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Abstract In Grid computing environment, quality of
service (QoS) provisioning must be provided to the end
users on the basis of their specific requirements. This paper
proposes in a first step QoS attributes for Grid applications.
In this matter, a mix of quantitative and qualitative
parameters have to be considered. In the context, the
analytical hierarchy process (AHP) technique [1] is a
possible approach to formulate the QoS requirements of
the users for Grid services. In order to apply QoS
preference to actual application, we introduce a QoS
function and a metric for user's satisfaction degrees. These
both tools can be used as an evaluation criterion by the user.
Subsequently, an algorithm of service selection considering
the user's QoS preference is presented. Our empirical
studies indicate that the application can reliably select the
optimal service for users.
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1 Introduction

It is necessary to provide reliable guarantee strategies to
users according to their special QoS requirements in a Grid
computing environment. At the same time, it needs to
support the individual service, and reflects the “server on
demand”. The idea “sever on demand” can also rationalize
the use of system resources, optimize the system resources'
structure [2]. In the practical application, study of QoS
preferences and further their algorithms of service selec-
tions are of great significance.

The definition and computational method for QoS
parameters of a Grid service can reflect the difference
among Grid technologies, such as Web applications, P2P,
and traditional distributed applications. Joutsensaloa et al.
studied weighted computation of the service price, and
deduced the computation decryption of the price weight [3,
4]. Dai et al. provided a description of Grid service, and
made an in-depth analysis and computation to the Grid
service's reliability [5]. Liu et al. has studied the generic
quality standards for Web service, and proposed the
representation of QoS attributes matrix, as well as the
method of QoS computation based on the matrix [6]. Amin
et al. discussed the abstract model of the task decomposi-
tion and the scheduling system, and analyzed the
corresponding strategies to determine QoS weight under
Grid environment [7]. For Web service combination, the
weighted computation of QoS attributes global optimization
method has been studied in literature [8], this method may
be suitable for Grid service across platforms. The service
selection algorithms based on combination and optimiza-
tion of QoS attributes were proposed in perspectives of the
Web service and Grid service, respectively [9, 10]. The
latter also gave fault-tolerant services to ensure the reliable
performance of task processing. In addition, there are other
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works also provided a number of effective solutions for
service selection in Grid computing environment [11–15].

Although the previous works has made great contribu-
tions in QoS decryptions, QoS computation, QoS optimi-
zation and corresponding strategies for service selections,
systematic researches on users’ QoS preferences and
service selection, methods for decryptions, and computation
for QoS preferences in particular, are still very deficient,
and this is exactly the goal and major contributions of the
paper.

Specially, our work was carried out in a Grid computing
environment and related experiments were also imple-
mented in a Grid platform. Therefore, the corresponding
research results are suitable for the Grid computing
environment, but in the similar other network environment
the results should also be used.

2 Representation and computation of QoS preference

In practical applications, a user has often two considerations
to the service selection. On one hand, it is necessary to meet
the QoS requirement while obtaining the quite good
performance-to-price ratio. On the other hand, different users
also pay different attentions to various QoS attributes besides
the basic QoS requirement. For example, some users have a
special requirement to the service price, but others possibly
pay a higher attention to the service response time or
credibility [16]. However, different levels of attention to
QoS attributes are actually user's QoS preferences.

2.1 Representation

Suppose the candidate service set is SC={S1, S2,···, Sm}, the
QoS attribute set of each candidacy service is Q={q1, q2,···,
qn}, then the information of user QoS preferences can be
described with several forms as follows:

(1) Sorting relation vector (SRV): sorting QoS attributes
can indicate various attention degree of the user. In
oi ¼ ðoi1; oi2; � � � ; oinÞ, oij stands for the user’s prefer-
ence for QoS attributes qj, oij indicates the order of
preference of qj in all QoS attributes, and the smaller
the oij, the greater the level of the user's preference.

