞ; QðsiÞÞ (1Þ
minSCðsiÞ ¼ fcðQðsiÞÞ (2Þ

subject to

ux 2 U; si 2 S (3Þ
SCðsiÞ < PrðsiÞ (4Þ
Rðspi; GðuxÞÞ > Max

i6¼j
Rðspj; GðuxÞÞ (5Þ

where

8uz 2 U; 8spc 2 SP [ sc 2 S

Rðspc; GðuzÞÞ ¼
X

uy2OðGðuzÞ;scÞ
Fcðuy; scÞ=jOðGðuzÞ; scÞj

(6)

if jOðGðuzÞ; scÞj ¼ 0; Rðspc; GðuzÞÞ ¼ 0 (7)

Equation (1) represents the objective of ux, while Equation
(2) represents the objective of spi. For ux, the maximization
of Fcðux; siÞmeans that he can get the best value for the pay-
ment of the service. For spi, the minimization of SCðsiÞ
means that he can obtain higher revenue per service. Con-
straint (3) states the scope of entities participating in service
transactions. Constraint (4) states the condition of service
transactions, namely, the cost of service SCðsiÞ must be
lower than the price of service PrðsiÞ. Constraint (5)
expresses the condition of user ux choosing servicesi, where
Rðspi; GðuxÞÞ represents the reputation of service provider
spi for the users in GðuxÞ. The essence of reputation is the
representation of user satisfaction. For ux, Rðspi; GðuxÞÞ is
the average satisfaction of the users in GðuxÞ with the ser-
vice provided by spi. Whether or not si is selected by ux

depends on Rðspi; GðuxÞÞ. si can be selected by ux if and
only if the reputation of spi is the highest among all the ser-
vice providers. For spi, Equation (5) is the guarantee of the
number of user requests. Equations (6) and (7) state the
evaluation method of the reputation. In (6), OðGðuzÞ; scÞ rep-
resents the set of the users in GðuzÞ that have selected ser-
vice sc, jOðGðuzÞ; scÞj is for the number of users in
OðGðuzÞ; scÞ. So Rðspc; GðuzÞÞ is the average value of historic
user satisfactions with sc for the users in GðuzÞ. We regard
Rðspc; GðuzÞÞ as the reputation of spc for GðuzÞ. When
jOðGðuzÞ; scÞj ¼ 0, namely, the users in GðuzÞ have never
selected sc, Rðspc; GðuzÞÞ ¼ 0.

This promblem model exists in a competitive market
with asymmetric information. Therefore, it contains some
uncertain relationships, which is intractable for practical
instances. Below, we propose a QoS optimization method
based on game theory to balance the interests of users and
service providers.

4. UTILITY GAME MODEL BETWEEN USERS AND

SERVICE PROVIDERS

In the actual cloud service environment, there is a serious
information asymmetry. On one hand, a user doesn’t know
how well does the QoS provided by a service provider. On
the other hand, a service provider is unable to accurately
grasp users’ demands. Therefore, there must be a game rela-
tionship between them. The behaviors of service providers
and users are interacting and influencing each other. QoS is
the focus of users and service providers. The key factor in the
game depends on whether a service is equivalent for both
parties or not. For this, we will analyze the characteristics of
the game between users and service providers in the cloud
service market, establish a utility gamemodel between them,
and discuss the equilibrium solution of the game. In order to
make it easier to read, we first give all the symbols and their
meanings involved in the paper in Table 1.

2594 IEEE TRANSACTIONS ON SERVICES COMPUTING, VOL. 15, NO. 5, SEPTEMBER/OCTOBER 2022

Authorized licensed use limited to: Inner Mongolia University. Downloaded on March 24,2023 at 01:35:10 UTC from IEEE Xplore.  Restrictions apply. 



4.1 Game Analysis Based on QoS

A complete game should contain five aspects: the participants
of the game, the information of the game, the set of all behav-
iors or strategies that can be selected by the players, the order
of the game and the benefits of the players. In the game dis-
cussed in this paper, the participants are SaaS providers and
endusers in the cloud servicemarket. In the game, service pro-
viders can evaluate the cost of service based on the used
resources, know the price of other similar services in the plat-
form, and gain users’ scores on the used services. Users know
which service instance can provide the required service func-
tions and give their scores on the services they have used
according to their preferences. For a service provider, the strat-
egies he/she can adopt include two aspects: the price of ser-
vice and QoS, denoted by {Pr(s), Q(s)}. For a user, the actions
he/she can take are whether to choose a service instance pro-
vided by the service provider or not. Once a service provider
determines the quality of service, users will decide whether to
choose the service according to their demands. For every pos-
sible decision of both sides of the game, there should be a
result representing the gain and loss of each player under the
decision, which is called the utility function.

To analyze the game, we need to consider the following
questions: 1) How to represent a user’s preference -P ðuÞ; 2)
How to measure the relationship between the QoS and the
cost of rented resource -fc; 3) How to measure the relation-
ship between the QoS and the user satisfaction - fe; 4) How
to evaluate the impact of user satisfaction on the revenue of
a service provider. In what follows, we will give the formal
definitions of these questions.

