Hindawi Publishing Corporation
Mathematical Problems in Engineering
Volume 2012, Article ID 641361, 15 pages
doi:10.1155/2012/641361

Research Article

Service Selection of Ensuring Trans
Reliability and QoS for Web Servi

I College of Communication Engineering and Center
Weinan Normal University, West Chaoyang Stree
2 College of Mathematics and Information Science nter of Network Engineering Technology,
Weinan Normal University, 714000 Weinan, C

Correspondence should be addressed to Guoj
Received 11 April 2012; Accepted 26 June 2012
Academic Editor: Yuping Wang

icle distributed under the Creative
, distribution, and reproduction in

Copyright © 2012 Guojun Zha
Commons Attribution License,
any medium, provided the origina

Service-Oriented Architecture (SOA) p
standard-based protocol mposi

exible framework of service composition. Using
onstructed by integrating component services

component servi € on of composite Web service and construct the
i e propose a selection approach that combines

chitecture (SOA) is becoming a major software framework for distributed
siness and enterprise systems. Using standard protocols, Web
nt organizations can be dynamically and flexibly composed.
n build value-added applications by aggregating several existing
rding to dynamic business requirements.

submits business objective which the composition service should
me constraints and preferences [1]. Based on those, YAWL [2] is used
epresent the workflows model and describe the logic of composition Web
activity of a workflow is implemented by a component Web service,



2 Mathematical Problems'in Engineering

we obtain a composition Web service. Component Web service of every activity fulfilling
the user’s goal is selected among a set of candidate services. In this paper we focus on this
selection which could be dynamic and automatic, and we do not focus on the execution step,
the recovery, or replanning problems.

Although the problem of web service selection and composition has received a lot of
attention by many researchers in recent years, designing a composite Web service to ensure
not only correct and reliable execution but also optimal QoS remains an important challenge
[3]. Indeed, these two aspects of selection are always implemented separately..In [4], a
solution combines the business process adequacy of workflow systems and the reliability of
transactional processing. Similarly, in [5-9], only transactional properties are considered, and
QoS-based selection is not involved. For these researches Web services composition based on
transactional properties ensures a reliable execution; however, an optimal QoS composite
Web service is not guaranteed. The approaches [10-14] implement conventional optimal
QoS composition, but composing optimal QoS Web services does not guarantee a reliable
execution of the resulting composite Web service. Therefore, transactional-based and QoS-
based should be integrated.

Our research objective is to propose a reliable and efficient selection approach for
automatic Web service composition, where transactional and QoS requirements are both
integrated in the selection process. Transactional requirements should be considered firstly,
because if the selection is done based on QoS firstly (transactional selection followed by
a QoS), a local or global optimized QoS composition may not guarantee transactional
execution. In other words, the overall consistency and successful termination of composition
Web service are not ensured. For those reasons, the selection is done in two separate steps:
transactional service selection starts firstly, and the QoS-aware service selection is embedded
with the transaction-aware service selection.

The innovation of the paper mainly lies in a few aspects. Firstly, we present an ensuring
transactional reliability and QoS.service selection approach. The selection of the component
Web services is done by matching the Web services properties with the user’s desires. More
precisely, the selection is realized depending on transactional and QoS user requirements.
The former is established by means of a risk tolerance notion that is given in the paper. And it
indicates if the results can be compensated ornot. The latter is expressed as a weight over each
QoS criterion. Secondly, we build automaton model to implement transactional-aware service
selection, and using the model composite Web service can guarantee transactional execution.
Moreover, our,method is scalable because the user has only to define a global transaction
requirement and does not have to define the possible termination states of all component
Web service. Finally, nonfunctional QoS aspects (e.g. response time, availability, etc.) are also
crucial for selecting the web services to take part in the composition. In the paper, we consider
quantitative nonfunctional properties that can include generic QoS attributes like response
time, availability, price, reputation, and so forth, as well as domain-specific QoS attributes,
for example, bandwidth for multimedia Web services. We define aggregation functions and
use a Multiple Attribute Decision-Making approach [15] for the utility function. The utility
computation involves scaling the QoS attributes’ values to allow a uniform measurement of
the multidimensional service qualities independent of their units and ranges.