(2) AHP judgment matrix (AJM): a comparison matrix is
given in which QoS attributes can be compared with
each other. Element αij may be given through the 1∼9
scale law [17] which proposed by Satty in AHP matrix
A ¼ ðaijÞn�n, it expresses the user’s preference to QoS
attributes qi and qj. The matrix A satisfies αij>0, αii=
1, αijαji=1, ∀i, j∈N.

(3) Language evaluation collection (LEC): the degree of
user’s QoS preference may be expressed through

natural language or fuzzy language. The results, which
are the language evaluation collection H, and be
further used to perform relationship processing to H.

What needs to point out is that the above two forms SRV
and LEC finally can be converted into the AJM form and
solved based on AHP. The reason we did so because the
solution technology of AHP is already very mature. In fact,
other representations of QoS preferences ultimately can be
converted into AHP representation (namely, AJM). For
example, without loss of generality, the AHP matrix can be
constructed according to the known QoS preference
function (as Definition 1), and then QoS preferences can
be computed based on the AHP matrix.

Definition 1 QoS preference function: F(X) reflects the
user's QoS preference information, it has n components,
that is, F(X)=(f(x1), f(x2),···, f(xn)), they correspond to the
QoS attribute preference function respectively. The binary
relation “≻” can be used to measure preference level of
components, it indicates the meaning of “superior, pay
more attention to”, and so on.

The next section will explain how to convert and
compute the QoS preference according to its representation.
The specific description of the conversion from LEC into
AJM and the processing strategy of AHP matrix will be
presented. This description will also demonstrate the
detailed process of the conversion and computation of the
QoS preference.

2.2 Conversion and computation

We convert LEC into AJM and give a processing strategy
of the AHP matrix. However, an important task is to
construct the AHP judgment matrix, and reflect the user’s
QoS preferences through the comparison of the QoS
attribute pairs.

The processing procedure of LEC is as follows. First of
all, differentiate the various levels of language evaluation,
then convert the level to the fuzzy figure presentation. For
example, language evaluation collection H of user’s QoS
preferences can be divided into seven grades, namely, H is
{Not Attention Completely(NAC), Not Attention Very
much(NAV), Not Attention(NA), Less Attention(LA),
Generally Attention(GA), Very Attention(VA), Most At-
tention(MA)}. Represent a language evaluation with a
fuzzy figure with a trapezoidal membership function
showed in Fig. 1, and then H can be converted into scaled
form.

The fuzzy preference relation is necessary in order to get
a fuzzy value scope of the language evaluation. So the
fuzzy preference relation is defined as follows.
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Definition 2 (Fuzzy preference relation) The difference of
various elements in Q={q1, q2,···, qn} can be described by
fuzzy preference relation Rk⊂Q×Q, the corresponding
membership function is mk

Q : Q� Q ! ½0; 1�. Supposes
bk(qi, qj)∈R is the fuzzy preference relation between qi and
qj, qi, qj∈Q, and bk(qi, qj) expresses the degree that qi
surpasses qj, and has the following properties: (1) non-
negativity bk(qi, qj)≥0; (2) closure bkðqi; qjÞ þ bkðqj;qiÞ ¼ 1;
(3) complementarity bk(qi, qi)=0.5.

Then LEC can be converted into AJM according to
Fig. 1. In this process, the conversion still has a variety of
methods. We give a definition as follows (that is Definition
3). Therefore, a complementary judgment matrix can be
constructed. Afterwards, it will be processed.

Definition 3 Suppose qi and qj are two fuzzy figures, fuzzy
preference relation bk(qi, qj) is defined as [18]:

bkðqi; qjÞ ¼ Dðqi; qjÞ þ Dðqi \ qj; 0Þ
Dðqi; qjÞ þ Dð0; qjÞ ð1Þ

In this formula, D(qi, qj) is the area that qi controls qj, D
(qi, 0) is the area of qi, D(0, qj) is the area of qj, and D(qi ∩
qj, 0) is the intersection area of qi and qj.

