International Journal of Innovative
Computing, Information and Control ICIC International ©)2014 ISSN 1349-4198
Volume 10, Number 6, December 2014 pp. 2251—2262

FUZZY QOS-DRIVEN SERVICE SELECTION METHOD
FOR GROUP USER

CAIHONG PENG!, LONGCHANG ZHANG?, ZHAOHUI PANG! AND LiPING CHEN!

LCollege of Computer and Information Science
Hunan Institute of Technology
No. 18, Henghua Road, Zhuhui District, Hengyang 421002, P. R. China
bian_rainbow@126.com

2College of Information Science and Technology
Bohai University
No. 19, Keji Road, Jinzhou 121013, P. R. China
zlc_041018@Q163.com

Received January 2014; revised May 2014

ABSTRACT. The selection of software as a service (SaaS) for group user in cloud service
provision is challenging, notably because the quality of service (QoS) of SaaS and the
personalization QoS preference of members in group are uncertain. This is an urgent
problem and it will increase its importance with the advent of the SaaS model of service
delivery. Therefore, in choosing the cloud service of SaaS to wutilize for group user, the
alternatives must be ranked based on the QoS of services and members’ QoS preference ex-
pressed by fuzzy terms. In order to identify their dissimilarity on alternatives, and assist
group user in selecting most suitable service with consideration of the members’ prefer-
ences in group, a fuzzy QoS-driven service selection method for group user (FQSS_-GU)
is proposed based on multiple attributes decision making (MADM) theory. This approach
can obtain the group optimal solution when the QoS preference of member in group is
personalized with uncertainty and the QoS of alternatives is expressed by fuzzy terms.
Finally, four experiments are given to demonstrate the benefits and effectiveness of fuzzy
QoS-driven service selection method. The experimental results demonstrated that it is a
feasible and supplementary manner in selecting the cloud service of SaaS for group user.
Keywords: Software as a service (SaaS), Cloud service, Service selection, Quality of
service (QoS), Multiple attributes decision making (MADM), Group user

1. Introduction. Software as a service (SaaS), sometimes referred to as “on-demand
software”, is a software delivery model in which software and associated data are cen-
trally hosted on the cloud. By reducing the cost of ownership and alleviating the burden
of software installation and maintenance, SaaS has gained popularity in recent years. As
enterprises have started to outsource some of their software infrastructure and develop-
ment projects to SaaS vendors, the number of SaaS offerings has expanded dramatically,
even among vendors of traditional on-premises software [1].

However, integrating outsourced software into project development can be challenging.
In particular, the QoS of the external software may not be satisfactory. SaaS somewhat
lowers this risk due to its on-use pricing and provides users with a looser, more flexible
relationship to software or service providers. To some extent, SaaS provides a low-risk
alternative to large investments. Nevertheless, the success of SaaS integration depends on
the behavior of the provider and user’s preference. Since the software is being delivered as
a service, it is hosted at the provider, and similarly maintained by the provider, leaving the
consumer with a low degree of control on its performance. As long as the service provider
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fulfills its obligations to the consumer that it provides the needed support, undertakes
the required management and maintenance tasks, and generally behaves well, so the risks
of failure remain low. However, the behavior of service providers is unknown until the
service is rendered. The risk of bad behavior cannot be excluded and can have adverse
effects on the project outcomes. Users and providers may have different expectations and
experiences about the services, so the evaluations on services from users are creditable
(assuming the users are honest). However, it is difficult for users to describe imprecisely
the QoS of services. Moreover, users usually have distinct view with providers for service
terms, such as “low cost travel agent service”, “high availability travel agent service”,
simply because they have divergent perception of these terms.

The users’ preferences often remain imprecise, uncertain or ambiguous on services QoS
attributes; the preferences over the QoS criteria are hard to be quantified especially in
distinguishing the importance among these service attributes [2]. Therefore, the adop-
tion of fuzzy terms such as very unimportant cost, very important availability, important
reliability and unimportant reputation in the requests becomes inevitable. In addition,
the members’ QoS preferences in group may be different (named personalized QoS pref-
erence), for instance, the QoS preference of member A is very unimportant cost, very
important availability, important reliability and unimportant reputation and member B
is very important cost, very unimportant availability, unimportant reliability and impor-
tant reputation. Figure 1 shows fuzzy QoS-driven service selection process for group user,
which is our research motivation.

