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Abstract: In order to fully realize semantic interoperability among distributed and heterogeneous applications on

the web, a set of effective interoperability mechanisms is presented. This mechanism adopts service interactive

interfaces ( SII) and service aggregative interfaces ( SAI) modeled with abstract state machine ( ASM) to

abstractly describe the behavior of the invoked web service instances, which makes business processing

accurately specify tasks and effectively solves the problems of communication and collaboration between service

providers and service requesters. The mechanism also uses appropriate mediators to solve the problems of

information and communication incompatibility during the course of service interaction, which is convenient for

service interoperability, sharing and integration. The mechanism’s working principle and interoperability

implementation are illustrated by a use case in detail.
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The
(SSOA) fusing semantic web and web services is a

semantic  service-oriented architecture
new-style software architecture. It is convenient for
computers either to understand services or implement
high level operations, e. g. , intelligent reasoning. In or-
der to really achieve this goal, the SSOA needs ad-
vanced semantic interoperability, however, the current
interactive model of interoperability is far from satis-
factory.

At present, the typically interactive model includes
BPEL4WS!" and WS-CDL"'. The former distinguishes
between two ways of describing the business proces-
ses: executable business processes and abstract business
processes. These processes use a messages mechanism
to exchange the behaviors of a partner role in an inter-
action. The latter defines a non-executable message ex-
change between partners in web services collaboration.
The main defect of the above two models is the failure
to explicitly specify the internal behaviors of partners.
It is difficult for the system to accurately designate
tasks. At the same time, it obstructs the implementation
of services composition and the reuse of business pro-
cessing pattern. Their capacities for interoperability are
no doubt limited.

In semantic web services (SWS) "', service inter-
faces are understood as decompositions of a service ca-
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pability that describes how the service functionality can
be consumed and how it is achieved. W3C firstly
presents the notions of choreography and orchestra-
tion'*! that are regarded as a common basis for descri-
bing the dynamics of web services usage and web serv-
ices interactions, respectively. The choreography part
concerns the interactions of services with their users.
Any user of a web service, automated or otherwise, is a
client of that service. For the convenience of illustra-
tion, we entitle this type of interface as a service inter-
active interface ( SII). The orchestration part defines
the sequences and conditions in which one web service
invokes other web services to implement some useful
function. That is, an orchestration is the pattern of in-
teractions that a web service must follow to achieve its
goal. For the convenience of illustration, we entitle this
type of interface as a service aggregative interface
(SAI). SIT and SAI effectively overcome technological
defects of previous models, and they conform to the
requirement of complex business processes in SWS.

In the SSOA, the key problem of SWS interface is
how to accurately describe interfaces and use SWS
technology to automatically process them. On the basis
of the concepts of SII and SAI, we adopt a state-based
mechanism—abstract state machine ( ASM)"' to ab-
stractly describe the internal behavior of the service
with respect to an invocation instance of a service. We
have chosen an abstract machine model for the descrip-
tion of this interface since such a service invocation
may consist of a number of interaction steps where
these possible interactions can be abstractly described
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by a abstract state machine. We also need to set up a
strict measures to control and manage the initialization
and state transition of ASM. By controlling and manag-
ing the ASM model, we can easily implement the auto-
matic processing of the interface. Furthermore, the
SSOA model emphasizes semantic mediation and de-
coupling of web services, so we should design media-
tors with comprehensive functionalities to resolve het-
erogeneous problems which naturally result from an
open environment.

1 ASM Model

ASM, formerly known as evolving algebras'®,
provides a means to describe the system in a precise
manner using a semantically well founded mathemati-
cal notation. The core principles are the definition of
ground models and the design of systems by refine-
ments. Ground models define the requirements and op-
erations of the system expressed in a mathematical
form. Refinements allow for the expression of the clas-
sical divide-and-conquer methodology for system de-
sign in a precise notation which can be used for ab-
straction, validation and verification of the system at a
given stage in the development process.

