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Abstract—Process mediation plays an important role in
ensuring successful interaction between a provideand a
service requestor. Therefore process mediation call be
conceptualized as a ‘middleware’ that coordinates he
interaction between web services. The Semantic W&ervice
promises automation in discovery, selection and cgmosition

but is still facing serious challenges in resolvingnismatches
where the Web service interaction takes place. Fothis

paper, the WSMO, a Semantic Web Services frameworls

chosen and the current process mediation approachebat

have adopted this framework are analyzed. The findgs
enable the identification of some open issues andqgeess
mediation elements. These identified factors can beirther

explored to support automatic communication mismathes
in the generic Web Services.
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l. INTRODUCTION

Web service is one of the rapidly growing technieg
that have been widely adopted by many organizations
industry. The main goal of the web service is todpice
software component and business application that ar
available via the standardized interfaces. As theran
extensive increase in the number of Web Servides, t
needs of automation for discovery, selection and
composition of these Web Services have risen. dieroio
bring an automation task into a web service, a sima
description on the method of invoking a service, Way
the service works, the order of calling a serviod ¢he
functionalities it offers has to be added to the bwe
Services. There are two well-known Semantic Web

Services Frameworks and these are the OWL-based web

service (OWL-S) [1] and Web Service Modeling Ongplo
(WSMO) [2].

Many Semantic Web Services research works are
focused on automation of discovery, selection and
composition of the Web Services which are aided by
ontology. Research findings have highlighted thae t
most challenging tasks during automatic discovery,
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selection and composition of the Semantic Web $Sesvi
are diagnosing and resolving incompatibility betwee
Web Services. As a result an important terminology
“Mediation” in Semantic Web Services has emerged to
handle incompatibility between Web Services.

Fensel and Bussler [3] have described mediatiota as
process for settling a dispute between two partiesre a
third one is employed whose task is try to find mam
ground that will resolve inconsistencies betweeairth
respective conceptualizations of a given dorhakpart
from the definitions of Fensel and Bussler, theeeraany
other definitions for mediator in context of Webhr8ees.

For instance, Grahne and Kiricenko [4] define miedtias
a “software module that provides sharing of serviced a
agglomeration of resources into complex service”

There are three types of mediation, namely data,
functional and process mediation. There are a fsigmnit
number of researches on the Semantic Web Senhegs t
have explored data and functional mediation whigh i
essential for automatic discovery, selection and
composition. On the other hand process mediati ha
only been introduced as a supporting componenhén t
composition of Web Services.

This paper focuses on process mediation in WSMO.
For this study, current solutions are explored apén
issues that are needed to be addressed and iddntifi
support process mediation. It is clear that datdiatien
is an important element in process mediation aedetis
the dire need to mediate each incoming and outgaéta,
before understanding the interaction between thdrare
are many existing researches on data mediation that
support process mediation [5, 6] and therefore, the
semantic or ontology in process mediation approaeie
not mentioned in this paper.

The techniques identified have been wused in
understanding the interaction between the Web &esvi
It has been found that the existing process mediati
approaches in the WSMO framework are tailored to a
specific web service interaction scenario. Theeraany
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elements needing to be explored to support themzatio
generic Web Service solutions.

Here on this paper is organized as follows: Sec#on
describes the process mediation in WSMO Framewudk a
provides definitions of process mediation and mtedia
components. It also explains how choreography fter
supports process mediation. Section 3, describeseps
mediation approaches that uses the WSMO Framework.
Section 4, provides a discussion on the currentcages
and addresses the open issues that need to beeskio
generate process mediator automatically for generic
solutions. Finally, Section 5 provides some disicusand
the conclusions.

Il.  PROCESSMEDIATION IN WSMO

This section describes the role of the process atadi
in resolving mismatches in messages. It explaioh ggpe
of the message mismatches and the ways to reduive t
All the important component of WSMO that play
important roles in process mediation have been
summarized as follows.