According to Definition 3, we could obtain the fuzzy
complementary judgment matrix bk ¼ ðbkðqi; qjÞÞn�n by this
approach. The fuzzy complementary judgment matrix
describes and reflects the information of user’s QoS
preferences. We could use the characteristic vector method
(CVM) to deal with user’s preference relationship.

The following gives the basic processing method to the
AHP matrix. Take the reciprocal judgment matrix as an
example. Assume the reciprocal judgment matrix is
H ¼ ðhijÞn�m. The basic problem to process H with CVM
is to calculate the largest characteristic root lmax and the
corresponding characteristic vector. The detailed steps are
as follows:

(1) Standardize each column of H, hij ¼ hijPn
k¼1

hkj

, i; j 2 ½1; n�;

(2) Add the element value of each row, w ¼Pn
j¼1

hij,
j 2 ½1; n�;

(3) Standardize vector w ¼ ðw1;w2; � � � ;wnÞT , w ¼ wiPn
j¼1

wj

,

i 2 ½1; n�, the result w=(w1, w2,···, wn)
T is exactly the

characteristic vector;
(4) Calculate the largest characteristic root lmax,

lmax ¼
Pn
i¼1

ðHwÞi
nwi

, in which (Hw)i is the ith component
of Hw.

In order to ensure the credibility and accuracy, it is
necessary to check the consistence. The ideal judgment
matrix should satisfy the consistence condition. The
consistence index (CI) is a stochastic average value, and it
is generally believed that the consistence condition is
satisfied as the exponent number of the matrix not more
than 2. The consistence is acceptable when the consistence
rate is less than 0.1, namely, CR<0.1, and the attribute
weight vector derived from the matrix is also effective.
Otherwise, the judgment matrix needs to be reconstructed.
The following approximate computation is available for CI
and CR of the fuzzy complementary judgment matrix.

CI ¼ lmax � n

n� 1

CI ¼ CI

RI

8><
>: ð2Þ

3 Application of QoS preference

3.1 User QoS satisfaction degree

It is necessary to give methods to evaluate service selection
process which is based on the QoS preference. The
evaluation should mainly consider from user's angle. QoS
satisfaction degree is an important factor. We assume that
QoS attributes and user expectations subject to normal
distribution, which has a strong modeling capacity and
continuity of the value.

Definition 4 QoS satisfaction degree: the degree of
consistence between expected QoS values and the actual
value, it can express with the normal distribution probabil-
ity of QoS attribute q. If the expectation is q*, the QoS
satisfaction degree D follows:

Dðq»Þ ¼ Pðq»Þ ¼ pðQ � qþÞ; qþ ¼ q; q > q»

q»þ q»� qj j; q � q»

�
;

and

PðQ � qþÞ ¼ 1� PðQ < qþÞ ¼ 1�
Z qþ

�1
f ðqÞdq

¼ 1�
Z qþ

�1

1ffiffiffiffiffi
2p

p
s
e�

ðq�mÞ2
2s dq
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0.5
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Fig. 1 The language evaluation scope of fuzzy value
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where, μ is the expected value and σ the standard
deviation.

3.2 Service selection with QoS preference

Assume that the candidacy service collection is SC={S1,
S2,···, Sn}, QoS attribute collection Qi=(qi1, qi2,···, qim), and
user expected QoS Q

»
j ¼ ðq»1; q»2; � � � ; q»mÞ. QoS preference

function is F(ω). Firstly, construct the QoS matrix and
calculate QoS preference vector w. Secondly, calculate user
satisfaction level DðSiÞ for each service candidate through
w. Finally, select the relatively optimal service according to
DðSiÞ. The detailed algorithm is as follows:

Algorithm 1 Service selection with QoS preference

(1) Calculate QoS preference vector w according to F(ω);
(2) Set i=1, k=0, D=0, start to screen SC;
(3) If i>1, then turn to step (7);
(4) Calculate DðSiÞ of service Si;
(5) If DðSiÞ > D, then D ¼ DðSiÞ, k= i;
(6) i ¼ iþ 1, turn to step (3);
(7) If k=0, means that not any service is selected, turn to

step (9);
(8) Service S=Sk is the optimal, return S;
(9) Exit the algorithm.