Firstly, QoS is a concrete representation of service perfor-
mance, covering multiple metrics of a service. It can be rep-
resented as a multidimensional vector. Because different
QoS parameters have different metric and scope, we stan-
dardize them to describe a service.

Definition 1 (QoS) [37]. The quality of service is described as a
normalized k-dimension vector. Formally,

QðsÞ ¼ ðq1ðsÞ; q2ðsÞ; . . . ; qkðsÞÞ; (8)

where

qiðsÞ ¼ ðqMax
i ðsÞ � qAi ðsÞÞ=ðqMax

i ðsÞ � qMin
i ðsÞÞ qi 2 QN

ðqAi ðsÞ � qMin
i ðsÞÞ=ðqMax

i ðsÞ � qMin
i ðsÞÞ qi 2 Qp

(
: (9)

In (9), qMax
i ðsÞ, qMin

i ðsÞ and qAi ðsÞ are for the maximum
value, the minimum value and the actual value of ith attribute
of service s, respectively. All the attributes are divided into
two categories: positive correlation and negative correlation.
Qp is a set of positive relevant attributes;QN is a set of negative
relevant attributes. For the former, a higher value is better,
such as throughput, reliability and availability; for the
latter, lower is better, such as response time. Corresponding to
this, the definition of user preference is given as below.

Definition 2 (User Preference) Under the constraint of ser-
vice payment, the users pay more attention to one or serval
QoS parameters, that is, the users are willing to spend more
money to invest in the improvement of the QoS parameters
with high degree of attention. Formally,

P ðuÞ ¼ fp1ðuÞ; p2ðuÞ; . . . pkðuÞg; (10)

where piðuÞ represents the user’s preference for the ith QoS
attribute. For comparison, we limit P ðuÞ subject toPk

i¼1 piðuÞ ¼ 1.

In cloud pricing schemes, the cost of service s is deter-
mined by the amount or running time of underlying virtual
resources used by s. The cost of service SCðsÞis different for
different QðsÞ. To simplify the problem, assume that SCðsÞ
varies proportionally to QðsÞ, furthermore, QðsÞ varies pro-
portionally to the amount of used resources in R. For a type
of service, the cost per unit for improving any QoS parame-
ter is fixed without changing other QoS parameters. Below,
give the definitions of resource cost and service cost.

Definition 3 (Resource Cost Matrix). For b-class virtual
resources supplied by the cloud, R ¼ fr1; r2; . . . ; rbg, the cost
of used resources for improving all QoS parameters of service s
is denoted as CRðsÞ. Formally,

CRðsÞ ¼
c
11

c12 . . . c1b
c21 c22 . . . c2b
. . . . . . . . . . . .
ck1 ck2 . . . ckb

2
664

3
775; (11)

where cij represents the payment of the used resource rj in
order to improve qiðsÞ from qMin

i ðsÞ to qMax
i ðsÞ while other

QoS attributes remain unchanged.

The cost of service is based on many factors, including
the cost of used resources, management fees and implicit
fee clauses in the SLA. The cost of service considered in this
paper is limited to the cost of the used resources, which can
be divided into two parts: the minimum fixed cost for a ser-
vice and the cost of improving the performance of the
service. The definition of service cost is given as follows.

TABLE 1
The Symbol Description

Symbol Meaning

s Service
u User
SP a set of service providers
S a set of services
QðsÞ the quality of service s
R a set of virtual resources
SCðsÞ the cost of service s
P ðuÞ the preference of user u
PrðsÞ the price of service s
GðuÞ the group of user u
Fcðu; sÞ the satisfaction of user uwith service s
CRðsÞ the resource cost matrix of service s
CBðsÞ the basic service charge of service s
Dðu; sÞ the QoS recognition deviation of user u on

service s
V ðu; sÞ the user perceived value of user u on service s
QuMinðsÞ the acceptable lowest QoS of services s for

user u
Ucðu; sÞ the user utility of service s for user u
SRCðs;GðuÞÞ the reputation cost of service s for gaining the

users’ satisfaction in group G(u)
Upðs; uÞ the utility of service s for service provider p

when providing services to users in group G(u)
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Definition 4 (Service Cost). SCðsÞ is defined as the payment
for the used resources when a service provider provides a service
with QðsÞ. Formally,

SCðsÞ ¼ CBðsÞ þQðsÞ � CR
QðsÞ; (12)

where CB is the basic service charge per request, that is, the cost

of providing QðsÞ ¼ ðqMin
1
ðsÞ; qMin

2
ðsÞ; . . . ; qMin

k
ðsÞÞ. CR

QðsÞ ¼
ðc1; c2; . . . ; ckÞT , ci ¼Pb

j¼1 cij, represents the payment for all
kinds of rented resources when q

i
ðsÞ is improved from qMin

i
ðsÞ

to qMax
i
ðsÞ under with other QoS parameters unchanged.