A. Role of Process Mediator

The process mediator is called the communication
mediator in WSMO. Fensel and Bussler [3] identified
three types of communication mismatches between the
Web Services, namely precise match, solvable and
irresolvable mismatches. A precise match occurawthe
sender web service sends the message in the axkst o
that the receiver web service has requested. Torerdf
only requires data mediation to solve possible data
format mismatches. The unsolvable message misnsatche
usually comes to a dead end. This paper focusehen
solvable mismatches that have been highlighted agym
researchers. There are five situations that gemerdvable
message mismatches as stated below:

1) sender Web Service sends a message that is not
expected by the receiver
sender sends single message that is expected to be
in multiple forms
sender sends multiple messages that are expected
to be in the single form
sender sends messages in wrong order
sender is not sending messages that are expected
by the receiver.

Cimpian [7] has presented five ways that the preces
mediator could address solvable mismatches asd liste
below:

1) it stops the original message since it is not
requested by the receiver
it splits the original message before reaching the
receiver
it combines the original message before it
reaches the receiver
it inverses the original messages before it reaches
the receiver

2)
3)

4)
5)

2)
3)

4)
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5) It sends a dummy message since a message is
expected by the receiver

Similarly, there are many researchers [8, 9] wheeha
identified interaction patterns that are able &m$form an

original message into the required communicatidtepa

B. Mediator as WSMO Component

This framework provides a rich description of dlet
related aspects of Web Services through four inapbrt
components which are: the goal, web service, ogjolo
and the mediator. The ontology component plays an
important role in this framework since it carrigset
semantic description for all the other componentshis
framework. The goal component defines the user’s
preferences with respect to the requested fundiigraand
interfaces through therequestedCapability and the
requestedinterfaceOn the other hand, the web service
component defines the offered functionalities dreways
to interact with the services through the capabitind
interface elements.

Generally, the goal, the web service and the ogjolo
components play a common role to bring the semantic
description to a Web Service which is similar tdest
Semantic Web Services Frameworks. However, this
framework has proposed a distinctive component know
as the mediator to resolve the interoperabilityofgms in
Web Services at various levels such as data, fumadtand
process mismatches. This component contains four
elements which are tHteOMediator the GGMediator the
WGMediator and the WWMediator to overcome
interoperability problems between different the WSM
components.

Based on the definition provided in [2], the
WGMediatorand theWWMediatorare closely related to
the process mediator. However, the implementatfcthe
WWNMediatorin resolving these process mismatches is not
specified clearly in any of the provided example.

C. Choreography Interface that Supports Process
Mediation

This section describes how process mediation takes
place in the WSMO framework. The process mediaton
closely related to the interface element of thel god the
web service components. The interface element ibescr
how the functionality of a service can be obtaiffienn
two perspectives namely the choreography and
orchestration interface.

The choreography interface explains communication
methods between the service provider and the rémues
whereas orchestration interface explains the
communication methods among several Web Services.
This paper limits the process mediation in the
choreography interface due to limited resourceslabla
for process mediation in the orchestration intexfathe
two main elements in the choreography interface tha
supports process mediation are state signatures and
transition rules. Figure 1 illustrates the elemeintghe
choreography class which is extracted from [10].
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Classchoreography

hasNonFunctionalPropertigge nonFunctionalProperties
hasStateSignatutgpe stateSignature
hasTransitionRuletype transitionRules

Figure 1. Choreography Interface

In WSMO, the choreography interface is described as
using state-based technique which is based on @dbstr
State Machine (ASM) methodology. They state sigmatu
plays important role to define the mode or stateeath
instances it is used in the choreography interfddes
state signature elements are described by an gytato
WSMO. Below are the five modes of state signataes
described in [10]:-

1) Static: any instance of relation and concepts in the
“static” mode cannot be changed by both the provéahel
requester’s choreography interface.

2) In: any instance of relation and concepts in the “in”
mode can only be read by the choreography interfiace
also means that the instance in “in” mode is exgrbes
input by the choreography interface to invoke thevise.

