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The increasing popularity of employing web services for distributed systems contributes to the signifi-
cance of service discovery. However, duplicated and similar functional features existing among services
require service consumers to include additional aspects to evaluate the services. Generally, the service
QoS consumers would have different view on the quality of service (QoS) of service attributes. How to select
LINMAP . the best composite service in theory among available service (WS) candidates for consumers is an inter-
Fuzzy linear programming . . . . . . .

esting practical issue. This work proposes a QoS-aware service selection model based on fuzzy linear pro-
gramming (FLP) technologies, in order to identify their dissimilarity on service alternatives, assist service
consumers in selecting most suitable services with consideration of their expectations and preferences.
This approach can obtain the optimal solution of consensual weight of QoS attribute and fuzzy positive
ideal solution (FPIS) by extending LINMAP method, developed by Srinivasan and Shocker. Finally, two
numerical examples are given to demonstrate the process of QoS-aware web service selection. The exper-
imental results demonstrated that it is a feasible and supplementary manner in selecting the of web

services.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Web services enable business applications running on distinct
platforms and exchanging data over the Internet, to be applied in
business and daily life regardless of the platforms or locations. It
has created unprecedented opportunities for organizations to
shorten software development time by composing existing ser-
vices across Internet. Effective mechanisms for supporting service
discovery have considerable contribution to the success of web
service composition. An efficient web service can bring a serious
competitive advantage to the service providers as well as carry so-
cial welfare to the consumers. An application assisting in service
selection based on certified QoS, cost and trust can bring essential
benefits to the service consumers. Practically, the service providers
are supposed to guarantee QoS of WS, which are advertised on the
Internet for service consumers. When service providers announce
their available services, current advertising approaches of web ser-
vices create a WSDL or OWL-S document to subscribe the web ser-
vice profile and service grounding, then promote it through UDDI
registration, or other web services registries such as ebXML.

For emerging e-commerce business, the selected services are
aggregated to form composite services. The composite service is
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a service produced by a composition of other services to complete
the desired service activities (Anane, Chao, & Li, 2005). For exam-
ple, Google research application are accepted as a web service
and integrated with other services, such as Gmail, AdWords, You
Tube and Google Maps service, to provide an integrated environ-
ment for service consumers. Microsoft and Yahoo also provide
the services analogous to that of Google for business competition.
The other example, consumer likes to discover the composite ser-
vice, such as flight booking, restaurant reservation, and rent a car at
atime, as illustrated in Fig. 1. What is the optimal approach of link-
ing each service request to an approximate service? This problem
may be nontrivial if the user requests multiple services at one time.

A number of works on composite service discovery and selec-
tion have been carried out to locate the required services and com-
pose them to meet requirements using ontology (Zhou, Chin, & Lee,
2004, 2005) or service matchmaking techniques (Chao, Younas, Lo,
& Tan, 2005; Huang et al., 2005a; Huang, Chao, & Lo, 2005b). Ontol-
ogy technology is developed to answer the semantic confusion
problem which could be effectively solved by semantic registration
and discovery, by defining the appropriate meaning of the service’s
functionality. Part of researches (Ankolenkar, Burstein, & Hobbs,
2002; Borenstein & Fox, 2003; Jorge & Amit, 2006; Zhou, Chia, &
Lee, 2005) on semantic service discovery were investigated via
Semantics Web Service (SWS) technologies to locate the required
services and compose them to meet requirements, as illustrated
in Fig. 2.
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Fig. 2. The moderated fuzzy discovery, selection and execution using ontology.

The other approaches focus on fuzzy matchmaking technique
that remains fuzzy semantics on terms and handle this problem
via fuzzy theory. For example, moderated fuzzy discovery method
(Huang et al., 20054, 2005b), measures the similarity between ser-
vices in terms of capability, syntax and semantics through a mod-
erator initiates to minimize the differences among service
consumers and providers.

For the consumer consensus of WS selection issue, service con-
sumers and providers may have different expectations, experi-
ences, and preferences about the services. Furthermore,
consumer preferences often remain imprecise, uncertain or ambig-
uous on service QoS terms; the preferences over the QoS attributes
are hard to be quantified especially in distinguishing the impor-
tance among these service attributes. Therefore, the adoption of
fuzzy terms such as reasonable price, reliable service, and comfort-
able feeling in the requests becomes inevitable. Moreover, con-
sumers usually have distinct view with providers for service
terms, such as “cheap flight ticket”, “comfortable leg-room” or “deli-
cious food”, simply because they have divergent perception of these
terms.

From the consumers’ point of view WS providers usually adver-
tise on the Internet exaggerating the features of web services for
appealing to customers, which might lead to misunderstanding
or confusing about some service terms for WS consumers. In addi-
tion, the providers prefer to advertise their services to customers in
subjective terms, which might be short of considering the consum-
ers’ expectations and preferences.