For a user with specific QoS preferences, when the QoS
provided by a service provider is different from his/her
demands, he/she will think that the value of the service is
less than the price he/she pay; otherwise, he/she will think
that the service is good value for money. We call the value
of a service to a user as user perceived value. The relevant
concepts are given below.

Definition 5 (QoS Recognition Deviation). Assuming that
the price of service s is p, the difference between the expected
QoS of user u and the actual QoS is called the user’s QoS recog-
nition deviation. Formally,

Dðu; sÞ ¼
Xk
i¼1

piðuÞ � ðqui ðsÞ=qiðsÞÞ; (13)

where qui ðsÞ represents the value of the kth parameter in Q(s)
expected by user u when PrðsÞ ¼ p.

Obviously, when qiðsÞ < qui ðsÞfor each i (i 2 ½1; k�), user u
believe that service s cannot fully meet his/her demands for
service performance.

Definition 6 (User Perceived Value). A user’s subjective
cognition of a service’s value according to his/her own prefer-
ence is called user perceived value. Formally,

Vðu; sÞ ¼ SCðsÞ=Dðu; sÞ QðsÞ � QuMinðsÞ
0 otherwise

�
; (14)

where QuMinðsÞ ¼ ðquMin
1
ðsÞ; quMin

2
ðsÞ . . . ; quMin

k
ðsÞÞ represents

the acceptable lowest QoS of service s for user u.

When QðsÞ < QuMinðsÞ, user u thinks service s is worth-
less. For example, user u asks for the response time of service
s up to 2 seconds. But the response time of service s is more
than 2 seconds. In this case, the user is not willing to buy
such a service. And a user’s recognition for the value of a ser-
vice is directly proportional to the user’s QoS recognition
deviation. When Dðu; sÞ ¼ 1, the user thinks the value of the
service is conistent with its price. If Dðu; sÞ > 1, the user
thinks the value of the service is less than its actual price.

Below, we will discuss the quantitative relationship
between P ðuÞ, QðsÞ, Dðu; sÞ and Vðu; sÞ. It is assumed that a
SaaS service can be described by two QoS attributes: response
time and security, that is, QðsÞ ¼ ðq1ðsÞ; q2ðsÞÞ. When the ser-
vice is executed, it needs to call three kinds of resources in the
cloud platform: CPU, storage and network, namely R ¼
fr1; r2; r3g. Set CRðsÞ ¼ (3, 2, 4; 4, 5, 3), CBðsÞ ¼ 2, P ðuÞ ¼ (0.8,
0.2) and QuMinðsÞ ¼ (0.3, 0.1). The quantitative relationship
between Dðu; sÞ and QðsÞ is shown in Fig. 1. As shown in

point A in the figure, when Dðu; sÞ ¼ 1, QðsÞ ¼ (0.4, 0.1). At
this time, we can see that the QoS is consistent with the user’s
preferences, that is, the user pays more attention to the
response time of services. When Q(s) is inconsistent with user
u’s preference, there is a certain deviation between the
expected quality of service of user u and the quality of service
provided by a service provider. For example, as shown in
point B in the figure, whenQðsÞ ¼ (0.4, 0.4),Dðu; sÞ > 1. Even
though a service provider spendsmoremoney to provide ser-
vice s, the QoS in point B is no different from that in point A
for user u. The user is reluctant to pay for the extra costs. If
user u purchases the service at this cost, the expected QuðsÞ¼
(0.7, 0.175). In this case, with the increase of the deviation, the
user’s QoS recognition deviation for the service becomes
higher and higher. Specially, when a service provider only
focuses on the security of the service and ignores the response
time of the service,Dðu; sÞ reaches itsmaximumvalue.

Similarly, suppose that user u thinks the lowest acceptable
QoS for a service QuMinðsÞ ¼ (0.2, 0). The relationship
between QðsÞ, PrðsÞ and V ðu; sÞ is shown in Fig. 2. The top
surface of the figure corresponds to the cost of service of dif-
ferent QoS, while the bottom surface corresponds to the user
perceived value of different QoS (Without loss of generality,
we assume that the price of service s is proportional to its
cost, and the ratio equals 1). From Fig. 2, we can see that
when the QoS is inconsistent with the user’s preference, then
V ðu; sÞ < PrðsÞ. For example, whenQðsÞ ¼ (0.7, 0.8), PrðsÞ ¼
15.9, V ðu; sÞ ¼ 9.96 (See point A and B in the figure). In this
case, the user is only willing to purchase the service accord-
ing to the perceived value of the service. In turn, the price
offered by users will affect the distribution of service quality
provided by service providers. If the cost of service is higher
than the perceived value of users, service providers should
adjust the quality of service to accommodate the user’s bid.
In the case that the service provider does not know the user’s
preference, it will inevitably lead to the decline of the overall
service quality. In turn, it will result in further reductions in
user acceptable price. Therefore, there must be a game rela-
tionship between service providers and users, prompting
service providers to adjust the quality of service according to
user preferences so as to improve users’ satisfaction with the
services that have the same value.