3) Out: any instance of relation and concepts in the
“out” mode can only be created by the choreography
interface. It also means that the instance thatoun”
mode will be produced as an output during the iatioa.

4) Shared:any instance of relation and concepts in
the “shared” mode can be read and created by Meth t
choreography interface.

5) Controlled: any instance of relation and concepts
in the “controlled” mode can only be created and
modified by the choreography interface.

These state signatures do not return the actuae el
the instances during the invocation. They only aonta

Boolean value (true or false). It returns true whem
instance is required by the corresponding servi s
instance with “in” and “shared” mode. It will aldme
stored in the internal repository since it can Beful in
communication between the services.

The second important element in the choreography
interface is the transition rules. They also termead
guarded transitions. A rule is triggered when therent
state of the instance fulfills certain conditioi$e rule
does not reflect the actual system processing ef th
instance value. However, it expresses the data flow
between the interacting Web Services.

lll.  PROCESSMEDIATION APPROACHES USINGVSMO
FRAMEWORK

In this section, we will discuss four process mgdia
approaches that adopt the WSMO Framework and these
are the message-based process mediation, the groces
mediation algorithm in Semantic Web Service (SWS)
challenge, the process mediator as goal in IR8Ad the
space based process mediation in Triple Space Gorgpu
(TCS).

A. Message based process mediation

In this WSMO Framework, the process mediation at
runtime is as proposed in [11, 12]. It mediates
communication mismatches between the provider and
requestor by analyzing the state signature andsitiam
rules in the goal and web service components.

Figure 2 illustrates process mediation in WSMO and
the interaction between the choreography interfatdbe
goal and web service. It also illustrates the oflthe state
signatures and transition rules in the process aiedi and
the main components in the process mediation ssi¢thea
Choreography Parser, Internal Repository and thé/Ws
Reasoner and Data Mediator.

Requestor Goal: Choreography

Interface

Process Mediation in WSMO

I Web Service : I

1 Choreography Interface 1
————— l— —— w— — —— ﬂ

Provider

| State Signature | |
1

out

=

WSML Reasoner

|

. |
W |
|

l Controlled ‘ I

|

| ‘ Data Mediation

E I
: l Shared “‘ !

I
I
1
1
1
1
I
}' Transition Rules
I
1

Figure 2. Message-based Process Mediation
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This approach uses the Choreography Parser to check
the mode of each state signature before it stbr@s tin
the Internal Repository. It matches the “in” modstance
in a goal/web service interface with the “out” mode
instance from the web service/goal interface. Tinisand
“out” list defines the data flow between the prardnd
the requestor. This data flow analysis is suppobedhe
transition rule which defines the sequencing of data
exchange. This approach uses the WSML Reasoner to
evaluate the transition rules before sending oetoe the
stored instances.

However, this approach provides insufficient
discussion on how choreography parser which matittees
state signatures and the WSML Reasoner evaluages th
transition rule that works together. Secondly, I#oanot
utilizing the WGMediatoror WWMediatorcomponents as
explained in the WSMO concepts. Thirdly, it only
provides steps to resolve process mismatches precifie
scenario but not for the general algorithm as tw lioe
process mediator could perform the transformatiased
on the state signatures.

B. Process mediation algorithm in SWS Challenge
WSMO Framework has also extended to resolve the
mediation scenario in the SWS challenge [13]. lis th
approach, the message interactions are evaluaied us
both the transition rules and the data flow tha¢ ar
extracted from the choreography interface. Two irtgu

effect set.

web services.

from effects set.

the data set.

both memories.

Memory

1. Allthe actions in the
transition rule added into

3. Deletes the remove () actions

4.  Theeach matched add(data)
action with received data
from the WS will be inserted

5. Datain the data set will be
mediated using data
mediation and added into

contributions of this approach have been extraictedder
to resolve the process mediation.