2. Web Service Transaction Descriptions

As composition=web service is a cross-organizational collaborative system, unexpected
behavior or failure implement of a component service might not only lead to its failure but
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also may bring negative impact on all the participants of the composition. In order to.ensure
overall consistency, execution of either a component service or composition web service
requires transactional properties. Section 2.1 describes web service transactional property.
Section 2.2 defines composition web service transactional property.

2.1. Web Service Transactional Property

The main transactional properties of a Web service we are considering are wretriable,
compensatable, and pivot [16]. A service s is said to be retriable (r for short) if it is sure
to be successfully completed after several finite activations. s isisaid to be compensatable (c
for short) if it offers compensation policies to semantically undo its effects. Then, s is said to
be pivot (p for short) if once it is successfully completed, its effects remain‘forever and cannot
be semantically undone, and if it fails, it has no effect at'all. A completed pivot-Web service
cannot be rolled back. Naturally, a service can combine properties, and the'set of all possible
combinations is {p, ¢, pr, cr}.

2.2. Composite Web Service Transactional Property

A composite Web service (CWS for short) is ‘a conglomeration of existing Web services
working in tandem to offer a new value-added service [17], which is often long-running,
loosely coupled, and cross-organizational applications. It orchestrates a set of services, as a
workflow-based composition, to achieve a common goal [18]. Transactional property of CWS
depends on two sides, transactional property of everyecomponent service and workgroup
patterns. Inspired by Mehrotra et al. [16],;we have the following definitions.

Definition 2.1. Atomic property of CWS' (a for short) is that if all component services are
completed successfully, their effects remain forever and cannot be semantically undone,
and if one component setvice cannot be completed successfully, previously successful
component services have to be compensated. (In other words, if one component service fails,
the execution result is compensated).

Definition 2.2. Compensatable property of CWS/(c for short) is that all component services are
compensatable.

Definition 2.3. Retriable property of CWS (r for short) is that all component services are
retriable.

Definition/2.4. Transactional Composite Web Service (TCS) is CWS whose transactional prop-
erty is in {a, ar, ¢, cr}.

In this paper, our object of transactional services selection makes composition service
to be TCS. TCS can ensure composite service is completed successfully and the consistency of
component services. TCS is. composed of elementary services whose transactional property
isin {p, ¢, pr, cr} or is composed of CWS whose transactional property in {a, ar, ¢, cr}.

3. Transactional Automaton Services Selection

Every activity of.workgroup selects proper service that makes composition service not
only become TCS but also satisfy use’s requirement. The selection depends on two
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Figure 1: Workflow patterns. (a) Sequential pattern. (b) AND-split and AND
and XOR-join patterns.

factors: workgroup pattern and use’s transactional r
ment is defined in terms of risk tolerance in Secti
the workgroup is workgroup pattern showing i
(AND-split), exclusive choice (XOR-split), syn
(XOR-join). When a service WS1 is assigned
to activity A2, the obtained composite Web se
where symbol SEQ() represents a sequential ion: i ed before WS2. The
WS2), where symbol
, WS2) means that both
services are executed in parallel. We do not consider t -pattern (XOR-split and XOR-
join) because in an XOR-pattern the Composite” WS contains only one Web service
WS, and the WS transactional pr ansactional property of WSi.
How to select service to assign eac orkgroup pattern is described
in Section 3.2.

zation (AND-join), and simple merge
ivity Al and a service WS2 is assigned

3.1. Definition of Ris

it is necessary to establ press their transactional criteria. We define
risk tolerance w ance of the uncertainty of application completion and
recovery. In ter erties for CWS, we believe that properties a and

10t guarantee the successful execution but if it is achieved the results cannot
the user. In this level the selecting process generates an atomic workflow.
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3.2. Transactional Automaton Services Selection

We can use transactional automaton selecting transactional property of

to workgroup pattern and previous service transactional property.

tional automaton we will propose some rules below.
The parameters are described as follows.

Aj; is an activity of workgroup.
Si ={sn,si,.-.,Sin}, where S; is set of candidate

P = {p,a,pr,ar,c,cr} is set of transactional pr

CWS = (ES, TP, PA) expresses compo
service, and TP is transactional pr
workgroup pattern.