Fig. 1 The quantitative relationship between QðsÞ andDðu; sÞ.
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4.2 Game Model Based on Reputation Cost

The nature of cloud service transactions is an economic activ-
ity, so the competition and interaction in the cloud service
market are similar to the free competitive market in econom-
ics. In the competitive market environment, the behavior of
each economic entity is subject to the behavior of other par-
ticipating entities [38]. While users and service providers are
pursuing their own interests, they inevitably have conflicts
with each other. Therefore, theremust be a game relationship
between users and service providers. Most of the gamemod-
els are based on the rationality of the players. But in reality, it
is difficult for users and service providers to be completely
rational. Due to the information asymmetry in the cloud ser-
vice market, the rational limitations of users and service pro-
viders are very obvious. Therefore, to ensure the theoretical
and practical value of game analysis, it is necessary to ana-
lyze the game between limited rational players. Evolutionary
game theory is usually used to study such problems, and the
key to evolutionary game analysis is to determine themecha-
nism of learning and strategy adjustment. In this paper, we
will establish a long-term game model between the users
with similar preferences and service providers, and then
study the process of game in which a service provider can
realize the maximization of user satisfaction and his/her
own interests by mastering user information. Next, we focus
on the analysis of the payoff of users and service providers in
the long-term game process.

The payoffs of both parties are their respective utilities, as
shown in Fig. 3. The utility of the user is associated with
Fcðu; sÞ and PrðsÞ. The lower the price is and the higher the
user satisfaction is, the greater his/her utility is. The revenue
of service provider is decomposed into the current profit and
the long-term profit. The current profit, denoted by CRðsÞ, is
net profit of one deal, that is, CRðsÞ ¼ PrðsÞ � SCðsÞ. But
one-time profit is not an ultimate goal of a rational service
provider. Each service provider will givemore consideration
for his long-term profit, namely, increasing sale numbers.
Whether or not a service with the given QoS can be recog-
nized by its provider and user as being of equal value will
become the key to the equilibrium of game.

Asmentioned above, if the service provider provides a ser-
vice inconsistentwith user preferences, the service experience

of users will be poor. In fact, such phenomenons of informa-
tion asymmetry are widespread in the cloud market. In such
a circumstance, when a user requests an unknown service, he
chooses it based on the reputation of service providers or the
recommendations from other similar users. After one deal is
over, each userwill submit his satisfaction feedback to his ser-
vice provider. In the end, a large number of user feedback
forms the reputation of the service provider, namely,
Rðsp;GðuÞÞ. Good reputation is the guarantee of the long-
term profit of the service provider.

But due to different preferences, different users some-
times give different feedbacks on the service with the same
quality. The clustering problem of users with similar prefer-
ences has been explored in our previous work, and we call it
cloud community [36]. In [39], an algorithmwas proposed to
computes the scores of QoS of web services within a commu-
nity. Inspired by these studies, we abstract a cloud commu-
nity as a player in the cloud market, in which each
individual has the same interest and consistent behavior.
Thus, the game between users and service providers is trans-
lated to be a game between a cloud community and a service
provider. In this case, a user’s choice behavior depends on
the historical user feedbacks fromhis community. If a service
provider provides a service that is not in line with the users’
preference in the community, it will result in poor user feed-
back and loss of reputation. In this sense, the game between
user communities and service providers is not a one-time
game, but a multi-stage observable game of incomplete
information. At each stage of the game, a user makes his/her
decision by the user feedbacks in previous stages and a ser-
vice provider designs a QoS solution based on the user feed-
backs. The user is only interested in the utility brought by a
single service, not caring about howmany users have bought
the service. But a service provider seeks the total profits
from the provided services, not just one service’s profit.
Therefore, the game between cloud communities and service
providers is a multi-stage dynamic game.

Based on the above discussion, we give the utility func-
tions of service providers and users in the process of cloud
service transaction. The utility of user is used to describe
the value of service for a user. If QoS is equal to or higher
than the QoS expected by the user, the user thinks that the
service has a good value for money; otherwise the user
thinks that the service is not worth his/her payment. The

Fig. 2 The quantitative relationship between QðsÞ, PrðsÞ and V ðu; sÞ.

Fig. 3 Game based on utility between users and service providers.
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bigger the difference between expected QoS and actual QoS
is, the lower the value of service is, that is, the lower the util-
ity of user is. So the value of service for a user is determined
by two factors: the price of service and the difference
between the QoS expected by a user and the QoS provided
by a service provider. Assume that the net profit rate of ser-
vice is the same in the cloud market, that is, the price of ser-
vice is the same when the cost of service is the same. In this
case, PrðsÞ ¼ SCðsÞ=ð1�RÞ, where R(0 < R < 1) is for the
profit rate. The utility of user is defined as follows.