The ASM-based model provides the formal basis
for specifying ontology data interchange within service
interfaces. In accordance with the requirements of the
service interface, the model consists of three notions
that we formalize in the following definitions:

(D A vocabulary (2 that defines the information
space of a service interface on the basis of the ontolo-
gies. It is defined as an ontological schema of the infor-
mation interchanged in a service interface by denoting
the used concepts, relations, and functions of the ontol-
ogies. The communicative usage of this ontological
schema information is indicated by sub-information
spaces for ontologies instances: (2, denotes the infor-
mation received by the service interface, (2, denotes
the information that is provided by the service inter-
face, £),,.q denotes the information both received and

provided by the service interface, (2, ;. denotes the on-

static

tology notions that cannot be changed by the service
interface, and (2

‘controlled

denotes those that can only be
changed by the service.

(2 States w({2) that denote a status of the infor-
mation space within the dynamics of a service interface
that is defined by the attribute values of the ontology
instances of (2. A state denotes a stable status within
the dynamics of a service interface that is existent as
long as the attribute values of instances are not

changed.

(3 Transitions rules (TR) that specify the dynam-
ics of a service interface. The general structure of TR
is: IF the condition is satisfied THEN the state will be
updated, the condition reflects changes in (2, while the
update part defines the changes to the information per-
formed in the transition to the subsequent state w’. At a
state change from w to w’, all TR are executed when
the condition is satisfied.

We use ASM to model the services interface of
SWS, on the basis of which, we can easily implement
interaction and collaboration of services. The obvious
advantages of the method are as follows: () To provide
representation means for the dynamics of the informa-
tion interchange that takes place when a service is used
and interacts with other services; (2) To support ontolo-
gies as the underlying data models along with an ap-
propriate communication technology for information
interchange; and (3) To rely on a sound formal model
that defines the semantics of service interfaces to allow
operations on them.

2 SII Model

We have addressed that the SII deals with interac-
tions of the web service from the client’s perspective.
We use ASM to describe the behaviors of the web
service.

2.1 Basic description of SII

We denote a single service interface as ci(S).
From a global perspective, the communicative interac-
tion process of several web services and clients via
their respective ci (S) is entitled service processing
which is denoted as

C((S)), ..., (S,)) =interaction(ci(S,), ..., ci(S,))

Convenient for web services processes and inter-
action with the client, we should present external visi-
ble behavior, protocol and semantic representation
which are required in the interactive process. We define
£, as the ontological information space of the SII,
and the transitions rules TR for defining the com-
munication protocol expected for client service interac-
tions along with the ontological information inter-
changed. The external visible behavior is implicitly de-
fined by the states w, ({2, ) —w, (L2, ) that can be
reached by respective TR ;5 . Thus, we can define the
interaction of service interface from a global perspec-
tive: £ s, . (s, defines the ontological information
space used for interaction, TRy, (s, defines the
communication protocol and semantics of the informa-
tion interchanged, and the states of the business process
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are defined implicitly as above.
2.2 Compatibility of SII

In order to truly implement interoperability, we
should consider the problem of capability. This means
that given ci(S,), ..., ci(S,) for web services S|, S,,
..., S, that shall interoperate, each ci(S) is considered
as static (i. e. not changeable with respect to the web
services functionality). We have to determine whether
there exists a global SII which regards C((S,), ...,
(S,)) =interaction(ci(S,), ..., ci(S,)) as a valid inter-
action protocol for the web services. Convenient to dis-
cuss SII, we denote service compatibility ( SC) as
SC((S)), ..., (S,)).

To determine this, we need to prove that there ex-
ists a C((S,), ..., (S,)) for which the following holds:
(D The service interface descriptions need to use homo-
geneous ontologies; (2) The information interchanged
(i. e. the content of communicative acts) needs to be
compatible. We refer to this as information compatibil-
ity, denoted as SC
protocol of the SII has to be sound, meaning that it has

o (C); and 3 The communication
at least one start state and can reach a termination state
without any additional input. We refer to this as com-
(0).