To attack this critical challenge, we propose a multiple attributes decision making the-
ory based approach (named FQSS_GU) for selecting optimal SaaS for group user. Com-
pared fuzzy TOPSIS [21], the contribution of this paper is three-fold. First, we propose a
fuzzy QoS criterion description method by fuzzy terms from users’ feedback. Second, we
propose a fuzzy preference-oriented service ranking approach for group user. Users’ QoS
preference and group weight are expressed by fuzzy terms. Users’ QoS preference reflects
the requirements on QoS. Group weight reflects the importance of users in group. Third,
we propose FQSS_GU, which considered the service selection for group user where the
members’ QoS preference in group and the QoS of services expressed by fuzzy terms, can
gain group QoS optimal service. FQSS_GU not only enhances user satisfaction but also
reduces the risk of service integration.

This paper is organized as follows. Section 2 introduces our service selection method-
FQSS_GU. Section 3 shows the implementation and experiments. Finally, we discuss
related work in Section 4 and conclude in Section 5.
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FIGURE 1. Fuzzy QoS-driven service selection process for group user
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2. The Proposed Method for Ranking SaaS Services (FQSS_GU). In this sec-
tion, we introduce a fuzzy QoS-driven service selection method based on TOPSIS for
group user (FQSS_GU). FQSS_GU is a new fuzzy multiple attributes group decision mak-
ing method, which extends TOPSIS. In FQSS_GU, the performance ratings matrix given
by decision maker is replaced by member performance rating matrix. To obtain more rea-
sonable ranking results, the normalization decision matrix and the determining of fuzzy
positive/negative ideal solution are optimization.

2.1. Problem formulation. Consider the problem of ranking service alternatives a;
(¢=1,---,m), and there are n QoS attributes in a;, identified by p; (j =1,---,n).
There are ¢ members (¢, (k =1,---,¢q)) in group user; they share the same service. Each
member has to assign his QoS preference wy;, and wy; are TFNs chosen from Table 1
that represents the importance of service a; with respect to criterion p; for member ¢. If
wg; is a fuzzy data expressed by fuzzy terms, then it must be converted to a triangular
fuzzy number (TFN) in the form of (@, a,a) in Ref. [19], where g, a,a are real numbers
and a < a < a. The performance rating matrix X for service alternatives is shown as
Equation (1), where 7;; are TFNs chosen from Table 2 that represents the rating of service
a; with respect to attribute p;. Table 1 and Table 2 describe the fuzzy terms corresponding
triangular fuzzy numbers, which is set by the experts according to the actual situation.
The number of fuzzy terms and TFNs is less and the TFNs may increase or decrease.
In the future, we will develop an automated tool to collect the QoS data and users QoS
preferences.

b1 D2 Pn
a; | T11  T12 T1n
' — [7.. — as | T T T
X =[zy4], ., = %% T2 on (1)
az | Tmi Tm2 Tmn

If the QoS preferences of any two members in group are not completely consistent, then
the performance rating matrix X (¢;) is calculated for member ¢; shown as Equation (2).

D1 D2 Pn
a1 | Wg1 @ T11 Wro @ T2 Wkn @ T1p
X (cx) = [Tij (Ck)]mxn = Q2 | Wg1 ® To1  Wga ® Too Wkn @ Tap (2)
A | Wk & -'i'ml Wg2 & j‘m2 Wkn ® j‘mn

If the QoS preferences of members are the same, then they have the same performance
rating matrix. While the QoS preferences of members are not the same, then each member
has a performance rating matrix in group. So the QoS-optimal service for group needs

TABLE 1. Fuzzy terms for the importance of attribute

Fuzzy | Very unimportant | Unimportant | Medium | Important | Very important
terms (VU) (U) (M) (I) (VI)
TFNs (0,1,3) (1,3,5) (3,5,7) (5,7,9) (7,9,10)

TABLE 2. Fuzzy terms for the performance rating of each alternative

Fuzzy | Very low | Low Fair | High | Very High
terms | (VL) (L) (F) (H) (VH)
TFNs | (0,1,3) |(1,3,5)](3,5,7) | (5,7,9) | (7,9,10)




2254 C. PENG, L. ZHANG, Z. PANG AND L. CHEN

to be gained according to the importance of members (named group weight) in group.
The leader of group assigns wy, wy is TFNs chosen from Table 1 that represents the
importance of member ¢, in group (named group weight). The performance rating matrix

X (cx) considered the importance of service consumer in group is calculated for service
consumer shown as Equation (3).