Without loss of generality, it uses F(ω) to represent QoS
preferences in Algorithm 1, rather than the three represen-
tations proposed in the paper (that is, SRV, LEC, and AJM).
On the one hand, Algorithm 1 calculates the preference
vectors w according to users’ QoS preferences, and makes it
as one of the basis for the service selection. Therefore, the
selected services will be able to reflect user's QoS
preferences. On the other hand, the algorithm uses a vector
of DðSiÞ to determine whether selected services can satisfy
user’s requirements, which is as another basis for service
selection. Because QoS satisfaction degree (that is Defini-
tion 4) reflects the difference of value between the user's
expectation and the actual, therefore it could determine
whether to satisfy user's requirements. Algorithm 1 gives a
balance between these two aspects, so the service selection
on demand could be realized.

The next section implements computations of the two
important vectors in Algorithm 1, which are w and DðSiÞ,
they are respectively computed by Algorithm 2 and
Algorithm 3.

3.3 Algorithm implementation

The computation of QoS preference vector w and user
satisfaction degree DðSiÞ is crucial, they are obtained by

algorithm Pr ef ðFðwÞ;wÞ and algorithm SatisðQ;w;DðSiÞÞ,
respectively.

Algorithm 2 Pr ef ðFðwÞ;wÞ
(1) Construct judgment matrix H ¼ ðhijÞm�m or B ¼

ðbijÞm�m;
(2) Set k=0, calculate accumulation sum:

for j=1, 2,···, m do
{for i=1, 2,···, m do k � k þ hij;
hij ¼ hij k= ;
}

(3) Calculate matrix row-sum:

for i=1, 2,···, m do ωi=0;
for j=1, 2,···, m do
for i=1, 2,···, m do wj ¼ wj þ hij;

(4) Set k=0, obtain QoS preference vector:

for j=1, 2,···, m do k ¼ k þ wj;
for j=1, 2,···, m do wj ¼ wj k= ;
Let w ¼ ðw1;w2; � � � ;wmÞ;

(5) Firstly set lmax=0, then calculate the largest charac-
teristic vector lmax:

for i=1, 2,···, m do ðHwÞi ¼ 0;
for i=1, 2,···, m do
for j=1, 2,···, m do ðHwÞi ¼ ðHwÞi þ hij � wj;
for i=1, 2,···, m do lmax ¼ lmax þ ðHwÞi ðm� wiÞ= ;

(6) Carry on the consistence check:

If CR>0.1, then turn to step (1),else return w and
exit the algorithm.

Algorithm 2 describes how to calculate the preference
vector w according to information of user QoS preferences.
Without loss of generality, F(ω) is still used to represent
user QoS preferences (of course, it can also be any of SRV,
LEC, and AJM). The algorithm summarizes the whole
process of the QoS preference representation, conversion,
and computation, according to F(ω). The algorithm first
construct the AHP matrix and standardize it. Then the
maximum eigenvector lmax and the weight vector w are
computed by the eigenvector method. Eventually, the
consistency check is needed. The final result w can reflect
user QoS preferences, and is one of the bases of service
selections.

Algorithm 3 SatisðQ;w;DðSiÞÞ
1. Suppose single QoS satisfaction degree is dij, initiate

dij:

for j=1, 2,···, m do dij=0;
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2. Calculate D(Si) of Si according to definition 4, namely,
D(Si)=(di1, di2,···, dim):

for j=1, 2,···, m do dij ¼ 2Pðq»ijÞ;
3. Calculate the comprehensive QoS satisfaction degree

DðSiÞ of Si, that is DðSiÞ ¼ DðSiÞ � w, and to exit the
algorithm with DðSiÞ.

