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Abstract—It is difficult to select a composite service with the
lowest actual executing cost using the existing methods for QoS-
aware service composition in cloud computing. By analyzing the
dynamic execution process of composite service with state
transition matrix, this paper proposes a new QoS aware optimal
service composition method. In view of the effect of composite
services reliability on the composite service performance, the
method regards the cost averaged for one time of successful
execution of a composite as its actual executing cost, and then
selects the composite services with the aim of minimizing the
composite service execution cost. The simulation result shows
that the proposed method is superior to other methods in
execution cost.

Keywords- cloud computing; service composition; quality of
service(QoS); state transition matrix

I. INTRODUCTION

In Cloud computing, everything is treated as a service,
e.g.SaaS (Software as a Service), PaaS (Platform as a Service)
and TaaS (Infrastructure as a Service) [1]. Business Process
Execution Language for Web Services(BPEL4WS), Web
Services Description Language (WSDL), Simple Object
Access Protocol (SOAP), Universal Description, Discovery,
and Integration (UDDI) and are widely used for service
composition,  description, registration, and  binding,
respectively[2-4]. Web service providers register web services
which are defined by WSDL on cloud computing platform
through an UDDI registry. Then web service requestors find
the cloud platform for the needed web services via UDDI and
invoke those services under SOAP. Multiple web services
need to be configured together to form a web service
composition which is able to accomplish complex business
function to satisfy service requestors’ functional and
nonfunctional requirements.

The nonfunctional requirements include cost, time,
reliability, availability which are so-called quality of service
(QoS). One of the web service QoS study is the composition
of web services according to QoS requirements. Web service
composition is often accomplished by the Business Process
Execution Language for Web Services (BPEL4WS for short)
[4]. The QoS of the composed service is determined by the
QoS of its underlying component services. Zeng et al describe
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the aggregation functions for the computation of the QoS
through component services in detail in [11]. It is easy to
imagine that there may be many feasible web service
compositions that can satisfy the same functional requirement
but take different QoS attributes. Therefore, the QoS of the
resulting composite service is a determinant factor to meet
different requirements of different users. There are two kinds
of web service quality optimization methods, i.e., local and
global optimizations. Ardagna and Pernici [7] discriminate
global and local QoS constraints.

The local optimization is done at a task level, i.e., choosing
for each task the web service with the best QoS[13]. No doubt
that the service composition is with the best QoS if all
component services are with the best ones. But the composition
cost is so high that the service requestors are unwilling to
accept. Global optimization is done at a process level where
services are selected for each task to obtain the optimal global
quality [7, 11].

Zeng et al discusses liner programming method of QoS
aware web service composition [6], D.A. presents a service
composition optimization method with service cost constraints
[5]. A service composition method based on Generic
Algorithm is described in [7]. Xiong et al bring a service
selection method to improve executing success rate by
describing web service composition with Petri Net [8]. A
service composition method to improve composition reliability
is shown in [9].

The execution order of each component service relies on its
position in the composition. A service composition is multiple
services which are arranged for executing. In many cases,
when a component service in a service composition modeled
with BPEL fails to execute, the BPEL process needs to restart
from the first component service [8]. And the service requestor
must pay for the component services which succeeded in
executing before the failed one. It is not hard to imagine the
afterward executing component services have greater effects on
the QoS of service composition than the previous ones. The
execution sequence of each component service is key factor of
the QoS of the service composition. As far as we know, there
are no studies on service composition optimization which take
execution orders of component services into account.



In this paper we discuss optimal service composition
concerning the execution sequences of the component services.
Firstly we analyze the dynamic execution process of service
composition using state transition matrix. Then according to
state transition matrix, a service composition optimization
method is brought forward. The simulation result shows that
our method is superior to existing ones.

The rest of this paper is organized as follows: Section II
introduces the definition and description of the QoS of web
service and state transition matrix. Section III analyzes the
dynamic executing process of service composition. The
aggregation function to compute the quality attributes for a
service composition is provided in this section. Section IV
shows a real example to certify the validity of the analysis
results and methodology. Finally, Section V concludes this

paper.

II.  QOS OF WEB SERVICE AND STATUS TRANSITION
MATRIX

A. QoS definition for a single web service and a service
composition

The component services in a service composition usually
execute in sequential, alternative or parallel order[13].
BPEL4WS (Business Process Execution Language for Web
Services ) [13] is the most popular web service composition
language. BPEL4WS model composes the services with
sequential, parallel or alternative containers in which the
services should execute in corresponding order. This paper
employs BPEL4WS to describe web service composition. The
influence of the component service logic position on the QoS
of the service composition will be discussed in detail. The
aggregation functions for the computation of the QoS of
service composition are presented.