P1 P2 Pn
B a1 | Wg X (wkl X 511) Wi X (ka X ZZ'12) s Wi X (wkn (%9 :Z'ln)
X(e) = [T45(cp)], ., = 2 | Wk ® (We1 @ To1) Wi @ (ke @ Ta2) -+ Wi ® (Wkn ® Tay)
A | Wi ® (wkl ® -'i.ml) Wy, ® (ka & fm?) e W & (wkn & j‘mn)

(3)

2.2. Evaluating fuzzy synthetic performances. Once the QoS preference of member
for each QoS attribute is assigned and the group weight for each member is identified, a
fuzzy synthetic process is applied to rank the priorities of alternatives, and we use five
steps below to derive the synthetic evaluations. The steps can be described as follows.
Step 1: Aggregate the fuzzy decision matrix of members.
The fuzzy decision matrixes of members are aggregated by using fuzzy arithmetic op-
erations in Ref. [19].

b1 D2 cee Pn

ar | T (1) ® - DTy (¢n) Tia(c)® - D Tr2(cn) -+ Tin(c) D D Ty ()
X=a2| To1(C1) B DTy (¢n) Toa(c1) D D Toa(cy) -+ Tag(c1) D+ D Toy ()

A, ZZ'ml (Cl) D---D jml (Cn) ZZ'mg (Cl) D---D «/ZlmQ (Cn) s ZZ'mn (Cl) D---D ZZ'mn (Cn)

(4)

Step 2: Normalize the aggregated fuzzy decision matrix.

The raw data are normalized to eliminate anomalies with different measurement units
and scales in several MADM problems. However, the purpose of linear scales transform
normalization function used in this study is to preserve the property that the ranges of
normalized triangular fuzzy numbers are included in [0, 1]. If R denotes the normalized
fuzzy decision matrix from X, then

R=[fy] .., i=1,2,....m; j=1,2,....n (5)

where 7;; = (gij, Qij, aij), then the normalized values are calculated as follows:

- Q;; g5 Qg
Tl] - (u;“’u;“’u;“) (6)
where u;r = max; a;;. The normalization method above is to preserve the property that
the ranges of normalized triangular fuzzy numbers are belonging to [0, 1].

Step 3: Determine the fuzzy positive ideal and negative ideal solutions.

Because the positive triangular fuzzy numbers are included in the interval [0, 1], the
fuzzy positive ideal reference point (FPIRP) denoted by A1 and fuzzy negative ideal
reference point (FNIRP) denoted by A~ can be defined as

At = (of,58,...,0F) .
) ) » Uj _

_ il Jo, 9=12,....n 7
{A :(UI,U2,...,'U]') ()
v = (max;7; i = 1,2,...,m), je€B [v; = min7;li=1,2,...,m), j€B
vf = (min; 755 [i =1,2,...,m), jeC |v; = (max;7;li=12,...,m), jeC
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Wherge v = (1,1,1), j € B; vj7 = (0,0,0), j € C'and v; = (0,0,0), j € B; v; = (1,1,1),
jec.
Step 4: Calculate the distances of each initial alternative to FPIRP and FNIRP.
First, the normalized Euclidean distance between two triangular fuzzy numbers must

be defined. If A = (a,a,a) and B = (b, b, B) are two TFNs, then the normalized Euclidean

distance between A and B can be calculated as

d(A,B) = \/[(g—b)2+(a—b)2+ (a—l})z] (8)

The distance of alternative between fuzzy positive ideal reference point and fuzzy nega-
tive ideal reference point are defined by square distance by using the normalized Euclidean

distance: ( )
d;“ = 27’:1 d (745, o .
{ dz_zz%, d(fz],ﬁj_) , 2—1,2,...,m (9)

J

j=1
where d (Fij,ﬂ;f) denotes the distance between two fuzzy numbers and is calculated by
Equation (8). d; represents the distance from alternative a; to FPIRP and d; is the
distance from alternative a; to FNIRP.

Step 5: Obtain the closeness coefficient of the alternatives.