We can determine information compatibility on

munication compatibility, denoted as SC_,..
the basis of vocabulary definitions in the SII. Consider-
ing this for two web services, information compatibility
is obtained if all information required as input by S, is
output of S, and vice versa. The following gives the
formal definition for information compatibility:

SCora (D)4 (8))(8,(02,) =

§,(020,0) V (S, (€2,) =5,(£2,)) (D
SCio(O)«=V S, e C, 15, e C(SC,,,((S,). (S,)))
(2)

For communication compatibility, we should first-
ly consider the following problems: (1) There is an ini-
tial state @ for C((S,), (S,)) that is compatible with

ci(S,) and ci(S,); @ The second one is compatibility
of TR in each state w (C((S,), (S,))). In a state
w, (ci(S,)), given IF-part of all TR, there exists a TR
whose THEN-part fulfils equivalently subsequent state,
w,(ci(S,)), or vice versa; and @) For C((S,), (S,))
should exist a correct termination state, i. ., there is
no such TR which makes w (C((S,), (S,))) transform
into w, (ci(S,)) or w, (ci(S,)). We define communi-
cation compatibility as follows:
SComm(CO)«=V S, eC, 35, e C(¢(S,,S,) A
TR, ., (S S,) Aw,(S,,S))) (3)
d)(Sl’ Sz)‘*d)(sl) :d)(Sz) /\TRd)((Sl)a (Sz)) 4)
TR, (S, S,)«—a e lf(T (S,)) Nbe
Then(T,,(S,)) ASCpy(a, b) (5)
w,(8,,8,) <= ATR(w,) Aw,(S,) =w,(S,) (6)
On this basis, the service compatibility is deter-
mined with information compatibility and communica-
tion compatibility.
2.3 Mediating the Compatibility
In the SSOA, there are two types of mediators: (1)
Data mediator (DM): it mediates data heterogeneity
that may occur in service interaction. It is an ontology-
to-ontology mediator (ooMediator). (2) Processing me-
diator (PM): it analyzes two consuming instances at
running time, and mediates possible mismatching. It in-
cludes goal-to-goal mediator ( ggMediator), webSer-
vice-to-goal mediator ( wgMediator), webService-to-
webService mediator ( wwMediator). In the course of
service interaction, the central functionalities of media-
tors include: () Providing a homogeneous information
space for an SII by solving terminological mismatches
between the interfaces of participating web services; 2)
Handling missing information with regard to informa-
tion compatibility; (@) Establishing a communication
compatibility if this is not given in advance. Processing
incompatibility with mediators is shown in Fig. 1.

[ Repository ] [Data medjation]

Processing mediator
[Interface parse] [Internal repositmy] [WSML reasoner]
A A A
Use Use
Refer to
Check mode )— Save Evaluate TR

Fig.1 Using PM to process compatibility

The PM includes three parts: interface parser,
WSML!"' reasoner and internal repository.

The SII parser has the role of determining if any
instance obtained after the data mediation process is
expected by the targeted partner. It performs the fol-
lowing operations: (1) Determining the owner of a cer-

tain instance, and (2) Determining the value of the
mode attribute for the owner. If the value is set to in
or shared, the instance will be stored in the internal re-
pository for further usage.

The internal repository is used for storing informa-
tion that will be sent to one of the partners at some
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point in time. It offers the methods of storing, retrie-
ving, deleting and updating information.

The WSML reasoner is the most complex compo-
nent of the PM. Its task is to extract one by one the in-
stances from the repository, and to check if by sending
that instance at least one condition of one transition
rule can be fulfilled.

3 SAI Model

It is envisioned that the SAI should make use of
the ASM model to describe the interactions between
web services and goals. In order to link to externally
called services or (sub) goals that the service needs to
invoke to fulfill its capability, we need to extend the
SII as follows: (1) Respective goals or services are exe-
cuted in parallel to other rules in SAI; (2) The state sig-
nature defined in the SII can be reused; 3) The state
signature for SAI can extend the state signature of SII
with in/out/shared/ controlled
which need to be tied to the used services and rules by

additional concepts
mediators; 4) Respective wwMediator or wgMediator
need to be in place to map the in and out concepts de-
fined in SAI to the respective out and in concepts of
the SII in the used services and service templates.

The SAI defines a decomposition of the capability
of web services and how these subtasks can be a-
chieved by using other web services. Thereby, only
those subtasks of a web service functionality are de-
fined in SAI(S) that are realized by aggregating other
web services.

