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Abstract—In recent years, web service composition provides a
new solution to the comprehensive application. During the web
services composition, directed graph provides credible choice for
the composition process. At the same time, the web service
matching degree is an important parameter during the
composition. It selects the service which needed in the
composition more precisely and improves the quality of web
services composition.
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. INTRODUCTION

With the development of network technology and the need
of new composite applications, in the current new application
and system business requirement environment, with an open
web service manner, which service quality assurance of web
service composition is becoming a hot spot of research fields
related to Web services.

W3C gave a definition about web service in the Web
Service Architecture [1] in 2004: web service is a software
system; it is designed to support interoperable interaction
between machines on the network. It has a clear,
machine-readable description, general standards (Web
Services Description Language, WSDL). Other system
interact with it by pattern in the description, the specific use of
SOAP (Simple Object Access Protocol) messages and other
Web standards, with a completely open, loose coupling,
standard protocol specification and highly inheritable
capabilities Characteristics etc..

Which are the hot topics that has a good extendibility,
scalability, and openness of the Web service composition of
general formal description method, QoS guarantee and
evaluation of web service composition, the use of MDA
(Model Driven Architecture) [2] thoughts to guide service
composition and so on.

The introduction of QoS for users to choose the high
quality of atomic services provide guarantee [3], but there is
no guarantee that the results of the service composite must be
credible. Zeng etc. with the introduction of QoS model and
linear programming technique [4] focused on paying attention
to service in the service portfolio choice, puts forward a
quality driven approach to service portfolio to choose the
appropriate service. Reference [5] realized the service
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composition with the multi-dimension QoS attributes as
constraint mechanism model. Literature [6] designed a
controller to derive the web services' trust level according to
the atomic web service's different trust types, which provided
the execution path for service requester to choose the optimal
method.

1. THE RESEARCH STATUS

Which the web service itself has the characteristics of
loose coupling make a dynamic service combination possible
at runtime. Web services has the functional and non-functional
attribute, the latter mainly refers to the quality of service
(quality of service, QoS) parameters, such as the service time,
the cost, accessibility and service reliability, etc. [4,7].

Reference[8] calculated the QoS of dynamic combination
of service using the analytic hierarchy process (AHP), the
method choose the QoS factor according to the service
consumer expectations, calculate the quality of the Web
service by use of QoS weight values.

About web service QoS, in theory, literature [9] proposed
web service scheduling based on the QoS trust relationship,
and reference [10] proposed a web service selection model
that supports QoS, both are focused on web services selection
choice based on QoS index, but there is no reliable QoS
computation method. QCMA proposed by reference [11] is a
kind of selection model about service quality perception to
customer as the center. Literature [12] in web services
selection process was not only considered service providers’
objectively QoS information, and reference the service
consumer “subjective idea", so that customers can select the
appropriate web service from his own point of view.
Literature [13] in the web service composition modeling
added Petri nets and the workflow components to further
optimize the business processes, implements validation to
business process based on QoS.

Some studies focus on consistency problem in the
communication service data model, it solves based on
grammar. In the QoS of service composition [14-17], a lot of
research on the formalized description, measure, and put
forward QoS model supporting service composition. They
solve and optimize QoS constraints problem by linear
programming method.

QoS-Aware web service composition based on probability
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realizes the QoS requirement that were difficult to process in
traditional methods. The Rollout algorithm probability
resolved QoS model that difficult to apply in dynamic service
composition [18].

In the literature [19], it defined two kinds of quality
parameters of semantic Web service, general parameters and
field parameters of web service quality. General parameters
are field independence, it refers to has nothing to do with the
Web services features of performance indicators, are: time,
cost, reliability, security, availability, credibility, etc. The
parameters with field related reflect the information about
specific area business content, the business context and
service providers, etc. To multi-objective optimization
problems, for the unified operation, each index needs
dimensionless processing i.e. normalized [20].