Algorithm 3 describes the computing process of QoS
satisfaction degree. In this algorithm, dij is a single QoS
satisfaction degree, which is the satisfaction degree of each
QoS attribute of candidate services computed by Definition
4. At the same time, D(Si) is a total QoS satisfaction degree
of candidate services. However, DðSiÞ represents a com-
prehensive one, which is the product of DðSiÞ and w.

Therefore, DðSiÞ has combined with user QoS preferences
and QoS satisfaction degree to be able to implement server
on demand for users. Eventually, Algorithm 3 will get the
vector DðSiÞ in the light of results from Definition 4 and
Algorithm 2.

During operations, Algorithm 2 and Algorithm 3 will be
called by Algorithm 1 to implement service selections
based on QoS preferences.

4 Experimental results and analysis

4.1 Experimental platform

Our laboratory designed and implemented a monitoring and
analysis system of Grid activity, namely grid vision and
analysis system (GVAS). We applied it to the Grid platform
supported by CGSP. CGSP is a core Grid middleware
developed for Chinagrid. It has consolidated various
educational and scientific resources, shielded the heteroge-
neity and dynamicity, and provides transparent Grid
services with high performance, high reliability, and
security for a variety of scientific computations and
engineering researches. CGSP is a server portal of
Chinagrid, simultaneously also provides a set of complete
development and deployment environments for a variety of
Grid applications.

Chinagrid connected more than 20 universities and
institutes and integrated their computational, storage, and
software resources. We developed CGSP (Chinagrid Sup-
port Platform) [19]. So far, we have developed and
implemented five typical Grid applications such as biolog-
ical information, fluid mechanics, and so on. CGSP
becomes gradually an important platform of scientific
research for Chinese universities.

GVAS utilized the existing hardware, including two
servers(AMD 64 optero, 2 GB memory, 200 GB hard disk)
and 16 hosts (Intel Pentium 4.3 GHz, 512 MB memory),
and installed parts of the CGSP2 system to constructed a
Grid environment, as shown in Fig. 2.

Grid
Application

GVAS Monitor

User

Portal Engine

CGSP Platform

CGSP Platform

Domain Manager
Information Service

CGSP PlatformCGSP Platform

Grid Monitor

G
rid D

om
ain

S Grid Host

Grid Host

Grid Host

S

S

S

Fig. 2 Working environment of GVAS based on CGSP2

Fig. 3 Algorithm packaged as a GRS service
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In order to monitor the Grid hosts, it is necessary to
deploy corresponding sensors in each host to monitor hosts
and collect information such as processing information.
Cooperating with other monitoring tool, we can emphasize
on target-oriented monitoring. System management rou-
tines can be done through Web pages. On one hand, it is
convenient for Grid user to understand task allocation and
the current progress, on the other hand, it can also facilitate
the Grid manager obtain the resource information and the
analysis result from a distance.

GVAS has the characteristics as high stability, a large
number of nodes monitored, a big capacity of database and
good scalability. For two servers currently, they can
monitor hundreds of hosts with a database which capacity
will reach 1∼3T, and have a backup database to ensure the
security of the data. If necessary, so long as to improve
server performance or increase the number of servers, it is
easy to expand scale of GVAS.

4.2 Experiment description and results analysis

Now, we use GVAS to test Algorithm 1. The experiment is
divided into basic two stages. In the first stage, we package

Algorithm 1 for a general running service (GRS) service, as
shown in Fig. 3, and assign “SSA-QoSPApp” to “Applica-
tion Name”, which is the identifier of the GRS service. The
executable program is associated with an executable
program that the application actually refers to. When GRS
service is called, it will invoke the executable program. At
the same time, you can give a category in "Catalog"
column, for example, it is designated as "SSA" in Fig. 3,
and will make applications search expediently. In addition,
you can also give an appropriate description in "Descrip-
tion" column for the application.