Hence, it is imperative to reach the consensus for service con-
sumers on the specific specification terms (i.e., QoS), where they
find and search WSDL document in the service discovery process.
Based on these requirements, W3C working group has defined
various QoS attributes for WS. That document comprises a num-
ber of generic and specific items for cross-referencing between
the possible needs of service consumers and the functions sup-
ported by web services. Although regular QoS attributes have been
listed, some unclear problems are yet to be clarified on selection
of WS processes. For example, QoS attributes perception of impor-
tance is generally different from consumers and providers prefer-
ences. It is widely accepted that the consumers have been taking
an active role in the expansion of e-commerce.

In this paper we consider optimal service selection based on a
given set of service requests interacted with a set of service candi-
dates using fuzzy linear programming (FLP) model (Li & Yang,
2004). This investigation leads to a need of developing a group con-
sensus-centric approach to investigate QoS attribute preferences
and determine the ranking order of service alternatives according
to the distance from the positive ideal solution under group consen-
sus. Consequently, service consumer is able to reduce redundancy in
search, and service provider can improve the quality of services.

The remainder of the paper is organized as follows. Section 2
describes the existing QoS-aware selection of web service meth-
ods. Section 3 describes proposed method. Section 4 reports on
two illustrational examples of selection of service alternatives. Fi-
nally, Section 5 illustrates the conclusion and the future work.
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2. Available solutions for web service selection

A number of studies for web service selection have been carried
out. One of the most well known techniques is “matchmaking”. It is
employed in the situation where services with semantic descrip-
tions for their functional attributes are available in the Internet
search system. How to ensure the QoS of web services for service
consumers. Ran (2003) proposed a new QoS-based service registra-
tion and discovery model to explore the possibility of QoS involv-
ing into UDDI registry information. In this model, service providers
have to send QoS claims to service QoS certifiers, responding to
third party or forum web services, for certification. The service cus-
tomer is responsible to verify QoS claims. The QoS information fi-
nally will be registered in the UDDI registry associated with
function description, if QoS claims have passed QoS certifier
verification.

The new UDDI registration mechanisms help customers to dis-
cover and locate the required service by looking up WSDL docu-
ment as well as certified QoS. Moreover, consensus of service
consumers on QoS attributes has to be considered for web service
QoS certifier in the QoS computation process. Balke and Wagner
(2003) introduced the “cooperative discovery” concept for evaluat-
ing web services in detail which composes three phases of interac-
tion with services, i.e., (i) service discovery, (ii) service selection,
and (iii) service execution. Based on Fig. 2 we reorganized three
phases as Table 1, which specifies the extensive definition for
selection of QoS-aware web services provisioning.

Several service matchmaking techniques have been developed
to meet the needs of both consumers and providers. Zeng et al.
(2004) addressed this issue of selecting web services by maximiz-
ing user satisfaction expressed as utility functions over QoS attri-
butes; Kaufmann and Gupta (1991) and Sirin et al. (2004)
developed a goal-oriented and interactive composition approach
that uses matchmaking algorithms to help users filter and select
services while building their composition service. Zhou et al.
(2005) discriminated between functional and non-functional QoS
properties of web services, where functional properties can be

Table 1
QoS-aware web services discovery and selection.

measured in terms of throughput, latency, response time; where
non-functional properties are addressing of various issues includ-
ing integrity, reliability, availability and security of web services.
The current techniques and tools for measurement are more suit-
able to quantify functional QoS properties (for example, network
throughput, latency, and response time) than non-functional prop-
erties. Basically, non-functional QoS properties rely heavily on the
perceptions of service providers and consumers that are not easy to
assess due to the fact of complexity and the involvement of ill-
structured information. Liu, Ngu, and Zeng (2004) treated the
selection of QoS-driven web service with dynamic composition
as a fuzzy constraint satisfaction problem and applied an optimal
search approach with adjustments to service composition; The
“matchmaking” approach, however, relies on the advertisements
from service providers’ subjective views that could lead to diver-
gent perception between consumers and providers. Consumer
expectations and their common preferences (i.e., consensus) on
QoS should be considered in the process of service selection. The
aforementioned three major approaches are compared as illus-
trated in Table 2.

To see in detail, composite service search approaches solved by
numerical methods can be generally divided into two categories:
Multiple Attribute Decision Making (MADM) and mathematical
programming. MADM methods (Huang et al., 2005a; Liu et al,,
2004; Zhou et al., 2004) concentrates on that QoS attributes be col-
lected and enforced objectively, then MADM theory can be applied
to obtain a consistent ranking of service alternatives. Mathematical
programming methods (Sirin, Parsia, & Hendler, 2004; Zeng et al.,
2004) comprise linear programming (a single objective function)
and multiple goal programming. It concerns about interactive com-
position selection that use a preset planning to optimally select
component services during the execution of a composite service.

Those methods advanced the knowledge in QoS-aware service
discovery and selection, but nevertheless, remained the following
significant issues for debate: (i) The perception of QoS attributes
needs to adjust according to consumer’s preferences, (ii) How to
objectively determine weights (importance) of QoS attributes and

Phases Operation Tasks Task description
Phase [ Service registry Function definition Specify the terms of WS functionalities using ontology language or WSDL
Service registry Register and receive a official ID for applied service to publish to the Internet
Phase II Service discovery QoS certification Accept and certify the application of service QoS attributes
Service advertisement Announce the features of WS
Service discovery Perform and find the related services based on a user’s request
Service selection Select one of the desired service
Phase III Service execution Service execution Carry out service binding and execution
QoS monitoring Collect customer opinions to QoS certifier for reflecting user expectation
Table 2

The comparison of three approaches for selection of web services.

