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Abstract: In order to enable quality-aware web services selection
in the process of service composition, this paper first describes the
non-functional requirements of service consumers and the quality
of elementary service or composite service as a quality vector,
and then models the QoS( quality of service)-aware composition
as a multiple criteria optimization problem in extending directed
graph. A novel simulated annealing algorithm for QoS-aware web
services composition is presented. A normalizing for composite
service QoS wvalues is made, and a secondary iterative
optimization is used in the algorithm. Experimental results show
that the simulated annealing algorithm can satisfy the multiple
criteria and global QoS requirements of service consumers. The
algorithm produces near optimum solution with much less
computation cost.
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eb services are new software systems which can be
‘ V identified by Internet according to XML based open
standards(e. g. , SOAP, WSDL, UDDI and WSFL). Service
providers and users can describe and request services using
such standards. The technology of web services provides an
integration and interaction mechanism to the heterogeneous,
autonomous and loosely coupled distributed applications. As
a single web service simply to meet the needs of some prac-
tical applications, there is a need for composing a single ex-
isting web service, to generate more complex features and
more powerful web services to support various applications.
On the one hand, with the study of web services heating up
and more and more web services being published, initial
conditions for integrating services have formed. On the other
hand, due to the impact of the software reuse, people are
gradually paying attention to combinations of the existing
services. For example, many enterprises need to integrate
businesses and eliminate the large amount of information
islands. At present there are some different concepts of com-
bination for web services; a definition is given in Ref. [1].
A service composition combines services following a certain
composition pattern to achieve a business goal, solve a sci-
entific problem, or provide a new service function in gener-
al. Service compositions may themselves become services,
making composition a recursive operation.
Due to the increase in the number of web services, many
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services have the same or similar functions but often with
different qualities of service. Under the premise of the func-
tional requirements, the service which meets the users’ QoS
bounds is an effective service. In the study of the combina-
tion of web services, choice of services considering QoS be-
comes an important issue'”’. The current service selection
methods based on QoS of web services can be divided into
two categories: the calculation'”™ of QoS attributes and the
semantic-based'” approach. QoS attributes calculation meth-
od can achieve the global optimization of composite services
with QoS bounds. Most of the existing literature obtained
composite services on the basis of QoS attributes matrices
with linear programming'' or genetic algorithms"'. It is an
NP-complete problem that searches for a plan of the optimal
composite service which meets a number of QoS attrib-
utes””’ . The genetic algorithm is the most common optimiza-
tion method. Its encoding method and design of genetic op-
erator influence the efficiency and effectiveness of problem
solving. There is not a universal coding theory at present.
Linear programming is inefficient when the problem is with
difficulty formulated as a linear program. In this paper, the
heuristic random search technology—the simulated annea-
ling algorithm is used to solve service composition prob-
lems.

1 Web Services Composition Based on QoS
1.1 Definition for QoS of composite service

The QoS of a web service includes k attributes. The simu-
lation experiments in this paper consider five basic attrib-
utes”’: price, execution time, availability, reliability, and
service reputation. Assume that a certain composite service
named P will accomplish N tasks, the task ¢, will be imposed
on one particular type of service s,, and s, includes m serv-
ices with the same function. Then the QoS of the composite
service P can be defined:

1) Service price

N
Qprice = z qprice(srj’ tz) l s] s=m
i=1

where ¢, (s;, t;) represents the money that a service re-
quester has to pay for invoking service s, in the service class
s; for accomplishing task f,. The composite service price
Q.. (P) 18 a sum of every service s;’s price in P.

2) Execution time

N
Qi = zqdu(srj’ti) l<sj<sm
=

where q,,(s;, ;) represents the time that service s, costs in
the service class s, for finishing task #,. The composite serv-
ice execution time Q, (P) is a sum of time of every service
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s;’s execution time in P.
3) Reputation

1 < :
Qrcp = ﬁ; qrcp(sij’ ti) 1 $] =m

where q,,,(s;, ;) is a measure of trustworthiness for accom-
plishing task ¢z, by service s, in service class s;, which can be
obtained from the users’ experience of service s;. Q,,,(P)is
the average of the reputation of all the services in the com-
posite service P.