Firstly, it has defined four basic choreographyesul
that are derived from the WSDL operations. The WSDL
operations are classified into four patterns; ih-ouonly,
out-only, out-in based on the sequence of inpututput
messages of the operation. Secondly, this approach
provides a general algorithm that handles the
communication mismatches.

Generally, this algorithm collects all the datat theeds
to be exchanged between the Web Services andtbtore
into the memory. Firstly, it evaluates the trawsitiules in
each Web Services and stores required actionsasualld
and remove into the memory. At the same time, sb al
sends the input parameter in each web serviceatexisn
the choreography interface.

Secondly, it evaluates the action list in the megnaod
deletes the removed action and the corresponditg da
from the data list in the memory. It then checles dltput
symbols at each web service. The output symbotsattea
equivalent to the messages in the add action véll b
inserted into data list in the memory and removes t
corresponding add action from the action list. This
algorithm ensures that the each web service memory
contains the expected incoming messages. Finalballs
the data mediation to mediate the data in both Béslvice
memories.

I State Signature |

2.  Input symbols are send to

I Transition Rules |

Web
Service

(ws2)

|A2 Effect Set

D2 Data Set

M2 Memory

Figure3. Process Mediation in SWS Challel

Figure 3 illustrates how the algorithm inserts the
mediated data into the memory of the Web Serviesgd
on the choreography interface. This algorithm has
addressed all mismatch patterns [7] except for nbe
generating messages. It allows message orderingtaps
unexpected messages. The message merging andgspliti
is handled by the data mediation. This approach has
provided a clear view on how the transition rules #e
state signatures can be evaluated using an algotich

Copyright (c) IARIA, 2011.  ISBN: 978-1-61208-152-6

generate the process mediation steps. Generallg, th
process mediation technique is similar to spacescas
process mediator (SPM) [14] approach. It has pexVid
memory space to the each web service to handldatse
flow which is supported by the choreography traosit
rules. It does not specify the usage of the WSMdiater
components such as thNéGMediatoror WWMediatorin

the process mediation algorithm. Moreover, abitifythe
algorithm in handling complex mismatches or comtiama
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of more than are also

underspecified.

one mismatch patterns

C. Process mediator as goal in IRS-II

The main aim of Internet Reasoning Services (IRS) i
to provide automated or semi-automated solutionghe
semantically enhanced system over web. After few
evolution of IRS, the IRS-IIl [15] has incorporatéd
existing framework which uses OCML, the ontology
representation language with the WSMO core elements
which are the goal, the web service and the mediatos
combination has produced a semantic broker-based
approach that is able to mediate between the resusasd
the Web Services provider.

In IRS-Ill, the mediation task is resolved by the
mediation handler component. This handler consistse
goal, the data and the process mediator. Theseatoesi
serve as a bridge between the semantic descrigticim as
the GG-Mediator, WW-Mediator, WG-Mediator and OO-
Mediator with the other IRS components. The process
mediator in this approach uses the GG and WW nadiat
to resolve four types of mismatches; a) not matched
input/output, b) wrong order of input/output, c¢)
output/input that needs to be split, and d) ouipptt that
needs to be concatenated.

The process mediation in IRS-IIl is also closelated
to the choreography and orchestration based service
interactions. It also adopts ASM that containsestand
transition rules to represent the interaction betw¢he
service provider and the requestor. However, isube
forward-chaining-rule engine to execute the service
interactions. In addition to the transition rulegis
approach has defined choreography primitives tdrobn
the conversation between the IRS-11l and Web Sesvic

Differing from WSMO/X approach, IRS-IIl does not
load choreography interface of both goals of tlgiestor
and web service provider. The IRS-IIl only evalsatiee
choreography interaction from the requester’'s pEnthpe.
Below are issues on process mediation in this agbr.o

. It has declares the mediators as goal which ean b
invoked as the mediation services. However, detaile
explanation on how this mediation goal can be disced
and selected is based on the underspecified
communication mismatches.

. The generation of the WW and GG Mediators
supports the process mediator component is noiftguec

. As for the other approaches, it also does not
provide detailed description on reasoning mechanised
during evaluation on the transition rules.