Definition 7 (User Utility Function). The user utility of a
service is defined as the difference between the actual price and
the value appraised by the user. Formally,

Ucðu; sÞ ¼ minðPrðsÞ � 1=Dðu; sÞ;PrðsÞÞ � PrðsÞ:
(15)

WhenDðu; sÞ � 1, Ucðu; sÞ ¼ 0, the user is fully satisfied with
the service.

For any service provider sp, his/her profit from service s is
the difference between the price of service PrðsÞ and the cost
of service SCðsÞ in each service transaction. It can be seen
through the above analysis that the high user satisfaction
can bring a good reputation, and a good reputation means
that the service provider can obtain more user requests and
more profits in the future. Therefore each service provider
cannot ignore the user satisfaction with the service he/she
provides. From the long-term interests, each service provider
is bound to pursuit a higher user satisfaction. Howerver,
building a good reputation cost a lot more. In order to achieve
better satisfaction, service providers have to sacrifice some of
their own current profit to improve the quality of service. In
the paper, the definition of reputation cost, denoted by
SRCðs;GðuÞÞ, is presented to balance the current profit and
the user satisfaction of a service provider. If the service pro-
vider just pursues the net profit per service, it will decrease
the user satisfaction, resulting in the loss of the provider’s rep-
utation and a rapid decline in the number of user requests. If
the service provider wants to increase the number of user
requests, he/she needs to improve QðsÞ to increase the user
satisfaction. In general, the reputation of service provider is
made to increase slowly/decrease rapidly by the influence of
user satisfaction. So SRCðs;GðuÞÞ should grow or decline in a
nonlinear tendency along with user satisfaction. In view of
this idea, the nonlinear transforming parameter function
based on the nonlinear hyperbolic tangent function,
y ¼ tanhAx, is used to quantify SRCðs;GðuÞÞ, where AðA �
1Þ is constant for the curve gradient. In the function, the step
size of SRCðs;GðuÞÞ is small when the user satisfaction is
high, otherwise is big. The proposed model is based on our
previous assumptions. To our knowledge, such behavior has
not been studied. Below, we give the definition of reputation
cost.

Definition 8 (Reputation Cost). The reputation cost repre-
nsents spending money on user satisfaction of a service pro-
vider to gain long-term profit. Formally,

SRCðs;GðuÞÞ ¼ ð1� tanhðA� 1=Dðu; sÞÞÞ
� ðPrðsÞ � SCðsÞÞ (16)

The reputation cost has a constraint on the behaviors of a
service provider to provide poor services. At the same time,
it also creates conditions for service providers to gain higher
total profit. For all this, the reputation cost is introduced into
the utility function of service provider in a single game. The
utility of service provider is defined as follows.

Definition 9 (Service Provider Utility Function). The
utility of service provider is the current net profits of service
subtracting the cost for accumulating reputation in one-time
transaction. Formally,

Upðs; uÞ ¼ PrðsÞ � SCðsÞ � SRCðs;GðuÞÞ; (17)

where Pr(s) is for the price of service s, SC(s) is for the cost of
services.

For service providers, the utility of a service is its reve-
nue, that is, its price minus its cost. But, if a service provider
only pursues his/her revenue and ignores the preference
and satisfaction of users, it will inevitably lead to the reduc-
tion of users’ choice. In this formula, we introduce
SRCðs;GðuÞÞ to constrain the service provider’s adjustment
strategy for Q(s), so that the service provider can constantly
improve user satisfaction through sacrificing some revenue,
and achieve the goal of balancing his/her short-term profit
and long-term profit.

5 UTILITY GAME DRIVEN QOS OPTIMIZATION

Obviously, the game process between the user and the ser-
vice provider mentioned above is a dynamic game based on
incomplete information. The key to solve our problem in
this paper is to find the Nash equilibrium solution of this
game. Evolutionary game theory is a kind of modeling
method used to solve the dynamic game of incomplete
information. This theory holds that all the game players in
reality are finite rational individuals. Each individual can’t
directly determine his/her own optimal strategy, which
needs to dynamically find the optimal behavior through the
imitation, learning and even mutation of the individual. In
the process, “successful” strategies are replicated to achieve
more “satisfactory” utility [40]. For the problem of equilib-
rium solution for dynamic game, Hirshleifer organically
combined the static concepts and dynamic processes in evo-
lutionary game theory, and gave the concept of Evolution-
ary Equilibrium (EE). EE is defined as a local asymptotically
stable equilibrium point. From any small neighborhood of
the equilibrium point, the trajectory will eventually evolve
to this point. When the equilibrium state is reached, the
strategy adopted by the participants is the Evolutionary Sta-
bility Strategy (ESS). At this time, every individual in the
whole population adopts this strategy, and under the action
of natural selection, there is no mutation which can violate
this strategy [41]. Our ultimate objective is to solve a QoS
solution to reach EE state of the game between a cloud com-
munity and service providers. The user preferences ori-
ented EES is beneficial to the efficiency of service cost, and
helps to realize a win-win situation between service pro-
viders and users. Base on above theory, we designed a QoS
optimization algorithm of cloud services based on the utility
functions of both players to automatically find the optimal
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QoS solution to reach EE state. In the process of QoS optimi-
zation, the problems that which QoS parameter should be
improved firstly and how to find a tradeoff among all the
QoS parameters are the main considerations.