Calculate the closeness coefficient (C'C;) of each alternative as

CC; (a;, A, AT) = d;rdTZd;’ i=1,2,...,m (10)

Since d; > 0 and d; > 0, then clearly CC; € [0,1]. An alternative with CC; approaching
1 indicates that the alternative is close to the fuzzy positive ideal reference point and
far from the fuzzy negative ideal reference point. The alternative in closeness coefficient
matrix with the highest C'C}; value will be the best choice.

3. Experiments. In this section, there are four experiments to investigate the advan-
tages and effectiveness of the FQSS_GU. First, it has been demonstrated by an illustrative
example that FQSS_GU is practical and effective. Then, FQSS_GU and the existing fuzzy
TOPSIS [21] are compared for simple user. Next, two approaches above are compared
for multiple users. Finally, we analyze the relationship between the time complexities of
FQSS_GU with service consumers and alternatives.
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3.1. An illustrative example. A practical example of selecting services is used to il-
lustrate the application of the proposed method in this paper (shown in Figure 2). There
are four alternative services for network meeting a; (i = 1,2, 3,4), where the alternative
will be evaluated with four QoS criteria with regard to: (1) cost (p;) is the spending
when the client requests the invocation; (2) availability (py) is the probability that the
service is accessible from user feedback; (3) reliability (ps) is the probability that a re-
quest is correctly responded within the maximum expected time frame from the user’s
feedbacks; (4) reputation (p4) is a measure of its trustworthiness from users’ feedbacks.
Obviously, p; is a cost criterion while py, p3 and p4 are benefit criteria. The QoS values
of four alternatives collected by QoS monitor module from users’ feedback, with respect
to four criteria, are represented by TFNs (shown in Table 3). There are three members
in group ¢, (kK = 1,2,3). The QoS preferences w = (w;,wq,ws3) are shown in Table 4
from users’ request, which are personalized. The group weight of fuzzy term is (Very
important (VI), Medium (M), Very unimportant (VU)) for (¢, ¢, ¢3), and the TENs is
((7,9,10),(3,5,7),(1,3,5)), which is assigned by the leader of group. In addition, service
customers may put forward their own QoS constraints (p; < Fire(F)), so alternatives
must be satisfied the QoS constraints of service customers firstly. And then the decision
maker has to perform an evaluation of alternatives and select the best one. The proposed
method is applied to solve this problem above according to the following six steps.

Step 1: Construct the fuzzy decision matrix using Equation (1), Equation (2) and
Equation (3) shown in Table 5.

Step 2: Aggregate the fuzzy decision matrix of service consumers using Equation (4)
shown in Table 6.

Step 3: Normalize the aggregated fuzzy decision matrixes using Equation (5), Equation
(6) shown in Table 7.

Step 4: Determine the fuzzy positive ideal and negative ideal solutions A" and A~
using Equation (7).

A+ =((0,0,0),(1,1,1),(1,1,1),(1,1,1))
A~ =((1,1,1),(0,0,0), (0,0,0), (0,0,0))

Step 5: Calculate the distances of each initial alternative to FPIRP and FNIRP using
Equation (9), respectively.

Step 6: Obtain the closeness coefficient of the alternatives using Equation (10).

The distances, closeness coefficient and ranking order of four alternatives are tabulated
in Table 8. We can see that the ranking order is “a; > as > a4 > a3”, where “>" indicates
the relation “preferred to”.

To illustrate our approach can get the alternative with group optimal QoS, we introduce
a scoring method to get the optimal alternative. While the group weight is not considered,
the ranking orders for members (¢, ¢o, ¢3) are “a; = aq = as > a3”, “ay = as = a; = a3”,
“agy = ay = ap > a3”, respectively. The best alternative is scored 4 point; the second