Matchmaking technique

Composite service search method

Consensus moderation approach

Assumptions A service description may be booked in
registry

Features
a matching algorithm to retrieve some

services constraints

Suitable for The definition of QoS criteria are clear

between consumers and providers

Service specification is described with standard
ontology tool such as WSDL and DAML-S

The research engine always makes use of The selection of web service is an iterative process to The fuzzy group decision-making methods is employed
discover and compose the services under some

The definition of QoS criteria are clear The successive
selection of web services to satisfy the requirements

QoS recognized by consumer’s expectations and group
consensus are considered

to assist service consumers in discovering appropriate
services

QoS criteria may be vague between consumers and
providers
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(iii) The ranking order of service alternatives should be decided on
the basis of group consensus. To enable effective QoS-aware com-
posite service selection, a new web service model is proposed,
which included the following important aspects:

e Vague preference. This model should be able to handle vague
preferences or linguistic opinions for QoS attributes expressed
by service consumers in the process of selecting web services.

e Weighting of QoS attributes. Be able to explore the optimal solu-
tion of weighting of QoS attributes.

e Service ranking. The approach should be capable of realistically
gaining a consensual ranking on web service alternatives
according to consistence and inconsistence measurement
between individual ratings and ideal performance solution.

To fulfill these requirements, we extend our previous work
(Wang, Chao, Lo, Huang, & Li, 2006), to select QoS-aware composite
services using fuzzy linear programming techniques by minimizing
the inconsistency measurement. More detailed information about
this model is described in the next section.

3. An QoS-aware services selection model based on LINMAP

In this section, we introduce a new fuzzy group consensus-
aware service selection model, which extends LINMAP (LINear pro-
gramming techniques for Multidimensional Analysis of Preference)
method, developed by Srinivasan and Shocker (1973). In the LIN-
MAP, decision maker gives the performance ratings matrix of alter-
natives with a pair wise comparison form to obtain the best
solution that has the shortest distance to positive ideal solution
(PIS) (Hwang & Yoon, 1981). The aim of the model is to find the
optimal weighting of QoS attribute for a set of web services and lo-
cate fuzzy positive ideal solution (FIPS) considering group consen-
sus, and determine a rational ranking order of web service
alternatives.

3.1. Basic definitions and notations

In this section, we review some arithmetic operations on fuzzy
numbers for the purpose of representing the proposed algorithm in
Section 3.2 (Kaufmann & Gupta, 1991).

Definition 1 (Triangular fuzzy number (TFN)). A triangular fuzzy
number A can be defined by (a, b, c). The membership function is
defined as

0 forx>a

X4 fora<x<b
u;(x) = (1)
& forb<x<c
forx<c

Definition 2 (Fuzzy arithmetic operations). The arithmetic opera-
tions of the positive fuzzy numbers described by the interval of
confidence are expressed below:

Addition @ : ((1],b17C1) ©® (az,bz,Cz) = (ay +az,by + by, ¢y +C2)
Subtraction — : (a;, b1, ¢1) — (a2, by,¢2) = (a1 — az,by — by, 1 — @y)

Multiplication ® : A® B = (ay, by, ¢1) ® (a2, b2, ¢2) = (@103, b1ba, €1C2)

A@B = (a],b1,C1) ® (az7b27C2) = (a1az7b1b2,C1C2)

k®A=ke (a,bi,c1) = (kay,kby key) VkeR

Division / : A/B = (ay,by,¢1)/(az, b, 2) = ((a1/c2, b1 /by, ¢1/az)).
(2)

Definition 3 (The normalized Euclidean distance between two trian-
gular fuzzy numbers). 1f A and B are two TFNs, then the normalized

Euclidean distance between Aand B can be calculated as
1/2

e(A,B) = (% [(a; — by)* + (@ — bo)? + (a3 — b3)2}> 3)

Definition 4 (The weighted square distance from positive ideal solu-
tion, 7). If 1 is an individual rating, then the weighted square dis-
tance between ryand 7;can be calculated as (Hwang & Yoon, 1981)

di:iwj(?ﬁii}%)z? i=12..m “)
=

3.2. Consistence and inconsistence measurements

Consider the problem of ranking WS alternatives a; (i=1,
...,m). A group of decision makers (d,,p =1,...,q) is formed to
identify n QoS attributes, say ¢; (j = 1,...,n). Each decision maker
has to assign performance rating Xx;(d,) to service alternatives,
X;(dp) represents the rating of web service s; with respect to crite-
rion ¢; evaluated by d,. If x;(d,) is a fuzzy data expressed by linguis-
tic terms, then it must be converted to a triangular fuzzy number
(TFN) of the form (ay,by,c;) defined in Definition 1, where
aj, by, ¢;; are real numbers and a; < b; < ¢;;. The performance rating
matrix X assessed by decision maker d, is shown as Eq. (4)