A service composition described by BPEL4WS is also
considered as a service which can be invoked by other services
or applications. So single service and service composition are
both called service in this paper. The QoS of a service usually
includes cost, time, availability, reputation and reliability [16].
The reputation attribute is ignored for it has little relation to the

content of the paper. QoS ={c,..a,..r,,.d

ws 2 ws 2 ws

} is often
utilized to denote the QoS of web service ws. The meanings of
each unit are listed as follow.

¢, is the fee to be paid by a service requestor for invoking

ws

the web service WS each time.

a,,. is the attribute for evaluating an immediate availability
of ws.

r,. is the probability of receiving the right result within the
excepted duration time after ws is successfully invoked.

dws is the duration time from the moment ws is

successfully invoked to the moment the result is received.

The service composition described by BPEL4W S(which is
called service process in the following) will retry several times
and return with failure information if any single component
service is unavailable; The service process will exit from
executing and restart if any single component service is
unreliable[9,11]. At most times the requestors repeat the
invocation until the service process executes successfully or
give up after retrying too many times.

Here we define ¢S, as the average fee to be paid by a
service requestor for every successful invoking on the web
service WS . The failure cost is taken into account by cs .

B. State Transition Diagram and Status Transition Matrix

A Markov system (or Markov process or Markov chain) is
a system that can be in one of several (numbered) states, and
can pass from one state to another each time step according to
fixed probabilities [17].

If a Markov system is in statei, there is a fixed probability
p;; of it going into state J the next time step, and p; is
called a transition probability [17].

A Markov system can be illustrated by means of a state
transition diagram, which is a diagram showing all the states
and transition probabilities (See Fig. 1).
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Fig. 1 state transition diagram

The matrix P whose ijth entry is p;; 1s called the status
transition matrix associated with the system. The entries in
each row add up to 1. For instance, a 3X3 status transition
matrix P would be set up as in the Fig. 2.
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Fig. 2 Status transition matrix



III. EXECUTION ANALYSIS AND OPTIMIZATION FOR
BPEL4WS WITH STATUS TRANSITION MATRIX

A component service will execute successfully or
unsuccessfully after it is invoked. Then we define three statuses
which are ready (denoted by 1), successful execution (denoted
by 2) and unsuccessful execution (denoted by 3) for web
service WS . So we get its status transition matrix:

0 lﬁ\V? 1 - rWS
P =1 0 0 (1)
1 0 0

A BPEL process is composed of <receive>, <assign>,
<reply>, <invoke> and other basic BPEL elements. They are
organized according to certain execution order by <sequence>,
<flow> and other BPEL containers. For no fee happens during
the executions of basic BPEL elements except <invoke>, we
only take <invoke> into account. Since a BPEL process is
nested by <sequence>, <flow> and other BPEL containers, we
can analyze BPEL process by analyzing the execution
processes of them. Here only <sequence> and <flow> are
considered because they are frequently used in modeling a
BPEL process.

A. Execution Analysis for <sequence> container
Supposing that a <sequence> container seq contains 3 web

services which are denoted by ws/,ws2 and ws3(see Fig. 3),its
execution statuses are listed on Table 1.
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Fig.3 The structure of the <sequence> container seq

TABLE L THE STATUSES OF THE <SEQUENCE> CONTAINER SEQ
No. Description

1 BPEL process is ready
2 ws1 is successfully executed
3 ws1 fails to execute
4 ws2 is successfully executed
5 ws2 fails to execute

ws3 is successfully executed
6 .

(seq is successfully executed)
7 ws3 fails to execute

So we get the status transition diagram of seq displayed in
Fig.4. The Ist status is initial execution status of seq and the
3rd, 5th, 6th and 7th statuses are the final one. The execution
steps from the 1st status to the 6th form a successful execution
process. The successful execution process is uncertain because

each component service is probable to execute successfully or
not.

Fig. 4 Status Transition Diagram of seq

According to Formula (1), the status transition matrix is

0 r, 1-r, O 0 0 0
0 0 0 F, l1=r, 0 0
1 0 0 0 0 0 0
Fy,=|0 0 0 0 0 Tus 1= 7 ).
1 0 0 0 0 0 0
1 0 0 0 0 0 0
11 0 0 0 0 0 0 |

The fee to be paid to the providers of the 3 services is
variable because the execution process is uncertain. Thus we
calculate the average value of the fee and let it be one of the
QoS attributes for a <sequence> container. Let CS gy denote
the average cost of seq for each successful execution. Let
P, and ¢, > denote the probability and cost from the

Status sl to Status s2 respectively during the execution. It is
not hard to get:

* *
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According to Formula (2) and Formula (3), we get:
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B.  Execution Analysis for <flow> container

Supposing that a <flow> container flo contains 3 web
services which are denoted by ws/,ws2 and ws3(see Fig. 4),its
execution statuses are listed on Table 2.