ALGORITHM 1: QoS optimization based on utility
game (QoSUG)

Input: P ðuÞ, CR(s), CB(s), R
Output: QðsÞ (the optimal QoS solution for G(u))
Procedure UtilforUser(P ðuÞ, QðsÞ, PrðsÞ, CER, SCðsÞ)
{

1: P ðuÞT  reshapeðP ðuÞ; 1; kÞ
2: UB ¼ CER � P ðuÞT
3: UBE ¼ SCðsÞ=UB
4: [PsðuÞ pind] sortðP ðuÞT ; ’descend ’Þ
5: for i ¼ 1:k
6: qui ðsÞ  CompQxðPsðuÞ; UBE;CERÞ
7: end for
8: QuðsÞ  ðqu1ðsÞ; qu2ðsÞ; . . . qukðsÞÞ
9: Dðu; sÞ ¼ CompDuðQuðsÞ; QðsÞ; P ðuÞT Þ
10: ifDðu; sÞ < 1 then
11: Ucðu; sÞ ¼ PrðsÞ � ðDðu; sÞ � 1Þ
12: else
13: Ucðu; sÞ ¼ 0
14: end if
15: return(Ucðu; sÞ,Dðu; sÞ)}

Procedure UtilforService(PrðsÞ, SCðsÞ,Dðu; sÞ)
{

16: u ¼ A � ð1�Dðu; sÞÞ
17: b ¼ 1� eu�e�u

euþe�u
18: SRCðs;GðuÞÞ ¼ b � ðPr ðsÞ � SCðsÞÞ
19: Upðs; uÞ ¼ PrðsÞ � SCðsÞ � SRCðs;GðuÞÞ
20: return(Upðs; uÞ)

}
21: ChromQoS  GenQoSðNINDÞ // Random distribution

for QoS
22: for i ¼ 1:k
23: cen¼

Pb
j¼1 cij

24: end for
25: CER  ðce1; ce2; . . . cekÞ
26: Do

{
27: for n ¼ 1:NIND

28: SCðsnÞ ¼ CBðsÞþChromQoSðnÞ � CER// the cost
of service

29: PrðsnÞ ¼ SCðsnÞ=ð1�RÞ // the price of service
30: [Ucðu; snÞDðu; snÞ]¼UtilforUserðP ðuÞ; ChromQoSðnÞ;

PrðsnÞ; CER; SCðsnÞÞ
// compute the utility of user

31: Upðsn; uÞ¼UtilforServiceðPrðsnÞ; SCðsnÞ; Dðu; snÞÞ
// compute the utility of service provider

32: ObjV ¼ a1 � Ucðu; sÞ þ a2 � Upðs; uÞ//compute the
objective function

33: end for
34: ChromQoSE  EncodingQoSðChromQoSÞ

//encode every service as a string of binary code.
35: [ObjvS ind] sortðObjV; ’ascend ’Þ
36: F intV  FitnessðInd;NINDÞ
37: SelChrQoS  SelectQoSðF intV; ChromQoSEÞ

// finish the select operation
38: ChildChrQoS  CrossoverQoSðSelChrQoSÞ

//crossover the selected individuals by linkage learn-
ing techniques and guided method [42]

39:
pm ¼

( pmmax�pmmin

1þexpð2� ObjV�ObjVavg
ObjVmax�ObjVavg

�1Þ
þ pmminObjV > ObjVavg

Pmmin ObjV < ObjVavg

// compute the adaptive mutation operation
40: ChildChrQoS  MutaionQoSðChildChrQoS; pmÞ

// mutate the individuals with the probability of pm
41: ChromQoSD DecodingQoSðChildChrQoSÞ

// check with the QoS constraints, retain or discard
42: ChromQoS  RegenerationðChromQoSD;ChromQoSÞ

// replace children of the worst fitness with the best
one
} // iterative solution

While (!UnchangeðMaxChromQðsÞObjV ðChromQoSÞ;MGenÞ)
// until the best individual remains unchanged