TABLE 3. The QoS value of alternative services

P P2 P3 yZ
Fuzzy |- g [ P92 | ppng | P9 | ppng | PO | e
terms terms terms terms
aq H (5,7,9) VH | (7,9,10) L (1,3,5) H (5,7,9)
Qo L (1,3,5) L (1,3,5) VH | (7,9,10) L (1,3,5)
az | VH |(7,9,10) H (5,7,9) F (3,5,7) L (1,3,5)
ay F (3,5,7) H (5,7,9) H (5,7,9) L (1,3,5)
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TABLE 4. The QoS preferences of members wy,
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P1 P2 P3 P4
Fuzy | g [T g | T ppng | P | ppn
terms terms terms terms
w1 U (1,3,5) VI | (7,9,10) U (1,3,5) U (1,3,5)
Wy U (1,3,5) U (1,3,5) VI | (7,9,10) U (1,3,5)
ws | VI ](7,9,10) U (1,3,5) U (1,3,5) U (1,3,5)
TABLE 5. The fuzzy decision matrix for members
‘ P1 ‘ P2 ‘ P3 ‘ P4
member ¢;
a; | (35.0,189.0,450.0) | (343.0,729.0,1000.0) | (7.0,81.0,250.0) (35.0,189.0,450.0)
as | (7.0,81.0,250.0) (49.0,243.0,500.0) (49.0,243.0,500.0) (7.0,81.0,250.0)
as | (49.0,243.0,500.0) | (245.0,567.0,900.0) | (21.0,135.0,350.0) (7.0,81.0,250.0)
as | (21.0,135.0,350.0) | (245.0,567.0,900.0) | (35.0,189.0,450.0) (7.0,81.0,250.0)
member ¢y
a; | (15.0,105.0,315.0) | (21.0,135.0,350.0) 21.0,135.0,350.0) | (15.0,105.0,315.0)
as | (3.0,45.0,175.0) (3.0,45.0,175.0) (147.0,405.0,700.0) | (3.0,45.0,175.0)
as | (21.0,135.0,350.0) | (15.0,105.0,315.0) (63.0,225.0,490.0) (3.0,45.0,175.0)
ay | (9.0,75.0,245.0) (15.0,105.0,315.0) | (105.0,315.0,630.0) | (3.0,45.0,175.0)
member c3
ar | (35.0,189.0,450.0) (7.0,81.0,250.0) (1.0,27.0,125.0) (5.0,63.0,225.0)
as | (7.0,81.0,250.0) (1.0,27.0,125.0) (7.0,81.0,250.0) (1.0,27.0,125.0)
as | (49.0,243.0,500.0) (5.0,63.0,225.0) (3.0,45.0,175.0) (1.0,27.0,125.0)
ay | (21.0,135.0,350.0) (5.0,63.0,225.0) (5.0,63.0,225.0) (1.0,27.0,125.0)

TABLE 6. The aggregated fuzzy decision matrix for members

h

D2

D3

Pa

a1

(85.0,483.0,1215.0)

(371.0,945.0,1600.0)

(29.0,243.0,725.0)

55.0,357.0,990.0

a2

(17.0,207.0,675.0)

(53.0,315.0,800.0)

(203.0,729.0,1450.0)

11.0,153.0,550.0

as

(119.0,621.0,1350.0)

(265.0,735.0,1440.0)

(87.0,405.0,1015.0)

11.0,153.0,550.0

Q4

(51.0,345.0,945.0)

(265.0,735.0,1440.0)

(145.0,567.0,1305.0)

11.0,153.0,550.0

(
(
(
(

)
)
)
)

TABLE 7. The normalized fuzzy decision matrix

J4!

P2

D3

D4

ai

(0.063,0.3578,0.9)

0.2319,0.5906,1.0

(0.02,0.1676,0.5)

(0.0556,0.3606,1.0)

a2

(0.0126,0.1533,0.5)

0.0331,0.1969,0.5

(0.14,0.5028,1.0)

(0.0111,0.1545,0.5556)

as

(0.0881,0.46,1.0)

)
)
0.1656,0.4594,0.9)

(0.06,0.2793,0.7)

(0.0111,0.1545,0.5556)

Q4

(0.0378,0.2556,0.7)

(
E
(0.1656,0.4594,0.9)

(0.1,0.391,0.9)

(0.0111,0.1545,0.5556)

TABLE 8. Distances, closeness coefficient and ranking order of four alternatives

d(ai, A7) | d(a;, A7) | CC; | Rank
ay | 2.5179 2.2614 |0.4732 2
as | 2.4503 2.0996 |0.4615 3
ag | 2.7137 1.9726 | 0.4209 4
ag | 2.4315 2.2171 | 0.4769 1
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TABLE 9. The QoS value of alternatives for comparison