Then we deploy the GRS service to the appropriate Grid
host in accordance with the experimental requirement, and
run the GRS service. In Fig. 4, it shows the running state of
SSA-QoSPApp as a GRS service invoked, which state
indicates that the job was successfully implemented. What
needs to be pointed out is that GRS services invoking do
not limit to a particular node, however, it can complete
through the Grid portal within or outside the territory.

In the second stage, the system gathers performance
data, and analyzes corresponding results. Performance data
mainly concern running time, CPU, and memory occupa-
tion. The goal of experiment is to test the stability and

Fig. 4 SSA-QoSPApp running

Fig. 5 The monitoring data as
service number changing
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effectivity of the algorithm. In this experiment, the stability
is the case when the candidate service increases, the CPU
occupancy will also increase, but similar number of
candidate services, no matter how to operate, the CPU
occupancy is similar. The effectively is a case that the
algorithm can always find a relatively good service
satisfying requirements of user QoS preferences, regardless
how many candidate services.

In order to reduce the complexity of programming,
QoS satisfaction degree does not use probability distribu-
tion, but the expected value of relative difference, namely,

DðSiÞ ¼
Pn
j¼1

qrefij �qij
qij

����
����

 !
=n:. The first experiment operated in

five different Grid hosts, and the candidacy service number
in each host is 20, 40, 80, 120, and 160, respectively.
Different service numbers collect changing operating data,
which will be the foundation for GVAS to analyze, as
shown in Fig. 5. GVAS can analyze the data and plot curves
related to running time, CPU, and memory occupation.

These curves reflects a general tendency, that is, as the
service increases, the corresponding operating data also
increases. We can take the curve of CPU occupancy as an
example. For SSA-QoSPApp services of each node (i.e., on
behalf of the GRS service of Algorithm 1), the CPU
occupancy rate increases along with the candidate service
number increases, as shown in Fig. 6. It is because the
computation quantity of Algorithm 1 will increase as the
candidate service number increased. But the CPU occupan-
cy rate does not always increase, it will reach a stable value
close to 1, which indicates the algorithm can always find a
suitable service regardless of how many candidate services.
The tendency had reflected that the algorithm is reliable and
effective, namely, it faithfully processes the changing data
according to corresponding strategies and algorithm.

The second experiment is to test stability of the
algorithm. The experiment chooses four different Grid
hosts to operate the algorithm repeatedly with different
service number of 20, 40, 80, and 160, respectively, and
obtained the 4×3 group data. Through analyzing these data,
we could find that data changing is smaller in different Grid

hosts on condition of the same number of services. In other
words, operating data in the same group will obtain similar
curve, which shows the algorithm is relatively stable.

For example, the CPU occupancy is shown in Fig. 7.
Different column diagrams of three groups elevate along
with increasing of candidate services, but in the same group,
the difference between diagrams is very small. It is because
the difference of computing quantity is not significant, after
SSA-QoSApp processed the service set with a same number,
which shows Algorithm 1 is stable. However, among
different groups, the curve changes with a similar tendency
like the first experiment. In additions, what needs to be
pointed out is that, experimental results is very close to the
simulation results we had accomplished, which also indicates
that the algorithm is effective and stable.

5 Conclusion

This paper proposes three ways to describe the QoS
preference information, SRV, AJM, and LEC, and puts
forward corresponding conversion and computation meth-
ods. Subsequently, a method to determine the relative
optimal service is presented based on the strategy of dealing
with QoS preference information, which can reflect require-
ments of the user QoS preference. An algorithm of the
service selection combined with satisfaction degree was
designed. This algorithm can reflect the individual demand
of user.
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The description, conversion, and computation for user
QoS preference is an important task to achieve "server on
demand" and guarantee QoS. The method for description
and computation, errors reduction, and computational
results optimization has great influence on service selec-
tion; therefore, it is worth making more thorough research
in the area.

Acknowledgment We will say thanks to our friends and classmates,
they gave us many good ideas and suggestions, we cannot finish the
work without their help. At the same time, thanks a lot for the support
of National Natural Science Foundation of China (no. 60803123 and
no. 60873193) and Science Research Projects of Fujian University of
Technology (no. GY-Z09009).