43: QðsÞ  MaxChromQðsÞObjV ðChromQoSÞ // Selecting
the best solution

In order to automatically find a QoS solution to reach the
EE state of the game between users and service providers, the
interests of both parties are taken into consideration, and a
weighted optimization method is used to transform the
multi-objective problem into the single-objective problem. By
this way, it is convenient to flexibly set primary optimization
objective according to the actual situation of the cloud service
market, while taking into account the demands of secondary
objective. We can adjust the trade-off to achieve the balance
between supply and demand of the cloud service market so
as to promote the benign competition of service providers in
the cloud platform. For example, when the supply exceeds
the demand in the cloud servicemarket, user utility is the pri-
mary optimization goal; otherwise, the weight of service pro-
vider utility should be appropriately increased. So an
improved version of GA (genetic algorithm) is presented to
find the exact or approximate solution to the problem of QoS
optimization. GA is a search technique inspired by evolution-
ary biology. It uses an optimizing method with stochastic
probability, automatically conducting the search space and
the optimization direction through the fitness function. In
GA, every solution is represented with a string, also known
as a chromosome. Through three basic GA operations, i.e.,
selection, crossover andmutation, imitate the process of biol-
ogy evolution with genetic choice and natural elimination.
When the stopping condition is met, the chromosome with
the best fitness value is the near-optimal solution in the
search space. In the paper, the vector Q(s) is encoded as chro-
mosome, and then the chromosome with the best fitness
value is generated under the constraint of resource cost
matrix CRðsÞ and the price of service PrðsÞ. We combine the
two utility functions of users and service providers and give
a weight to each utility function to set up a total objective
function. The objective function is formally as follows:

ObjV ¼ a1 � Ucðu; sÞ þ a2 � Upðs; uÞða1 þ a2 ¼ 1Þ; (18)

Whena1 ¼ 1, the optimization goal centers on user utility
and a QoS solution is found to maximize the user’s satisfac-
tion. When a2 ¼ 1, the optimization goal centers on service
provider utility and a QoS solution is found to maximize
the service providers’ profits. Otherwise, the objective
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function will solve the optimal QoS from the perspective of
the balance of both parties.

TheQoS optimization algorithm is depicted inAlgorithm1,
which translates the problem of QoS optimization to the sur-
vival of the fittest chromosome. When the objective function
of the optimal individual in the population reaches the maxi-
mum value of individuals in all the generations and its value
remains unchanged after consecutive generations, the algo-
rithm eventually converges to a QoS solution which maxi-
mizes the objective function.

6 EXPERIMENTS AND ANALYSIS

6.1 Experiment Settings

In this section, we will analyze the process of QoS optimiza-
tion based on utility game between users and service pro-
viders. In order to simplify the problem and protect the
experimental results from being affected by other uncertain
factors, assume that the users can give their feedbacks on a
service according to their preferences when they have
already used the service in the experiments. The experi-
ments are divided into four groups. One for analyzing the
convergence process and optimization results when the
objective functions are different, one for analyzing the influ-
ence of SRCðs;GðuÞÞ on the process of QoS optimization,
one for comparing the optimization results between differ-
ent P ðuÞ, and the last one for comparing our algorithm and
others QoS optimization algorithms. The settings of relevant
parameters in the experiments are shown in Table 2.

6.2 Experimental Results

As explained in the parameter settings for the optimization
algorithm, we adjust the weights of utility (Ucðu; sÞ and
Upðs; uÞ) in ObjV to analyze the convergence speed and
QðsÞ after convergence. The experimental results are shown
in Fig. 4 and Table 3.

It can be seen from Table 3 that the results of QoS optimi-
zation are different for users with similar preferences when

the weights of the objective function are different. When a1 ¼
0:7 and a2 ¼ 0:3, after 90 iterations, the process of QoS opti-
mization reaches its convergence. After convergence, the best
individual QðsÞ ¼ (0.8301, 0.6254, 0.3978, 0.1862), the corre-
sponding user utility and service provider (SP) utility are
�0.2653 and 28.3343, respectively. In the evolutionary result,
the ratio of QoS parameters of the best individual is approxi-
mately equal to the ratio of user preference, namely,
qiðsÞ=qjðsÞ ¼ piðuÞ=pjðuÞ(i; j 2 ½1; k�). And the user utility is
approximately equal to 0, which indicates that the value of
service s for user u is equal to his payment for the service.
Whena1 ¼ 0:3 and a2 ¼ 0:7, after 205 iterations, the QoS opti-
mization reaches its convergence. After convergence, the best
individual QðsÞ ¼ (0.7827, 0.4954, 0.0038, 0.0021), the corre-
sponding user utility and SP utility are�30.2577 and 53.1302,
respectively. In the evolutionary result, the first two QoS
parameters, to which the users pay more attention, are
the main concerns for the service provider. So the profit of
service provider has a significant growth, which beyond the
average profit rate of the market, achieving 53 percent. But at
the same time, the user satisfaction has declined by 30 percent
than that of the previous ObjV . It is very obvious that the
increasing rate of SP utility brought by the optimized QoS
solution through the algorithm is higher than the declining
rate of user satisfaction, which maximizes the cost effective-
ness of service provider. When a1 ¼ 0:5 and a2 ¼ 0:5, the
equilibrium of users and service providers comes true
through sacrificing their respective minority utility. Seen
from Fig. 4, for the optimization process focusing on one-side
utility, the convergence process of aggregate utility is consis-
tent with that of the focused side. The utility of the focused
side constantly increases with the evolutional generations,
while the convergence process of the other side has some
unstable oscillations, as shown in Figs. 4a and 4c. The optimi-
zation process for balancing both sides tends to be stable in
the slow growth with small oscillations. Further, due to repu-
tation cost being considered in SP utility, all the SP-oriented
convergence is slower than the user-oriented convergence.