Service development thought based on SOA put forward a
kind of service composition method based on QoS [21], and
provides the strategy that can build web service based on QoS
and select the best service. It uses the integration of a single
service in order to get the whole best quality of the final
composite service. It meets the function demand of users’
composition service; in the same time, it meets the QoS
demand, realized optimization of demand service.

Service research based on QoS [22] can be roughly
divided into two categories: One is the service selection of
multiple QoS constrained being modeled for the 0-1 knapsack
problems or the optimal path problem of directed acyclic
graph, provided services selection algorithm based on this
model, such as literatures [17,23-25], etc.; Another kind of
method establishes QoS ontology, which uses ontology
description ability and inference ability to improve the
accuracy of service matching, such as the literature [26-28],
etc. Web service selection based on QoS can provide users’
better quality of service and web service selection based on
user demand for QoS and vagueness of the preferences is one
of the ways [29].

In this paper, on the basis of previous studies, using
directed weight figure, considers common web service QoS
properties and matching degree of each web service in the
combination to help comprehensive consideration to choose
the Web service path.

1. A DEFINITION TO A WEIGHTED GRAPH

Set directed graph G=(V, E), the vertex V represents the
Web service. Directed edge between two vertices E represents
output of the previous service which can meet input of the
latter service, this is to say, two services can be combined.
Each vertex has weight attributes that web service itself
owned, such as node Vi has a weight of (Vil, Vi2...)

Each Web service has the service price (M), response time
(T), reliability (A) and credibility (R) attributes such as shown
in table I:
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Figure 1. Web service composition diagram

TABLE I.  Q0s VALUE OF EACH WEB SERVICE

Web | M T A R Web | M T A R

WO 120 | 100 | 0.96 | 0.93 | W6 130 | 90 0.87 | 0.86
W1 110 | 105 | 0.94 | 0.94 | W7 95 125 | 0.94 | 0.96
W2 105 | 90 0.88 | 0.90 | W8 100 | 120 | 0.95 | 0.93
W3 90 110 | 0.90 | 092 | W9 125 | 100 | 0.91 | 0.95
W4 125 | 120 | 0.86 | 0.88 | W10 | 120 | 130 | 0.89 | 0.91
W5 115 | 95 092 | 0.89 | WE 110 | 105 | 0.93 | 0.90

The combination according to QoS, chose the path of
combination which increases the matching degree as
requirement. According to the description logic thoughts, in
the process of service composition, required matching service
is not completely consistent with the service that can provide
input.

A directed edge existed between the vertex Vi and Vj,
there is an order < Vi, Vj >, considering whether the output of
the Vi match exactly with input of the Vj. if it is an exact
match, the matching degree is defined as 1; If it is completely
match defined as a value between 0 and 1, temporary not
consider partial matches, fuzzy matching and plug-in
matching.

Suppose listed service in the figure, matching degree that
can matched between two services (that is, each edge has a
weight) as shown in table I1.

TABLE II. MATCHING DEGREE BETWEEN SERVICES
SHOWED IN THE FIGURE1
0|12 3 4 5|6 7 8 9 10 E
0 1 0.95 0.85
1 1
2 0.6 0.7
3 0.8
4 0.9
5 0.6
6 0.
9
7 0.8
8 0.7
9 0.85 0.
85
10 0.
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IV. COMPOSITION STRATEGY

A. Property Normalization

According to the each attribute characteristics of Web
services, some attributes is the less, the better, such as
response time, service price etc. some attributes value is the
greater, the better, such as reliability etc...In order to unify the
incommensurable problem of the attribute in the calculation,
use the following as the process method to dispose the
response time, service price etc.., with 1 minus all attributes
which divided by the maximum number of this attribute value
in the all service, as to participate in the calculation of
attribute values, which is 1 — Vin/Vimax, namely take all
attributes maximum in the process of composition.. As to the
price attribute, the price attribute of the service which
participate in the composition respectively is (60, 120, 80,110,
100), according to the above method resulting from the
conversion (1/6, 0.5, 0, 1/3, 1/12) it reflects web service cost’s
advantage in the web service composition.