D. Space based process mediation in Triple Space
Computing
Apart from IRS-lll, WSMO framework has also
collaborated with Triple Space Computing (TSC) rodth
to generate process mediation in the Semantic Web
Services environment. TCS uses the Space-basedsBroc
Mediator (SPM) [14] approach to handle the
communication mismatches between the service remues
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and provider. The SPM method evaluates the data flo
between the services using the data space. laaBkyses
the choreography rules that describe which datdodo
exchanged according to guarded rules through theaio
flow analysis.

TCS adopts the SPM method and provides a virtual
data space, which is divided into the requestor and
provider subspace. Generally, the TCS plays a revdalie
role between the requestor and provider, wherebthal
sending and requesting messages take place thtbegh
TCS. It also handles process mediation by redirggti
transforming, stopping the data stored in the mhewviand
requestor’'s sub space. The main feature of the TCS
framework that supports the process mediation & th
backend storage that provides shared virtual dpsees
and the storage management mechanism that is @able t
store the history of interaction, monitor the iatgtion and
resume interactions from point of failure.

In this approach [16], it has been described asote
the five resolvable message mismatches (as stated i
WSMO) can be overcome by storing and transformiag v
the TCS virtual data space. However, the implentiemta
of the actual WSMO concepts such as the goal, thie w
service, the mediator and the ontology in the TCS
framework are underspecified.

IV. DISCUSSION

The main aim of this paper is to identify the imjaoit
component of process mediation based on the egistin
approaches that are related to the WSMO framewdré.
existing techniques can be discussed by two main
perspectives; namely, identification of the misrhak
and generation of the process mediator.

Firstly, for the identification of the communicatio
mismatches, all the approaches are uses data @nalys
together with process flow analysis. The data flesw
analyzed by comparing the expected messages oba we
service with the actual incoming messages and mggo
messages with the expected messages in the webeserv
of the recipient.

Generally, the data flow analysis techniques are
supported by the transition rules which describe tioe
Web Services interact with each other. However the
detailed description of the reasoning mechanism itha
applied and the usage of ontology during the amalys
the transition rules are not available. In [13],tada
mediation is presented after identifying the ddtat tis
needed to be stored in the repository based on the
choreography analysis in individual web services.

All these approaches however do not identify tive fi
process mismatches specified in [3] according te th
mismatch patterns. They only ensure that these
mismatches are addressed in the approaches. QGgnaral
structured analysis on the data flow analysis whih
supported by transition rules is still regardedaasopen
issue in order to address solution for generic ggsc
mediation.
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Secondly, the techniques analyzed are involved in
resolving the communication mismatches and thatge®
mediators can be presented as web services [11, 12]
algorithms [13], goals [17] and as virtual datacspEL6].
However, location, invocation and management issdfies
these process mediator solutions are also undéfigpec
The WGMediator and WWMediator elements that are
related to the process mediation as stated in WSMO
framework are not discussed in the actual impleatant
except for [17]. Figure 4 summarizes the opendssn
semantic process mediation in the WSMO framework.

Form of mediator (how to use
and when to use)

Mismatch identification

Structured analysis on
choreography interface

Reasoning mechanism on the
transition rule

Management of internal
repository

Support for more than one
mismatch patterns

Usage of ontology that brings
meaning to the transition rules

)

Figure 4. Open Issues in Process Mediation
V. CONCLUSION

For this paper, the important elements of the @®ce
mediation in the Semantic Web Services are basdtieon
analysis of the approaches that are been collazbraith
the WSMO framework. WSMO components that
specifically support process mediation are disalis§his
followed by the process mediation approaches that a
related to the WSMO framework. Based on the anglysi
the similarities and difference between each tepaiof
process mediation is identified and the common etdm
that support process mediation have been extrdoted
reviewed literature for this paper. The findingseal that
these elements can be extended to support the atitom
communication mismatches in the generic Web Sesvice
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