4) Reliability

1 ¢ .
Qrel = WZI qre](sii’ti) 1 $] =m

where q,,(s;, t;) is the probability that a request for accom-
plishing task ¢, is correctly responded to by service s, within
a maximum expected time frame. Q_(P) is the average of
the reliability of all the services in the services composition
p.

5) Availability

1 — .
0, = WZ], 9 (55 1) 1 <sjsm

where g, (s, 1,) is the probability that the service s, for ac-
complishing task ¢, is accessible. Q, (P) is the average of
the availability of all the services in the services composition
P. The QoS vector for service s, that completes task 7, is

q(s,,-) = {ql')rice(sij’ 1), qdu(sij’ 1), qrep(sij’ ),
Gra (S5 1) 5 G, (5 1) }

1.2 Description of services composition

In this paper, the directed graph is used as the structure of
the services composition.

Definition 1 Let G=(V,E, C, v, vg) be a connected,
directed graph with a given weight, where V= {v,, ..., v } is
the vertices collection of the graph G, and every vertex v, is
related to a QoS vector g(s;) of service s;. The QoS vector
is called the vertex weight; E is the collection of directed
edges of the graph G. If (v,,v;,) e E,then v, e V,v, e V; C
=(c,, ..., ¢;) is the k global quality constraints which is
brought out by users for the composite service; v, is the start
node that users bring up; v, is the end node that users bring
up.

Definition 2 Multi-constrained path: given the directed
graph G =(V,E, C,v.,v,), a path P from the start node to
the end node is called a multi-constrained path.

1.3 Multi-constrained services composition

Based on the above definition, this paper addresses the
problem that searching for an optimal service composition
which meets multi-QoS attributes bound and users’ function-
al requirements into a new problem: that of searching for an
optimal multi-constrained path in a directed graph.

In many applications, the solution to an optimal multi-
constrained path in a directed graph is to use the weighted
combination of the linear function g = w,q, + w,q, + ... +

w,q,(q, is the i-th QoS attribute of the service, l <i<k, w,
is the weight of g,), so that different QoS values are inte-
grated into a single one and then using the Dijkstra algo-
rithm to obtain the shortest path of the directed graph in pol-
ynomial time. But the Dijkstra algorithm does not consider
the restriction of the shortest path, so it cannot meet the
users’ requirements. For example, the service price is less
than c,; the execution time is less than c,, and the reliability
is higher than c,.

Since the problem that searching a multi-constrained (k=
1) shortest path is an NP-complete problem, when the num-
ber of nodes increases, the exhaustive search is impossible.
In this paper, we use an approximate algorithm—simulated
annealing algorithm that uses polynomial time to obtain a
near optimum solution.

2 Simulated Annealing Algorithm for Service
Composition

The simulated annealing algorithm ( SA)"" is a random
searching algorithm based on a Monte Carlo iterative strate-
gy brought up by Kirkpatrick in 1983. The method is in-
spired by experimental observations on crystallization from a
melt. At high temperatures, the atoms in the melt are free to
move around the sample. As the temperature is reduced, the
atoms tend to crystallize into a solid. If the sample is an-
nealed, i. e. , cooled slowly, then the sample stands a better
chance of forming a perfect crystal, which is the global min-
imum energy configuration of the system. Defects cost ener-
gy, and samples with defects correspond to local minima of
the energy. Since there are an enormous number of possible
configurations with defects, the energy landscape of the
cooled solid is very complicated with numerous hills and
valleys. Annealing allows the system to explore the land-
scape and settle down into one of the lower valleys. The SA
is less dependent on the problem information, so it is widely
used in many applications.

The SA for multi-QoS attributes constrained service com-
position is that:

1) Data preprocessing: Each QoS attribute of composite
service P is normalized by scaling its values so that they fall
within a small specified range 0 to 1. 0.

2) Randomly choose n,,, different service paths from the
graph (n,,, <n xn,n is the total number of the nodes in the
graph) and use the SA for each path.

3) T« T,,: According to the functional combination re-
quired by users, randomly choose one service s, from the
candidate service class s,, until all the needed services have
been chosen. According to the definition in section 1. 1, we
get the values for this path P; the path which cannot meet
the need is deleted. E. g. the price of path P is higher than
that which the users can afford, the time is beyond the limit
time that users require, and get a new path P.