References

1. Saaty TL (1980) The analytical hierarchy process. Mc Graw-Hill,
New York

2. Liang Q, Yang Y, Liu L (2007) A service-oriented Grid model
with quality of service provision. Inf Control 36(4):401–409

3. Joutsensaloa J, Luostarinenb K, Siltanenc J et al (2006) Adaptive
scheduling method for maximizing revenue in flat pricing
scenario. AEU Int J Electron Commun 60(2):159–167

4. Joutsensalo J, Viinikainen A, Wikstrom M et al (2007) Pricing
based adaptive scheduling method for bandwidth allocation.
AEUÉ Int J Electron Commun 61(2):118–126

5. Dai YS, Xie M, Poh KL (2006) Reliability of Grid service
systems. Comput Ind Eng 50(1-2):130–147

6. Liu Y, Ngu AHH, Zeng L (2004) QoS computation and policing
in dynamic Web service selection. ACM SIGecom Exchanges 5
(5):66–73

7. Amin K, von Laszewski G, Hategan M et al (2006) An abstraction
model for a Grid execution framework. Journal of System
Architecture 52(2):73–87

8. Zeng LZ, Benatallah B (2004) QoS-aware middleware for
Web service composition. IEEE Trans Softw Eng 30(5):311–
327

9. Lee H, Chung K, Chin S et al (2005) A resource management and
fault tolerance services in Grid computing. Journal of Parallel and
Distributed Computing 65(11):1305–1317

10. Chen YP, Li ZZh, Tang YZh (2006) A method satisfying Markov
process of Web service composition under incomplete constrains.
Chinese Journal of Computers 29(7):1076–1084

11. Sunjae L, Wonchul S, Dongwoo K et al (2007) A framework for
supporting bottom-up ontology evolution for discovery and
description of Grid services. Expert Systems with Applications
32(2):376–385

12. Mastroianni C, Talia D, Verta O (2005) A super-peer model for
resource discovery services in large-scale Grids. Future Genera-
tion Computer Systems 21(8):1235–1248

13. Malhan MS, Shah RN (2006) Dynamic system activity profile
forecasting for improved resource selection in quality of service
based Grid computing model[C]. Proceeding of the 1st Interna-
tional Conference on Communication Systems Software and
Middleware, IEEE press 1(2):308–312

14. Deora V, Shao J, Gray WA, et al. Supporting QoS based selection
in service oriented architecture[C]. Proceeding of International
Conference on Next Generation Web Services Practices, IEEE
COMPUTER SOC, 2006:117–123.

15. Mei Lin, Zhangxi Lin (2006) A cost-effective critical path
approach for service priority selections in Grid computing
economy. Decision Support Systems 4(3):1628–1640

16. Doulamis N, Doulamis A, Litke A et al (2007) Adjusted fair
scheduling and non-linear workload prediction for QoS
guarantees in Grid computing[J]. Comput Commun 30
(3):499–515

17. Z. SH. Xu. The decision making method of Indefinite multi-
objective and its application[M]. Beijing: Tsinghua University
Publishing House, 2004.

18. Guo ChX, Guo HH (2005) Approach of multiple-attribute group
decision making. Journal of Systems Engineering and Electronics
27(1):63–65

19. Chinagrid.Introduce.http://chinagrid.hust.edu.cn/index.php,Last
visited:Dec,2008.

712 Ann. Telecommun. (2010) 65:705–712

http://chinagrid.hust.edu.cn/index.php

	The Representation and Computation of QoS Preference with Its Applications in Grid Computing Environments
	Abstract
	Introduction
	Representation and computation of QoS preference
	Representation
	Conversion and computation

	Application of QoS preference
	User QoS satisfaction degree
	Service selection with QoS preference
	Algorithm implementation

	Experimental results and analysis
	Experimental platform
	Experiment description and results analysis

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