Cy €, C,
S| Xy X X,
= ~ s, | Xy Xy X, 5
Xd,)=[%,dn="1"" " % )
s, | X X . X

m ml m?2 mn

where @ and ® represent fuzzy additive and multiplication opera-
tion that defined in Definition 2, respectively. X;;(d,) might be crisp
(nonfuzzy) or fuzzy form depending on the nature of QoS attributes.
When x;i(d,) is a nonfuzzy datum, it should be converted from the
distinct scales of ratings to a numerically comparable scale. In con-
trast, if x;(dp) is a fuzzy form then it has to be normalized by using
Eq. (5) to rank the web services compatibly between evaluation QoS
attributes. For QoS attributes, two types simultaneously exist: ben-
efit-oriented and cost-oriented. Both are mutually conflict and
inconsistent and needs to be trade-off. To avoid generating an out-
bound condition, when 7; exceeds the value 1, it needs to be con-
strained by upper bound 1. The linear scale transformation is
used for forming the normalized fuzzy matrix R as (Chen, 2000)

R= [fij]mxn
X a; by c; <.
r,»j=~—’j:<—’j,—’j7—’j/\l> Vj,Xj € B
X; ¢'¢le (6)
. X a; b; c; L.
fj===|2.L,LA1] VjXeB
Xij Cj Cj Cj
where
a; = max; aj, b; =max; by, ¢ =maxy, ifjeB

a; = min; a5, b; = min; b,

where U, C represent a set of benefit-based and cost-based QoS attri-
butes, respectively.

Studies regarding distance-based consensus methods have been
carried out (Cook, 2006; Cook, Kress, & Seiford, 1997), with focus
on solving the nonfuzzy ranking order problems. Cook, Kress, and
Seiford (1997) investigated two specific cases (i.e., s = 1;5 = 2) to
solve the consensus degree of group on ordinal rankings; the gen-
eral form of consensus measurement function is constructed by
minimizing a normalized weighted metric distance between indi-
vidual opinions and positive ideal solution (PIS), D;, that is,

¢; = mincy, ifjeC
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n
Min D; = > (wlry —ri[)'*, i=1,2,....m (7)
=1
where w; is the weighting of QoS attribute j, (| — r;[*)!* is Min-
kowski metric, s is metric number. For example, s =2, then D; be-

comes as
n

di = (wlry —ri )" 8)
=1

In this paper, we address the consistence measurement of service

customers by aggregated difference between fuzzy performance

ratings of each alternative and fuzzy positive ideal solution (FPIS).

Then the square distance, s;, defined in LANMAP, is used for assess-

ing the weights of QoS attributes, that is,

n
si= > w12, i=12...,m 9)
j=1

As Q = {(k,])|axPa;,k,1 =1,...,m} denotes a set of preference rela-
tions which is composed of the ordered pairs (k, I) for service alter-
natives, where P represents a preference relation given by decision
maker. There are n(n — 1)/2 elements in Q. Member a,Pa, repre-
sents that decision maker prefers a, to a,. Furthermore, analogous
to s;, the fuzzy form of square distance between a pair of alternative
(k,1),Sx and Sy, is defined by square distance using the normalized
Euclidean distance, defined in Definition 3, as follows:

Se=3" welii. 7))

- (10)
Si="_ wile(y, 7))’

=

By definition of inconsistence measurement, inconsistence index,
(S1 — Sx)~, measuring the discrepancy between S,and Sy, is given by

_ 0, if (S] >Sk)
Si—S) = .
(51 =Sk) {sk—sh if (S, < Si)

Then, the inconsistence measurement for all the ordered pairs (k, )
for all service alternatives in Q can be computed by

B= > (S-S0 = > max{0,(S—S)} (12)

(k.he (k.he

= max{0, (Sx — S} (11)

Similar to Eq. (11), the consistence measurement between S; and

Sk, (S) = S¢)™, is given by

(S-S = {51 — Sks ?f (S = Sk)
0, if (S; < Sk)

The consistence measurement for all the ordered pairs (k,[) in Q is

given by

G=> (S-S" (14)

(k.he

(13)

3.3. Problem formulation

To avoid obtaining a trivial solution with w; = 0, we add two
additional constraints, G — B = h, where h is also an arbitrary posi-
tive number, and w; > ¢, where 6 may be zero or a sufficient posi-
tive number. Our goal is to obtain the optimal solution of weight of
QoS attribute and fuzzy positive ideal solution (FIPS), (w,7*) in
term of minimizing the inconsistence measurement B. The con-
straint, G — B = h, is needed to ensure the tolerance (h) between
G and B. The problem of finding the optimal consensual weights
and positive ideal values of solution can be formulated as a linear
programming model as follows:

Min B

{GfBzh (15)
s.t. .
wj =96, j=1,...,n

By the definition of Eqs. (11) and (13), we have

S-S =S -S) =S-S (16)

Substituting Eq. (16) into Eq. (15), then it can be rewritten as

G-B= > (S-S)=h (17)
(k1)