3.2.1. Services Selection Rule in the Sequential Patte

Rule 1. One has CWS = (ES, TP,
SEQ(S;, Siv1) — tp(Sin) = {pr,a
{p,a} — tp(CWS) € {a})).

A tp(S;) = {p,a pr,ar} A PA
tp(CWS) € {ar}) Vv (tp(5;)

From Rule 1 we can find if previous
sequential pattern, and to
next activity is pr, ar, or i is a or ar and is moreover ar if all its
components are retria

ansactional property is p, a, pr, or ar in the

Proof. tp(Si) = ses effects of the previous service which cannot be
semantically u tial pattern the next should ensure successful
execution. The roperty must be retriable, pr, ar, or cr. d

nd to obtain selected TCS the candidate service transactional property of
s long as the next service is transactional service. When the WS

ious service transactional property is c or cr, if the next service failed
ice is compensatable. Therefore whatever transactional property of next
transactional. O
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3.2.2. Services Selection Rule in the Parallel Pattern

Rule 3. One has CWS = (ES, TP,PA) A (ES = S;US;;1) APA = PAR(S;, S
tp(Si+1) = {er} Atp(CWS) = a.

Rule 3 is applied to parallel pattern. S; and S;,; are bra
assigned service transactional property of one activity is p or a,
service should be cr.

Proof. In parallel pattern, when assigned service transactio
a, if it is completed successfully, and its effect is not sema
assigned parallel service is retriable (r), which can gua
failed, the other should be compensatable (c). So to ination and be
compensatable simultaneously, transactional prop ices should
only be cr. From Definitions 2.1-2.3, TCS is a.

Rule 4. One has CWS = (ES, TP, PA)A(ES = S;U PA = PAR(S;, Sis)Atp(S;) = {pr,ar} —
tp(Sis1) = {pr,ar, cr} Atp(CWS) = ar.

Rule 4 is applied to parallel pattern. S;
assigned service transactional property of one ac
service should be pr, ar, or cr, and TCS is ar.

f parallel pattern. If
other selected parallel

Proof. In parallel pattern, when as nsactional property of one activity is pr
or ar, it can ensure to be completed other assigned parallel service
is pr, ar, or cr. From Definitions 2.1-2. O

Rule 5. One has CWS = (ES, TP,PA) A (ES
tp(Sia) = o cr} A tp(CWS

i+1) ANPA = PAR(S;, Siv1) A tp(Si) = {c} —

Rule 5 is applied
assigned service trans
should be c or cr, and

Si+1 are branches of parallel pattern. If
ity is ¢, the other selected parallel service

rom Definition 2.2, TCS is c. OJ

PA) A (ES =5;U Si+1) APA = PAR(Si, Si+1) A tp(Sl) = {CI‘} —
V (tp(Six1) = {pr,ar} — tp(CWS) = ar) v (tp(Sis1) =
cr} — tp(CWS) =cr).

lied to parallel pattern. S; and S;;1 are branches of parallel pattern. If
1 property of one activity is cr, the other selected parallel service
1, ¢, cr}. When the other is p/a, pr/ar, ¢, or cr, corresponding to
Sisa,ar, ¢, orcr.

, when assigned service transactional property of one activity is
ffers compensation policies to semantically undo its effects, and it can ensure to be

ssfully. Therefore, the other selected parallel service is only transactional
O
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Part of the workgroup in which n

services have been assigned

(a) n+ 1th service selecting in Web service composition of the se:

Part of the workgroup in

/ which n services have been assigned
AND-split
\4 Activity n +

(b) n + 1th service selecting in Web ser

position of the parallel pattern

Figure 2: n + 1th s

3.2.3. Transactional Automaton Mo ices Selection to Web Service Composition

Either elementary service or CWS ¢ a e y of workgroup from the left to
bottom in the parallel patterns.
After n services assigned to n(n > 1) ac e different possible configuration of the
activity n + 1 is shown in Fig s shown in Figure 2(a), from the previous
workflow where service i
the next assigned servi Activi i ed from candidate services according to the
previous CWS transag a : or Rule 2. To Figure 2(b), the CWS which
is produced by part 7 5 have been assigned is parallel to assigned
service of activity + 1 assigned service is selected according to the CWS

driven by transactional property, we give
to Rule 1 to Rule 6, and it represents all possible
ined by the selection process. It is described by using Figure 2. I
service of first activity in the {p, a, pr, ar, ¢, cr}. {SEQ(,p),
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SEQ(,ar)
SEQ(,0) AR(,ar,