P P2 P3 P4
Pway | g [P ppng | P92 | ppng | PO | e
terms terms terms terms
a; | VH [(7,9,10)| VH | (7,9,10) L (1,3,5) L (1,3,5)
as | VH |(7,9,10) L (1,3,5) VH | (7,9,10) L (1,3,5)
az | VH |(7,9,10) L (1,3,5) L (1,3,5) L (1,3,5)
ay L (1,3,5) L (1,3,5) L (1,3,5) L (1,3,5)

alternative is scored 3 and so on. Therefore, the scorings of alternatives (a1, as, as, as) for
three members (¢, ¢o, c3) are “(4, 2, 1, 3)”, “(2, 3, 1, 4)”, “(3, 3, 1, 4)”, respectively. The
most important member is scored 3 in group; the second member is scored 2 and so on.
So, the scorings of members (ci, ¢z, ¢3) in group is “(3, 2, 1)”. The synthetic scorings of
alternatives (ai, as, as, aq) for three members (c1, ¢, c3) are “(12, 6, 3, 9)”, “(4, 6, 2, 8)”,
“(3, 3, 1, 4)”, respectively. The total scorings of alternatives (ai, as, as,aq) is “(19, 15,
6, 21)”, the ranking order is a4 > a; > ay > as. The result is same with the proposed
approach in this paper, so our approach is feasible.

3.2. The comparison for simple user. The existing fuzzy TOPSIS (named FTOPSIS)
method was proposed in Ref. [21], which was applied in evaluating transportation service
quality [22,23]. In this section, it will be proved by several experiments that our approach
is superior to the FTOPSIS (only one member is considered in group, and the member’s
three QoS preferences are shown in Table 4). In order to clearly illustrate the advantages
of our algorithm, a group of extreme alternatives is provided in Table 9.

When wy = ((7,9,10),(1,3,5),(1,3,5),(1,3,5)), the ranking orders by our approach
is ay > a; = as > asz; while the ranking orders is a; > as > a3 = a4 by FTOPSIS.
It is obviously that a4 is the optimal solution shown in Table 9. Therefore, our ap-
proach is superior to the FTOPSIS. In addition, the time complexity of FQSS_GU is
O(mxnxq+5xmxmn)and the time complexity of FTOPSIS is O(m x n X q 4+ 8x
m %X n), so the order of magnitude of time complexity of the two methods is the same and
FQSS_GU is slightly better than FTOPSIS.

3.3. The comparison for multiple users. FTOPSIS can evaluate alternatives, but
it only supports one user. To accurately describe FQSS_GU is superior to FTOPSIS,
we define a method to compute the close degree of group optimal plan by FTOPSIS as
follows:

g9
Z C’Ck; (aka Aia A+)

k=1

CCrropsis = p (11)

where a; is the optimal plan for user k, A=, A" are the fuzzy positive ideal and the
fuzzy negative ideal solutions, g denotes the number of users, C'C} is the close degree of
ar, CCrropsrs is the average close degree of aq,...,a;. The candidate plans and users’
weights are randomly generated, and the value is got from Table 1 and Table 2. To
obtain more possibility, the weight of users and QoS are generated. The experiment was
performed 100 times, we get the average close degrees.

First, we compare the FQSS_GU and FTOPSIS when the number of users is fixed.
Figure 3 shows the experimental results in the case of three users evaluating candidate
plans. Obviously, FQSS_GU is superior to FTOPSIS. The reason is that FQSS_GU has
considered the all users evaluation of candidate plans while FTOPSIS has considered only
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certain users evaluations of candidate plans. With the number of candidates increasing,
the close degrees of optimal solution of two kinds of algorithms increase.

Similarly, we compare the FQSS_GU and FTOPSIS when the number of alternatives
is fixed. Figure 4 shows the experimental results when the number of candidate plans is
25. Obviously, FQSS_GU is superior to FTOPSIS. With the number of users increasing,
the close degrees of optimal solution of two kinds of algorithms reduce and FQSS_GU is
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faster than the FTOPSIS. However, with the number of users increasing, the close degree
of the optimal plan obtained by FQSS_GU is close to FTOPSIS, but is always higher than
FTOPSIS.

3.4. Time complexity analysis. Two experiments aimed at comparing the time com-
plexity of two selection approaches previously described (FQSS_GU, FTOPSIS). The ex-
periments are conducted on a Pentium computer with a 2.0 GHz CPU and 2 GB RAM.
These experiments are: 1) analyze the relationship between the computation time and
the number of members in group.