Therefore, the optimal solution (w,7*) can be obtained by solving
the constrained optimized problem of

Min {Z max{0, (sk—s,)}

(k.he 18
S (Si—Sk)=h (18)
s.t. (kJeQ)
w; = 6, j=1,....n

Let zy = max{0, (Sx — S/)}, we have z4 > 0 and z; > (S¢ — S)), then
the third and the fourth constraints are obtained. zy > (S —S))
can be rewritten as

Zy+(S1—S) =0 (19)
Adding two constraints, then Eq. (18) is obtained as

Min Z Zil

(ke
S (S =S)=h for(k])eQ
(kJeQ) 20)
s.t. Zy+ (51— S¢) = 0 for (k) e Q
zy 20 for (k,1) e Q
w; = 6, j=1,...,n

In the following, substituting Eqs. (10)-(20), then we have

Min Z Zyl

(ke

S Swile(iy.F) — e(fg, i) =h for (k1) € @

(kleQ) j=1
n o o (21)
s.t. Ziy + Yo wile(ry, ) — e(Fy, 77)] = 0 for (k1) € Q
j=1
zy =0 for (k,1) € Q
wj =9 j=1,....n

Obviously, item ?J’fz will be omitted in the computation process of
the first constraint. Hence a new variable 2j is introduced to replace
w;T; for simplification of computation, that is,

U = Wity = [ay, by, ¢y (22)

By using Definition 3, Eq. (21) can be transformed into the following
form

Min Z Zyl

(ke

n
1 2 2 2 2 2 2
3 (klze:Q) ]; Wj[(arlj - arkj) + (br,j - brkj) + (Cr,j - Crkj)]

-5 X Y wjlay(ay, — ay,) + by (by, — by)

(kleQ) j=1
+Cy(Cry — Cry)] = h for (k1) €

Zkl+% > in[(afb _a%kj)-‘r(bz _p )+ (2 —c2 )]

st. Vv (kleQ) j=1 T LA
n
-2 (k%m }; wjlay, (ar, — ar;) + by, (br, — br)

+Cy(Cry —Cry)] = 0 for (k1) € Q
zy =0 for (k,])eQ

WJZé j:17...7n
0<ay,<b,<cy <1 j=1,....n

(23)
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We solve the linear programming using Simplex method, and then
the optimal solution of (w,7*) of linear programming is yielded.
Once the optimal weights of QoS attributes (wj,j = 1...n) and fuzzy
positive ideal solution (FIPS) of web service i are obtained, one can
easily decide a ranking order by distance from FPIS. It means that
the shortest distance from FPIS is the best solution.

4. Cases study

In this section, two illustrational examples for selecting an
appropriate web service are used as the application of the pro-
posed model. To examine the process of solutions respectively,
the former example is a case which emphases the selection of com-
posite service alternatives using the traditional LINMAP method,
wherein QoS attributes are crisp data assessed by a single decision
maker; whereas, the latter example is regarded as a group decision
problem where rating format is fuzzy form given by a set of deci-
sion makers.

4.1. Numerical Case |

A set of composite service for traveller comprises four primitive
services - flight, hotel, insurance and car rental serves. For flight
service, there are four service alternatives, a; (i =1,...,4), are as-
sessed by user regarding QoS attributes ¢; (j=1,...,6) - maxi-
mum baggage allowance (c;), check-in efficiency (c,), flight
safety ranking (c3;), payment for baggage lost (c4), ticket price
(cs), and satisfaction on food quality (cg). The check-in efficiency
is a scale for the passenger and baggage service in airport regarding
specific airliner, its rating range residues, 1-5. For rating of flight
safety, International Civil Aviation Organization (ICAO) use formu-
late to count the following aircraft accident items: (1) million
flights, (2) fatal events, (3) adjust fatal events, (4) last fatal acci-
dent, (5) accident rate, to decide the ranks of flight safety in overall
rank 1-90. The increasing score means higher flight risk to take.
The decision makers assign the performance ratings to all service
candidates and determine the ranking order of four candidates.
The proposed model is applied to solve this problem according to
the following procedures:

Step 1. Three users assess the performance rating of each service
candidate and generate the individual performance rating matrix
as shown in Table 3. In addition, service consumer gives the paired
comparison judgments among four service candidates as follows:

Q(d) ={(1,2),(1,3),(4,1),(3,2),(2,4),3,4)}

Step 2. The performance ratings matrix has converted the dis-
tinct scales of ratings to a numerically comparable scale in
[10,—10] for comparison of relative importance of each attribute as
450 1.10 3.00 1.20 4.50 4.00
5.00 130 5.00 1.50 5.00 5.00
8.00 0.90 4.00 1.00 3.80 2.00
400 1.00 3.00 090 3.20 4.00

R=[ry) =

Table 3
Performance ratings of service alternatives.