4)Randomly choose a new path P’ from the neighborhood
of path P. The neighborhood of path P is the path with f( T)

randomly changed nodes, f(T) = TL X ( the total number of

max

the nodes in path P).
if eval( P)is larger than eval( P")
then P «— P’
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else choose P’ with probability of exp( - Ae;/al)
repeat this step for KT times.
5) Set T «— T
ifT=T,,
then do 4)
else do 3)

6 ) Secondary iterative optimization: Design function

g(0.(P)) =0,(P) -0.10,(P)Q.,(P) , where Q,(P) is the
value of the QoS of the current best solution; assume
g(Q.(P)) as constraint, go to 1), and search for the optimal
solution. If the new solution is close to( abs(eval(P) —
eval(P')) <exp( —6)), the best one for bestcount times or
no solution can be found in count consecutive times, then
end (In the experiment, bestcount =8, count =3).
In the above algorithm, T is the initial temperature, K
is the iterative times for each value of T, r is the cooling
rate, T, is the solidification temperature, and eval( P)is the
value of QoS bound for path P. The algorithm uses a linear
weighted function as evaluation:

eval(P) = Y W,0,(P)

where Q,(P) (1<<i<5) represents the five QoS attributes in
the path P, i.e., Q. (P), Q,(P), 0, (P), 0, (P),
0., (P); c, is the overall QoS constraint for the composite
service; W, is the weight of Q,(P).

and availability in decreasing trend. That is 1 represents the
best and 5 represents the worst.

The experiment uses the composite service as shown in
Fig. 1. In the figure, A to F represent six services which im-
plement different functions. A— B represents that A is exe-
cuted before B. Service B, C, D and E are of a relationship
between two elections.

Fig.1 Service composition P

The experiments are conducted on a computer with a
CORE-DUOLI 8 GHz CPU and 512 MB RAM, the develo-
ping environment is Eclipse 3. 2, Apache AXIS, and Tomcat
5. Simulation program sets the initial temperature 7, =10,
reducing 5% of the original temperature each time, and the
solid temperature 7, =0. 01. It obtains the approximate op-
timal solution after 9 282 ms. Tab. 1 shows some QoS values
of P. Fig.2 shows a variety of QoS attributes in the compo-
sition process. They give us the confidence that our SA
method can be used effectively to obtain good results which

can satisfy multi criteria.

Tab.1 The QoS data of an approximate optimal solution

Price Duration = Reputation  Reliability =~ Availability
Aeval =eval(P) —eval(P’) 48.88 114.77 3.16 1.36 2.11
85.30 101. 06 1.95 1.9 2.02
3 Simulations and Al‘lalysis 63.17 125. 49 1.85 1.85 2.12
We conduct a series of experiments to study the effective- 56.93 99. 98 1.61 2.36 1.92
ness of the SA on QoS bounded service composition. This 45. 67 73.09 2.27 1.75 1.98
paper randomly generates some services. Each service class 48.11 88.91 1.95 1.87 1. 68
includes 100 candidate services, and each candidate service 35.76 84.0 225 1.83 1.76
has five QoS attributes. The simulation program .sets five 46.52 90. 28 167 1 64 185
QoS param'eters'that range as fo!lowé. service price (1.0, 5271 105.7 104 158 87
30), execution time (20, 40), reliability (1, 5), reputation
R . L . 47. 65 102.0 1.93 1.39 1.26
(1,5), and availability (1,5), service reliability, reputation
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Fig.2 QoS attribute in composition process
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4 Conclusion

The QoS-aware web services composition is one of the
key issues in the study of web services. The composite serv-
ices, being dynamically selected and integrated, which meet
the functional and non-functional attributes raised by users,
have real practical value. This paper uses vectors to describe
QoS attributes of services, and addresses the problem of
searching for a optimal service composition which meets
multi-QoS attributes bound and users’ functional require-
ments into a problem of searching for an optimal multi-con-
strained path in a directed graph, and the designed SA to
solve the problem. The results show that compared with the
linear programming method and the Dijkstra algorithm, the
proposed method can obtain a multi-constraint approximate
optimal solution and has a lower time complexity. Our ongo-
ing research includes the web services composition model
description with context information and combination algo-
rithms which cover exception handling.
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