Suppose the number of alternatives is 100, and the number of member changes from
200 to 1000. The case is executed 100 times, then we get the average time. 2) Analyze
the relationship between computation time and the number of alternative. Suppose the
number of member is 100, and the number of service alternatives changes from 200 to 1000.
The case is executed 100 times, then we get the average time. The results of experiments
are shown in Figure 5, which demonstrates FQSS_GU is superior to the existing FTOPSIS
and it has linear time complexity.

4. Related Work. Service selection and rating is a research topic that emerged recently
with the advent of SOA and SaaS. Few works in this area have addressed different facets
of the topic, such as the model of QoS, the assessment of QoS at selection time, and the
measurement of QoS at execution time.

For example, [3,4] proposed a hybrid QoS ontology supporting real numbers, interval
numbers and triangular fuzzy numbers. P. Wang proposed a fuzzy QoS criterion de-
scription method with Intuitionistic fuzzy set [5]. Based on works [3-5], L. Zhang et
al. proposed an extensible hybrid QoS model supporting above four data types [6]. A
novel approach for designing and developing a QoS ontology was presented in Ref. [7],
which can support not only describing QoS information in great detail but also facilitating
various service participants in expressing their QoS offers and demands at different levels
of expectation.

Based on the QoS performance of services, various approaches have been proposed
for service selection. We divide the existing service selection approaches into three cat-
egories. The first category is collaborative filtering recommendation. An effective per-
sonalized collaborative filtering method for Web service recommendation was proposed in
Ref. [8], which took into account the personalized influence of services when computing
similarity measurement between users and personalized influence of services. A method
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of location-aware collaborative filtering to recommend Web services to users by incor-
porating locations of both users and services was proposed in Ref. [9]. A collaborative
filtering approach was proposed for predicting QoS values of Web services and making
Web service recommendation in Ref. [10,24]. The second category is linear programming.
Based on TOPSIS, [3,4] proposed a hybrid TOPSIS method for QoS model with hybrid
data types. P. Wang proposed an extended Max-Min-Max method for service selection
for QoS criterion expressed by intuitionistic fuzzy sets [5]. Based on TOPSIS, P. Wang
et al. [2] proposed a service selection method to supporting triangular fuzzy numbers.
As well as, AHP [7,11] and Markov decision process [8] were applied in service selection.
Anselmi et al. [12] provided a Mixed Integer Linear Programming (MILP) based on for-
mulation of the selection problem and considered a greedy heuristic to find near-optimal
solutions. Service selection problem was formalized as a Mixed Integer Linear Program-
ming problem, loops peeling was adopted in the optimization, and constraints posed by
stateful Web services were considered in Ref. [13]. Thirdly, heuristics. Considering the
complexity of Integer Linear Programming optimization, Yu et al. [14] proposed heuristics
to find near-optimal solutions in polynomial time. Researchers discussed the feasibility
of genetic algorithm, ant colony optimization and particle swarm being applied in service
selection in Ref. [15-18,25].

However, the above methods were all based on single-user or multi-users with the same
QoS requirements. Obviously, they ignored the service selection for multi-users (group
user) with personalized QoS requirements and the expression habits of users. Compared
with the above methods, our method has the following advantages: 1) FQSS_GU can
obtain group optimal service; 2) FQSS_GU can support the QoS and users QoS preferences
expressed by fuzzy terms; 3) FQSS_GU is a general algorithm for single-user and group
user.

5. Conclusions. Group activities exist in everywhere of social life, and it is the trend
that provides information service based on user personalized QoS requirement. In this
perspective, we have presented a fuzzy QoS-driven service selection method based on mul-
tiple attribute decision making theory for group user-FQSS_GU, which supports the user
feedback information and requirement information expressed by fuzzy terms. FQSS_GU
is a general service selection method for single user and group user, which can gain the
optimal service for single use and gain group optimal service for group. Our method
provides a practical and effective solution for the group-oriented service selection.

Our future work includes up improving FQSS_GU performance. Lots of alterative
services and more members in group will affect the user experience of FQSS_GU. Further,
it is reasonable that as some QoS attributes of service expressed by interval numbers, we
will propose a service selection method based on interval numbers for group user.
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