Step 3. Let h=1, and 6 = 0.01. We can model the linear pro-
gramming problem using the crisp form ¢; to replace
?j = [ay;, by, c,] and substituting r; to 7 in Eq. (23), as follows
Min {zi +Z13 + Za1 + 232 + 224 + Z34}

—45.75w; + 0.64w; +9.0ws + 0.62wy + 1.0ws + 21.0ws

+7.0v; —0.60v, —2.0v3 -0.4v,—-6.0v5 =1
Z12 + 14.25w; +0.353w, + 16.0w; + 0.81w, +4.25ws

+9.0wg —3.0v; — 030, —4.0v3 —0.6v,+1.0v5 -2.005 > 0
Z13 +56.25w; — 0.4w; + 7.0w3 — 0.44w, — 3.75ws

—12.0wg —9.0v1 +0.4v, —2.0v3+0.404 — 1.0v5 +4.005 = 0
Z41 +3.75w; +0.108w, +0.63w, + 7ws

-1.0v, —0.10v, — 0.60v4 — 2.0v5 > 0
Z3p —42.0wq +0.750w, +9.0ws + 1.25w, + 8.0ws

+21.0ws +6.0v; —0.70v, —2.0v3 — 1.0v4 +2.0v5 —6.005 > 0
Zp4 — 18.0w; — 0.46W, — 16.0ws — 1.44w, — 11.25ws

-9.0wg +4.0v1 +04v, +40v3+1.2v4—3.0v5 +2.006 = 0
Z34 — 60.0w; + 0294w, — 7.0w; — 0.19w,4 — 3.25w;

+12.0wg +10.004 — 0300, +2.003 +0.204

—1.0v5 —4.0v6 = 0

21220, 2320, zy4 >
=

s.t.

0
2320, 2420, 2330
j ..,6

w; =0, j=

—_

Step 4. Solve the optimal solution using Simplex method. This
step produces (w, v*) as Table 4.
The fuzzy positive ideal solution (FIPS) is located using Eq. (22)

*

== (n,....76) = (6.71,0.0,0.0,0.0,00,0.0)

Table 4
The optimal solution of Simplex method.

Paired comparison QoS attributes (c;) Variable v =wir;

judgments

7" = (212,213,241, 232, 224, 23) W' = (W1,...,wg)" v = (v1,..-,s)

(0.0, 0.0, 0.5, 0.0, 0.0,0.0) (0.17,0.0,0.09,0.0,0.0,0.00)"  (1.14, 0.0, 0.0, 0.0,
0.0, 0.0)

¥
A  (Fuzzy Positive Ideal Solution )

* EN)
Su|:W1 (rll_r]) ’

(Square distance from FPIS)

Fig. 3. The square distance of all service alternatives from FPIS a*.

Flight services (a;) QoS attributes (c;)

Maximum baggage Flight safety Check-in Payment for baggage Ticket Satisfaction on food
allowance ranking efficiency lost price quality
¢; (pounds) c3 (1-90) c; (1-5) 4 ($) x 10° cs ($) x 10> cg(1-5)

a; 40 11 3 1.2 4.5 4.0

a; 55 13 5 1.5 5.0 5.0

as 85 9 4 1.0 3.5 2.0

ay 35 10 3 0.9 3.0 4.0
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Step 5. Outrank the ranking of flight services.The square dis-
tance of service alternatives from PIS can be calculated using Eq.

(9):

si=wi(ra—r)% i=1,...,
s1 = 1.25,s, =0.249,s5

4, j=1
=0.545,s54 = 1.752.

From Fig. 3, we can judge the ranking order of service alternatives
by the square distance of service alternatives from FPIS (a*), that
is, @ is the best solution. So the ranking order of flight service alter-
natives is generated as following: a, > a; > a; > a,.

Step 6. Similarly way, we examine the rest of services: hotel,
insurance, car rental services, obtain the complete sequence of
composite web services, a, — as — ag — d;3, as the recommendation
which is expressed in Fig. 4.

4.2. Numerical Case Il

Consider to automatically look and compose the delicacies from
the available web services in Seattle. Focusing on the cuisine or fine
food where we use the Google Map to specify the context, as illus-
trated in Fig. 5. A user requests Chinese dish service with service

a a, a; ay
Q ®\ ® &) Flight services(a;. as) @
ds dg ag .
@ ﬁ @ Hotel services(as. a;) @
dg dg a0 apy
(&) @ e ® Insurance services(as. a;)&
ap aps
Car rental services(ay,. a;3)@

Fig. 4. Search result of a composite web service.

b ]

requests {PM 6:30-7:30, $60-$100, Chinese dish, distance: within
15KM}. If someone discovers no appropriate service to select, one
may relax the constraints to enlarge the discovery scope, that is,
Asia restaurants (including of Japan, Thai, Indian and Vietnamese
cuisine). To relax constraints, it show users have some possible ser-
vice alternatives and improves the quality of service provisioning
from Fig. 5.

Three users d, (p =1,...,3) offer their requests to select five
possible service alternatives a; (i=1,...,5) based on QoS attri-
butes ¢; (j=1,...,3)—acceptable price of ticket (c), taste of food
(c2), service of crew (c3). This case study focuses on the satisfaction
evaluation on restaurant services for different service consumer’s
requests. The service customers have their different subjective
preferences on the definition of the index on satisfaction. The
QoS term, satisfaction, is defined to illustrate the preference of
consumer.