An SAI(S) =aggregation((S,), ..., (S,)) defines
the control and data flow for aggregating web services
(S8;), ..., (§,) so that the functionality of § is
achieved; thereby, S consumes the aggregated web
services via their respective SII ci(S,), ..., ci(S,). We
assume that a specific functionality required in a state
wga (S) may only be a part of the functionality provid-

ed by an aggregated service. Hence, we introduce the
concept of an operation for describing the interaction
between services for consuming partial functionalities
within an SAI. An operation op ( service, update) de-
notes the interacting services and the communicative
activities performed. Thus, an SAI description consists
of the vocabulary (X,;(S) that denotes the information
space of the SAI from the perspective of the orchestra-
ting web service S, transition rules TRy, (S) of the
form “If condition (wg, (S)) then op ( starget, up-
date)”, and the states w, (SAI(S)) that can be reached
by TR, (S).

4 A Use Case

We have illustrated SII, SAI and appropriate me-
diation measures which provide a comprehensive inter-
operability mechanism. In order to testify its feasibility
and practicability, we design a use case of the SSOA
model, i.e., online healthy consultation system
(OHCS). The system is a typical usage scenario that
provides the consulter (Co) with access to the advice
services offered by specialists organized in the commu-
nity of services (CoS). This access must be enabled on
demand and it must allow the Co to select a CoS to ar-
range the meeting. The selection criteria depends: (1)
On the correspondence between the problem the Co is
looking for advice and the topics each CoS can offer
advice on; (2) On the matching between the Co’s date-
time preferences and the nominal availability of each
CoS, the mediators of OHCS can mediate their mis-
matching. In order to facilitate the understanding of this
scenario, in Fig. 2, we show a semantic discovery en-
gine surrounded by a set of CoS and a client GUI. Each
CoS exposes the functionality of arranging a meeting as
a web service. The process that enables a Co to arrange
a meeting with the most suitable CoS can be broken

down in the following tasks:

Goal

Time: Feb 12th, 2006 or
Feb 13th, 2006

Consulting question:

heart disease

o

IF5] CoS 1

© Consultant

{#3| CoS3 { Candidate servides Goal-‘ /// .
D SWSD | - "
L OHCS 1 X
WSDL-S
N << Mediators o

SWS SWSD 5 r By

N\ -
NS |- |Ontology| - M
NG [repository] 4
& Sending WSML

S~ -

Fig.2 The working principle of OHCS
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(D The CoS provider and requester entities agree
on the ontologies to use for modeling pathologies,
drugs, advice services, date-time, etc. ;

(@ If they cannot agree on the use of a specific set
of common ontologies, the definition of ooMediators
isrequired. In this scenario, for instance, the CoS pro-
viders (Seoul time) and the requester (Beijing time)
entities cannot agree on the use of a common date-time
ontology;

(3 Each CoS provider entity can register its web
service descriptions into a semantic discovery engine.
These descriptions include the medical issues the CoS
deals with and the date—time intervals that the CoS is
normally available;

@ A Co can discover the most suitable CoS by
using a GUI. He/she may express his/her goal in
terms of the available ontologies. For instance the Co
asks for advice on a healthy consultation meeting on
Feb 12th, 2006, or Feb 13th, 2006 (Beijing time);

(5 The Co’s goal is submitted to the semantic dis-
covery engine;

(6 With the aid of SII and SAI, the semantic dis-
covery engine finds candidate services according to
Co’s goal among available semantic web services de-
scription (SWSD). During interaction processing, me-
diators are used to mediate possible mismatching
(e. g., processing the difference between Seoul time
and Beijing time);

(D) The requester entity displays the results list to
the Co;

The Co interactively selects an optimal CoS
and uses a GUI provided by each CoS provider to in-
voke the service and book the meeting.

5 Conclusion

Really implementing semantic interoperability in

SWS is convenient for connecting heterogeneous and
distributed services providers and services requesters to
fulfill complex business processes. Being compliant
with the SSOA model, considering technological de-
fects of previous models, we present a new set of inter-
operability mechanisms. By using ASM to model serv-
ice interfaces and mediators to process four type of se-
mantic heterogeneities, the mechanism not only effi-
ciently resolves the problems of discovery and commu-
nication of services, but also is available for composi-
tion of services and semantic-based dynamic binding
and execution.
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