The normalized QoS values of the each web service in the
composition diagram (Fig.1) are shown in table 11l.

TABLE Il1. NORMALIZED QOS VALUES OF THE EACH WEB
SERVICE

M T A R M T A R
WO | 008 | 023 | 096 | 0.93 | W6 0 031 | 0.87 | 0.86
W1 | 015 | 019 | 094 | 0.94 | W7 0.27 | 0.04 | 0.94 | 0.96
W2 [ 019 | 031 | 0.88 | 0.90 | W8 0.23 | 0.08 | 0.95 | 0.93
W3 | 031 | 0.15 | 090 | 0.92 | W9 004 | 023 | 091 | 0.95
W4 | 004 | 008 | 0.86 | 0.88 | W10 | 008 | O 0.89 | 0.91
W5 | 016 | 0.27 | 0.92 | 0.89 | WE 0.15 | 0.19 | 0.93 | 0.90

Choosing the possible composition path, that is, from

initial vertex to the finish, calculate comprehensive QoS value.

Users can select according to his requirements.
According to figure 1, it has the following composition
paths:
Composition path 1: 0, 1, 5,9, E
Composition path 2: 0, 2, 4, 6, E
Composition path 3: 0, 2, 7,9,10, E
Composition path 4: 0, 3,8,10, E

B. Composition Process Calculation

In the process of service composition, price, response time
attributes is calculated by the accumulation, reliability,
credibility by multiplication calculation. Considering the
matching degree of each compute, it calculates by
multiplication as a whole.

The selectivity in the process of composition is:

ZWM T,AR *HS

As it:
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W, = HV“‘ i is the number of the web service which join

I

in the composition.

Each attribute and the match degree of web services in the
composition path 1:

Price is: WM=V01+V11+V51+V91+VE1=0.58

Response time is: WT=V02+V12+V52+V92+VE2=1.11

Reliability is: WA=V03*V13*V53*V93*VE3=0.70

Credibility is: WR=V04*V14*V/54*\/94*\VVE4=0.64

Considering the match
(WM+WT+WA+WR)*S01*S15*S59*S9E=1.55

The selectivity of the web service composition to the pathl
is 1.55.

The same method:  Path2: 1.27; path3:1.31; path4: 1.28

Through the calculation, pathl is the selection of the web
service composition.

degree

C. Contrast Calculation

Or it focuses on matching degree to composition; every
path is calculated separately by formula and the paragraphs
path value addition composition:

Z[(\/il Vi, +Vj +V),) + Vi xV 3 +Vi, <V, ]x S

i
The vertex i, j is the serial number of the web service
composition, and tow adjacent services in the path. As Pathl, i,
j values followed by {(0, 1) (1, 5) (5, 9), (9, E)}

The composition selectivity is calculated by the method
respectively: 8.29,7.42,9.99,7.47.

Considered in the above four paths, pathl, 2, 4 have five
services involved in composition, and the path3 has 6 service
to participate in, so when using the second method to calculate
numerical bigger must be happen, and relative to the path 1,
path3 increase the number of the interface because of more
web services in the composition.

In the weight calculation, it adds the interface humber to
the path, and then the path of the 1, 2, 3, 4 optional were 2.073,
1.855, 1.998, 1.868.

Comprehensive consideration, pathl is the preferred
composition.

In short, which integrated considering the QoS attributes
and matching degree between, pathl is the optimal choice.

V. SUMMARY

Web services composition method based on directed
weight graph not only considers the function requirement in
the combination process, but also at same time, according to
the needs of users focus on considering the non-functional
requirements. Especially which the combination of the
matching degree and QoS attribute, focus on the problem that
encountered in the actual web service, and better provide
reference path for the users in the process of Web service
composition. In the later study, it emphatically pays attention
to improve the matching degree between Web services, will be
able to better and more precise meet the users’ requirements.
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