Step 1. It is assumed that QoS term: satisfaction denoted as satis-
faction (Q) combining from the following three primitive
fuzzy terms,

(i) Acceptable price: As the cuisine price always varies on
different seasons, an acceptable price range is judged
by perception of customer, denoted as A for short. For
example, A(a,b,c)=(100,150,180) represent the
interval of acceptable price range for customer d; by
TFN.

(ii) Taste of food: it represents the satisfaction degree of
food taste, quality and diversity service in the restau-
rant, denoted as F.

(iii) Service of crew: it means the satisfaction degree of cui-

sine service of crew represented as S.
So, the degree of satisfaction can be formulated by
fuzzy simple additive weighting rule (Chen & Hwang,
1992), ie. Q=[W;®A)® WhoS)e (W F)/
(W @ W, @ W3). The weightings will be evolved to
reflect the situation for a number of consumers’ prefer-
ences. Then, acceptable price, expressed by TFN,
Tij = [us]= (ay, by, cij), can be denoted as Fig. 6.

%’ Hotel Service#2
%

o "

‘&%_
sy

P

Indtan faad #1

LT B
S T

lnd:an food #2

7L Al
i \/"

Fig. 5. Restaurant services selection.
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u_(x)

USD ($)

70 90 110 140 180

Fig. 6. Acceptable price expressed by fuzzy sets.

Step 2. In the following, each decision maker has to assign perfor-
mance rating x;;(d,) on service of food and service of crew
with linguistic terms, defined in Table 5, to service alter-
natives. In Table 5, the membership function of linguistic
terms for the rating of each service alternative is given
by (x —2,x,x + 2) for x; = (3,5,7) except (0,1,3) for x; is
“very poor” and (7,9,10) for x; is “very good”. The decision
makers assign acceptable price to five service candidates
as the first column of Tables 5-7. The individual fuzzy
performance rating matrix is shown as Tables 6-8.

Three service consumers (d;—d3) give their paired com-
parison judgments among five service candidates as:

Table 5
Linguistic terms for the rating of service alternatives.

Linguistic term Triangular fuzzy number ay, by, c;;

Very poor (VP) (0,1,3)
Poor (P) (1,3,5)
Fair (F) (3,5,7)
Good (G) (5,7,9)
Very good (VG) (7,9,10)

Table 6
Ratings assigned by service customer.

Flight service (a;) QoS attributes (c;)

Acceptable price c;($) Taste of food ¢,  Service of crew c3

a; (100,150, 180) Poor Good

a (110, 150,200) Good Very good
as (90,140, 200) Very good Poor

ay (60,90, 120) Good Fair

as (80,100, 120) Fair Good
Table 7

Ratings assigned by service customer d,.

Flight service (a;) QoS Attributes (c;)

Acceptable price ¢;($) Taste of food ¢,  Service of crew c3

a; (70,90,110) Good Fair
a (100,120, 160) Fair Fair
as (80,100, 120) Good Fair
ay (100,150, 180) Good Fair
as (120, 160,200) Good Fair

Table 8
Ratings assigned by service customer ds.

Flight service (a;) QoS attributes (c;)

Acceptable price ¢;($) Taste of food c;  Service of crew cs3

a; (80,110, 140) Good Fair

a (100,120,150) Good Good

as (110,130, 160) Poor Good

ay (70,90,110) Good Poor

as (90,100, 130) Fair Good
Q(di) ={(1,2),(1,4),(2,3),(2,4),(2,5).(3,1),(3,5), (4,3),(4,5), (5, 1)}
Q(d ):{( )7( )»( ; )7(2 3),(2, ),( :5)(4,3),(5,3),(5.4)},
Q(ds) = {(1,2), (1,5),(2,3),(2,4),(2,5),(3,5)(3,4),(5,4)}.

Step 3. By applying Eq. (6), the normalized performance ratings
matrix by decision maker d; is formed as

(0.50,0.60,1.00) (0.10,0.30,0.50) (0.50,0.70,0.90)
(0.45,0.60,1.00) (0.30,0.50,0.70) (0.70,0.90, 1.00)
(0.45,0.65,1.00) (0.70,0.90,1.00) (0.10,0.30,0.50)
(0.75,1.00,1.00) (0.50,0.70,0.90) (0.30,0.70,0.70)
(0.75,0.95,1.00) (0.30,0.50,0.70) )

(dl) [Fy] =
(0.50,0.70,0.90

Similarly, the normalized performance ratings matrix by
decision makers d, and d; can be obtained, respectively.
Step 4. Let h =1, and § = 0.01, we can formulate the linear pro-
gramming problem using Eq. (23).
Step 5. Solve the optimal solution using Simplex method. This
step produces (w, 7*) as follows

Z' = (212,214,223, 224, 225,231,235, 243, 245, Z51)
=(0.37,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0)

W' = (Wy, Wy, w3)" = (0.00,0.0,1.0)

v = (1h, 12, 03) = ((0.0,0.0,0.0), (0.0,0.0,0.0), (0.89,0.89,0.89))

The fuzzy positive ideal solution (FIPS) is located using Eq. (22)

F(dy) = 7w = (F,...,T3)"
= ((0.0,0.0,0.0), (0.0,0.0,0.0), (0.89,0.89, 0.89))

Step 6. Outrank the ranking of web services.The square distance
of service alternatives from FPIS can be computed by using

Eq. (10):
S1(dy) =0.275, S,(d1) =0.026, Ss(d1) =0.675, Sa(dq)
=0.515, Ss(d;) =0.275

So the ranking order of service alternatives is generated as
follows:

a; > ay = 0ds > aq > as.