SEQ(,cr)

SEQ(,pr)
SEQ(,cr)

PAR(,c)
PAR(,cr)

PAR(,cr)
EQ(,cr)

) nPAR FinSEQ(pr) FinSEQ(,ar)
FinSEQ(c) nPAR(E) FinSEQ(p) PAR(,0) FinPAR(pr) FinPAR(,ar)
FinSEQ(.cr) /* FInPAR(cr) FinSEQ(,pr)
FinSEQ(,p) F?‘nS BQ(,ar)
FinPAR(,p) FinPAR(ar)
FinSEQ(,pr)
FinSEQ(,cr)
FinSEQ(,ar) FinSEQ(a)
FinPAR(,cr)
FinSEQ(,a)

FinSEQ(,ar)
SEQ(pr)
3: Transactio aton model.
CWS2 compose in sec s composite service of WS2, WS3, and W54,

d C ust be ar or cr (according to SEQ(,ar) and
h can make transactional property of TCS be a). CWS2
hould be ar or cr, and transactional property of
. omposed of WS2 and WS3, so WS2 and WS3 are
from the composition of WS1 with CWS2 is a. Continuing in the
n we can deduce that the elementary Web services assigned to
or cr. After selecting service assigned to activities Al to
its transactional property is a. The TCS can ensure the

transaction-based service selection many equivalent web services of
perty are available to perform the same activity, their QoS properties such
, and reliability become important in the next selection process. In order to
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Figure 4: Example workgroup.

reason about QoS properties, a model is needed to take into account the fact that QoS involves
multiple dimensions.

Assume a set WS of service classes. Each service class Sai = {Sai,Sa,,---- Sa,}
can be assigned to activity A; with suitable transactional properties in‘the workgroup after
automation selection, but potentially differ in terms of nonfunctional properties. Some service
providers might provide the same service in different quality levels, for example, at different
response times and different prices. For the sake of simplicity, we model each variation of
the service as a different service. In this paper, we assume that service brokers maintain and
update information about existing service classes and candidate services of each class in their
registries, making them accessible to service requesters.

We consider quantitative nonfunctional properties of web services, which can be used
to describe the quality criteria of a web service. These can include generic QoS attributes like
response time, availability, price, reputation, and so forth, as well as domain-specific QoS
attributes, for example, bandwidth for multimedia web services, as long as these attributes
can be quantified and represented by real numbers. We use the vector Qs = {g1(S), ..., 4,(S)}
to represent the QoS values of service ws, which are published by the service provider. The
function g;(S) determines the published value of the ith attribute of the service ws.

QoS attributes may‘be positive or negative. The values of positive attributes need to
be maximized (e.g., throughput and availability), whereas the values of negative attributes
need to be minimized (e.g., price and response time). For simplicity, in this paper we consider
only negative attributes because positive attributes can be easily transformed into negative
by multiplying their values by —1.

4.2. QoS-Based Composite Web Service

The QoS attributes of CWS are decided by the QoS attributes of individual services and their
composition relationships (which-are workgroup patterns in the paper). There are different
workgroup. patterns that individual services can be composed to form a CWS. Having said
that, the three workgroup patterns are; (a) Sequential pattern; (b) AND-split and AND-join
patterns; (c) XOR-split and XOR-join patterns. In this paper, we only consider the Sequential
pattern; which is the fundamental one. All the other models can be converted into sequential
model. We can find how to do the conversions in many published research for example.