flo

Yo

Fig.4 The structure of the <flow> container flo

TABLE II. THE STATUSES OF THE <FLOW> CONTAINER FLO
No. Description

1 BPEL process is ready

2 ws1 fails,ws2 fails,ws3 fails

3 ws1 succeeds,ws?2 fails,ws3 fails

4 ws1 succeeds,ws2 succeeds,ws3 fails

5 ws1 fails,ws2 succeeds,ws3 fails

6 ws1 fails,ws2 succeeds,ws3 succeeds

7 ws1 fails,ws2 fails,ws3 succeeds

8 ws1 succeeds,ws?2 fails,ws3 succeeds

9 ws1 succeeds,ws2 succeeds,ws3 succeeds

(flo is successfully executed)

So we get the status transition diagram of flo shown in
Fig.5. The execution steps from the 1st status to the 9th form a
successful execution process.

Fig. 5 Status Transition Diagram of flo

According to Formula (1), the transpose matrix of status
transition matrix is

0
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The execution process is variable. So the fee to be paid for
the 3 services during each execution process is different from
one another. Then the average value of the fee is computed and
considered as one of the QoS attributes for a <flow> container.

Let cs 4, stand for the average cost of flo for each successful

execution. Let p, - and ¢ denote the probability and

s1—s2
cost from the Status sl to Status s2 respectively during the
execution. It is not hard to get:

9
CSpy = zpl—n' e /p1—>9 (6).

i=2
According to Formula (5) and Formula (6), we get:
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C. The comparision between STM based Service
Composition QoS Compution with Other Methods
The attribute ¢, of the QoS or ¢, /7, is used as the

cost at which the service requestor invokes the service WS in
most papers [2-10]. When the service is a single one it is true.
But most services in the internet are composite ones. We will

prove that the attribute ¢s,  is the real service invoking cost

by experiments. Only according to ¢s,  of the composite

service WS can we get the optimal service composition for
ws.

The QoS values of component services in a <sequence>
container seq shown in Fig. 3 are listed in Table III.



TABLEIIL. ~ THE QOS VALUES OF SERVICES IN FIG. 3
c r d
wsl 8 0.9 11
ws2 9 0.9 7
ws3 12 0.8 20
By existing methods, the execution cost of seq is:

€ =(c +cws2+cws3)/(r Fraluss ) = 44.75.

seq wsl wsl"ws2"ws3

By our method, the average cost of seq for each successful
execution is:

cs,,, =34.36.

We also build a computer program to simulate the
execution of seq. The simulation result of execution cost is
34.358. It is obvious that our method is nearer to the simulation
result.

IV. SERVICE COMPOSITION OPTIMIZATION BASED ON STM

The BPEL4WS process shown in Fig. 6 is a distributed
traffic simulation process. Because the traffic model is too
huge to be simulated by one computer, we divide it into 3
parts and simulate them on 3 computers respectively. The
simulation result is calculated when the simulation finishes. 5
services should be invoked during the simulation process.
Each service has 4 candidates which are functionally same
but carry different QoS attributes. The QoS values are all
listed in Table iv in which can_i(i=1,2,3,4) denotes the ith
candidate of corresponding service node. Only ¢ and r of the
service QoS are taken into account here.

4 seql N

<. Decompose the
%)

traffic model

flol

“~ Y a
<« Simulate the <« Simulate the Simulate the
Ist arca 2nd area 3rd arca

Y
2 Calculate
@ simulation result

Fig. 6 The BPELAWS for distributed traffic simulation

ws3 | 621082 66 |087| 57 [079] 7.3 [0.92
ws4 | 58107961 |08l ] 68 | 09 | 7.6 [0.96
wsS |45]1081 |56 092] 40 |075] 5.1 [0.87

TABLE IV.  THE QOS VALUES OF ALL CANDIDATE SERVICES
can_1 can_ 2 can 3 can 4
c T c r c T c T
wsl 5 1082 ] 6 093 45 /076 | 5.6 |0.88
ws2 6 [ 08167108 ] 55 ]1076] 7.5 | 094

Two service compositions with minimized cost are selected
according to existing method and our method separately.

Then the simulation is done to show the real costs of the
service compositions obtained by the two methods. The results
are compared in Fig. 7. It is obvious that our method is superior
to existing method.
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Fig. 7 Running costs comparison of service compositions
obtained by our method and other methods

V. CONCLUSION

This paper uses state transition matrix to analyze the
dynamic execution process of service composition described
by BPEL4AWS. A method is proposed to select optimal service
composition according to the cost that the service requester
should pay for each successful execution. We compare our
method with other methods by simulation which shows our
method is distinctly superior to existing methods. For some
reasons, only the <sequence> container and <flow> container
of BPEL4WS model are mentioned in the paper. Other
containers will be discussed in future explorations.
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