Similarly, the optimal solution of (w,7*) is obtained as
Tables 9 and 10 using Steps (1)-(5) for the ratings of deci-
sion makers d, and ds, respectively.The fuzzy positive ideal
solution (FIPS) is computed by

Table 9
The optimal solution of Simplex method for rating of decision maker d,.

Paired comparison judgments Weight of Variable Vi =wirj
QoS
attributes
Z° = 213,214,223, 224, 225, 231,235, 243, 25, 251 (Wi, Wo,w3)|  0F = (vy,..., Ug)
(0.33, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0) (0.0, 1.0, 0.0) ((0.0,0.0,0.0)
0.23,0.23,0.23),

0.0,0.0,0.0))
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Table 10

The optimal solution of Simplex method for rating of decision maker ds.

Paired comparison judgments Weight of QoS Variable

attributes v =wr}

7' = 712,214,223, 224, 225, 231, 235, 243, Za5, 251 (W1, W2, W3)" vt = (v1,..., )

(0.0, 0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0,0.0,0.0) (0.187 0.813 0.0) ((0.0,0.1,0.1),
(0.17,0.17,0 17),
(0.0,0.0,0.0))

Table 11

Synthetic Judgment matrix.

Decision maker Service alternatives (a;)

a a as ay ds

d 2 3 0 1 2

dy 3 2 0 1 2

ds 4 3 0 1 2

Borda’s scores 9 8 0 3 6

F(dy) = (71, T2 T)"
= ((0.0,0.0,0.0), (0.23,0.23,0.23),(0.0,0.0,0.0)),
The fuzzy positive ideal solution (FIPS) is calculated as
P(dy) = (F1,T2.T3)
=((0.0,0.53,0.53),(0.21,0.21,0.21),(0.0,0.0,0.0)),

The square distance of service alternatives from FPIS for
rating of decision makers, d, and dscan be calculated:

Si(dy) = 0.064, Sy(dy) =0.223, S3(dy) = 0.714, S4(dy)

= 0464, Ss(dy)=0223, Si(d;)=0.171, Sy(ds)
=0298, Si(d3)=0699, S4(ds)=0.555, Ss(dy)
=0.348

Comparing the distance from FPIS using Eq. (10), the
ranking order of five service alternatives for three decision
makers is shown as, respectively.

a >01=05 > 04 >03, 01 >0y =05 > 04 > 043, A1 > 04y > s

> 04 > 03

Step 7. The prominent ranking approaches of group decision mak-
ing problems include AHP, Borda count, and entropy
method (Hwang & Lin, 1987). Here Borda count is selected
for its equity, scores of all service alternatives assessed by
three decision makers and the aggregation score are listed
as the fourth row in Table 11. From Table 11, the complete
ranking order of service alternatives is decided as

a1 >0y >04s > a4 > 04s.

5. Discussion

Even if the optimal solution is obtained, a significant issue of
LINMAP is remained for debate, i.e., consistent solution. From the
solution process of two cases, one could note that (i) LINMAP
method need not require the complete paired comparison, it can
gain a transitive ranking order for service alternatives, after com-
puted, (ii) when the number of service alternatives (i) exceeds
the number of attributes (j), then it is easy to yield a reliable solu-
tion of weight by the LIMAP, for example, six attributes are used for
assessing four alternatives in case I, as well as three attributes are
used for assessing five alternatives that is,i =5 andj = 3 in case II,
then the proposed model can gain a consistent solution wheni > j,

this method will obtain a well-fitting solution. Moreover, this
method may try to set w;=4, intending to stimulate the feasible
solutions for obtaining a non-trivial solution of weight of QoS attri-
bute by adjusting ¢. The target of consensual weight is to yield a
compromise solution of weights among items of QoS attributes.
From two distinct cases and trial and error examples, we knew that
the optimal solution sometimes tends towards converging to a sin-
gle item of weight value of QoS attribute in the resolution process
of LANMAP method.

6. Conclusion

This paper presents a fuzzy group decision model to solve the
selection of QoS-aware web services provisioning using a fuzzy lin-
ear program. The proposed model has the following features.

1. This proposed approach not only deals with the decision
maker’s imprecise perceptions under incomplete information,
but also objectively determines the importance weights of
QoS criteria. The weightings are based on group preferences
for a group of participants and realistically attain a QoS-based
ranking of a list of web services.

2. The proposed approach enables decision makers to select OoS-
aware services from the marketplace. In the multiple attribute
decision-making applications, our approach is a complement
way to the extension works of Srinivasan and Shocker (1973)
and Li and Sun (2007).
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