The QoS vector for a CWS = {S4,,...,54,,} is defined as Qcws = {q1(CWS),...,
q-(CWS)}, where gi(CWS) is the estimated end-to-end value of the ith QoS attribute and
can be computed by aggregating the corresponding values of the component services.
In our model, we consider three types of QoS aggregation functions: (1) summation, (2)
multiplication, and (3) minimum relation.
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(1) Summation Aggregation Function

Price and response time aggregation function is as follows:

q(CWS) = > q(San),

i=1

where i is number of component services for a CWS that is ¢
from each service class WS;.
Reputation aggregation function is as follows:

4 (CWS) = % (42)

(2) Multiplication Aggregation Function
(4.3)
(4.4)

ices already assigned to the previous activities of the
. = {S44,S4,,---,54,,} is assigned to a same activity after

volves scaling the QoS attributes” values to allow a uniform
imensional service qualities independent of their units and ranges.
en followed by a weighting process for representing user priorities
scaling process, each QoS attribute value is transformed into a value
comparing it with the minimum and maximum possible value according
information about alternative services.
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Utility function of CWS F(CWS) is computed as follows:

" max gk (CWS) — g (CWS)

F(CWS) = » wy - -
( ) é k max gk (CWS) — min g, (C

where 7 is dimension of quality vector and wy is the weight of g
attributes. max gx (CWS) or min gx (CWS) is the maximum a
of the kth QoS attribute for a given composite service, and

max qx(CWS) = AF(max gk (S4,), max gk k(Sa,)), (6)

min g, (CWS) = AF(min g (S4,), min

where AF is aggregation function of the kth Qo
the maximum or minimum value of kth QoS
activity A;. They are computed as follows:

ute, and max qi(S4,) or min gk (S4,) is

te of candidate services S4,assigned to

max gi(Sa,) = max(ge(Sa,
(47)

min g (S4,) = min(qx(Sa,), gk Am))-

We consider the QoS-based optim
F(CWS).

izes the overall utility value

5. Experimentation

In order to evaluate the b n approach, we write program whose
the output is a TCS corresponding to
Web services assigned to each activity of
2 ed by implementing the proposed service
ona PC Core i3 with 2 GB RAM, Windows 7, and Java 2

involved composite services varying the number

a list of elementary
the input workflow:
selection approac
Enterprise Editi

h c transactional property is more expensive than a p or a one,
s additional functionality in order to guarantee that the result

ssfully finishes after a finite number of invocations. Table 1 shows the
es considered for each QoS criterion depending on transactional service
ment scenario.
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A1l PAND-split ND-join

A3

A5

A4 [SAND-split

Table 1: Set of values for

Qos vector Transacti

p a ar
Execution price 0-60 0-60 0-60
Execution duration 10-60 10-60 60-100
Reputation 1-6 1-6 1-6
Reputation 0.00-0.10 0.00-0.10 0.00-0.10
Availability 0.00-0.10 0.00-0.10 0.00-0.10

Figure 6 shown coincides with the real application. When transactional
is ris ance 0, the TCS should ensure to be compensated and undone.
TCS of risk tolerance 1. As price weight is bigger utility value

relationship of utility value and duration weight with different risk
ed in Figure 7, the more important the duration criteria to the user, the
on with risk tolerance 0 compared to a composition with risk tolerance 1.
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Table 2: Weight distribution.

Qos property Weight plan
) 2 3) 4)

Execution price 0 10 20 30
Execution duration 60 50 40 30
Reputation 10 10 10 10
Reputation 15 15 15 15
Availability 15 15 15

6

5

4

Utility value
w

es if the results can be compensated or not. The latter is
0S criterion. We build automaton model to implement

action requirement and does not have to define the possible

ponent Web service. Nonfunctional QoS aspects (e.g., response

like response time, availability, price, reputation, and so forth, as well
ic. QoS attributes, for example, bandwidth for multimedia web services. We
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Utility value
w
|
.\

--m-- Risk tolerance 0
—m— Risk tolerance 1

Figure 7: Experimental results for risk tolerance 0 a lerance 1.b ng duration weights.

utility function, and in particular the i ighting (SAW) technique. The utility
computation involves scaling the ow a uniform measurement of
the multidimensional service qualitie f't units and ranges

In the experimentation, in order tc antic meaning to the risk notion, we have
considered two scenarios where the execut ration and execution price of a WS depend
on additional 0perat10ns re i ir transactional properties. We used the

that the QoS of TCS is i
is important to the us
execution duration
best ones. The re
do not cost mor

er preferences. If the execution price criterion
e ones with the lowest level of risk. If the
o the user, then the riskier solutions are the
isk 0 is equivalent to risk 1 if compensatable services
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