In the second experiment, how curve gradient A affects
the convergence speed of the algorithm is analyzed. Set a1 ¼
0 and a2 ¼ 1, other parameters are shown in Table 2. For
each value of A in Table 4, calculate the mean of multiple
optimization results. It can be seen from Table 4 that the big-
ger the value of A is, the steeper the reputation curve is,
namely, the greater the influence of user satisfaction on rep-
utation cost is. So the small value of A will result in slow
evolutionary process and poor convergence effect, even pre-
mature. With the increase of the value of A, the reputation
cost becomes more sensitive to the change of user satisfac-
tion, and the convergence effect of the algorithm is gradu-
ally strengthened. When A ¼ 2:5, the convergence speed
and convergence effect of the algorithm are preferable. After
that, when the value of A continue to increase, the

TABLE 2
Settings of Relevant Parameters

Parameter Value Meaning of the parameter

CR [19535; 81 2312;
371 89; 79811]

Resource cost matrix

P ðuÞ (0.4; 0.3; 0.2; 0.1) User QoS preference

CB 0 Service charge per request
PrðsÞ 100 Service price
R 40% Mean of profit rate
GGAP 0.95 Selection operator
px 0.7 Crossover operator
pm 0.01 Mutation operator
CN 30 Number of population

TABLE 3
The Experimental Results in the First Experment

Objective Function QoS after convergence Aggregate utility User Utility SP utility Convergence generation

a1 ¼ 0:7; a2 ¼ 0:3 0.8301 0.6254 0.3978 0.1862 8.7381 �0.2653 28.3343 90
a1 ¼ 0:5,a2 ¼ 0:5 0.7828 0.5883 0.3842 0.0003 17.0982 �5.2751 39.4168 245
a1 ¼ 0:3, a2 ¼ 0:7 0.7827 0.4954 0.0038 0.0021 28.3687 �30.2577 53.1302 205
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convergence effect has improved slightly, but the conver-
gence speed is poor.

In the third experiment, set CR ¼ ½2 1 3 4; 2 8 5 5; 6 8 8 8;
10 10 10 10�. The optimized QoS solutions under different
user preferences are compared, and the results are shown in
Table 5. It can be seen fromTable 5 that the result of QoS opti-
mization not only depends on the user’s QoS preferences,
but is closely related to the cost of renting resources. On one
hand, the optimal QoS solution should be consistent with the
user preference so as to promote the user’s satisfaction; on
the other hand, the optimal QoS solution should improve
some QoS parameters with lower cost of renting resources to
increase net profit of the service provider. Considering the
aggregate utility of service provider and user, the service
provider should give priority to improve theQoS parameters
with lower cost according to the user’s preferences.

In the fourth experiment, we compare the performance of
the algorithm proposed in the paper (QoSUG) and the other
two QoS optimization algorithms, including QoS optimiza-
tion algorithm based on ant colony (QoSAC) and QoS opti-
mization algorithm based on particle swarm (QoSPS). The
former regards each QoS solution as a path through which
ants can find food and use the objective function to guide
the updating of pheromones. The latter regards each QoS
solution as a particle in the population, uses the objective
function to calculate fitness value of each particle, then fol-
lows the current optimal particle to search in the solution
space. The experimental results are shown in Table 6. Spe-
cific parameters in the experiment are shown in Table 2.

As can be seen from Table 6, different QoS optimization
algorithms have different optimization performance and con-
vergence efficiency with the target of comprehensive utility

Fig. 4 The optimization process under different weights in the objective function.
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of users and service providers. TheQoS optimizationmethod
based on improved genetic algorithm (QoSUG) proposed in
this paper is the best in terms of the accuracy and efficiency.
AlthoughQoSAC algorithm can also find a optimal QoS solu-
tion in the game, its convergence speed is significantly lower
than that of QoSUG. QoSPS algorithm has a fast convergence,
but its overall optimization performance is poor.

6.3 Summary

Through the above analysis, we obtained the following two
conclusions:

1) When the provided QoS is completely consistent
with the preferences of users, the game between

users and service providers reaches an evolutionary
equilibrium.

2) For service providers, the revenue of a service at the
same price is affected by its resource cost and the
user’s preference. If a service provider wants to
increase the revenue of the service while the cost of
service remains unchanged, he/she should try his/
her best to increase some QoS parameters with large
weight of user preference and reduce some QoS
parameters with high resource leasing cost as far as
possible.

7 CONCLUSION

The problem of game based on utility between users and
services providers in the information asymmetry cloud
market is discussed in this paper. From the two aspects of
theory study and algorithm design, the game model
between users and service providers is analyzed and the
QoS optimization algorithm based on the utility game is
designed, and then the simulation experiments of the algo-
rithm are performed. It provides a valuable guidance of the-
ory and application for service providers to optimize the
QoS. In future, we will further consider optimizing our
model with more measured data from cloud platforms, and
validate our model through actual effects of the service-
based applications.
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