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ServiceProfile fataudasARIRTIUTIY subclass 'ﬂaoﬂmﬁﬁu‘lﬁ'f 1 (Profite, subClassOf, ServiceProfile)
dmulawn e-Leaming LUAIAAIE Academic_LeamingCenterService Ll subclass wesama Profile 7
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5.1 anwdaudennlwiBeanumansvastayauinisdmiulaun e-Learning

'luﬁﬁai{a:ua@oﬁmshwaamwmﬁ'ﬂuﬁaﬁmaaﬁaa&au“%msmnQ’lﬁ’u‘ﬁn‘:maumdaﬁmmmtﬁﬂuﬁ'u
sruy LIS léun dl¥inisen Lms1 uaz diiuinmsan Lms2 %aLLG’;azpﬂﬁﬁmsﬁﬁmﬂﬁ’u‘%msﬁmﬁauﬁu
a'wflm'sijs:mﬂﬂ'agau‘%n"rsmaa@mwa B Foudnns %aua:ﬁa%‘iﬁﬁms ua:ﬁ‘nu.miaﬁar&maawnms WSDL
%etﬂuﬁ“wu,miwaaé’au“%msﬁuﬁgna%’na;ui'luﬁu‘lfﬁ@fmawu %aé’:}amoi{agau%ms'ﬁ'ﬂs:mﬂagﬁmanma‘
WSDL “11am@ia:ﬁa:umaayﬂummaﬁ 5.1 dadaluil

lﬂ‘ L [ L L) A ﬁl v s
@A1519N 5.1 uﬁmm1amwawﬂgammsmnr&'lmmmsnumnmonu

LMS1: Web Service descriptions in WSDL file
Operation: GetDesiredCourseDetails_Operation

Inputs Type Qutputs . Type
CourseCategory |String | CourseTitle String
CourseTitle String | CourseFileType String

CourseKeyword |String [ CourseFileSize  [Positivelnteger

CourseFileType |String | CourseDescription String

CourseExpense Decimal

Operation: RequestSubject Operation

Inputs. Type |  OQutputs |  Type
SubjectCategory Stfing SubjectTitle String
SubjectKeyword | String |SubjectFileType String
SubjectFileType |String [SubjectFileSize String

SubjectDescription String
SubjectCost Integer

L P = L = oo P 2 b -
nndayaluamed 5.1 ssurasdedaysuimynagdlininsi 1 (Ms1) Adsznaudaswseaniola

bl A -‘l‘:‘ L 3 L c} bl L .
1oL774 GelDesiredCourseDetalis_Operation Fudluwseandasnitwrndiasiddrada ldud
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CourseCategory, CourseTitle, CourseKeyword, W& CourseFileType ugziiwisiiimafihaandiddldun
CourseTitle, CourseFileType, CourseFileSize, CourseDescription, Uaz CourseExpense i‘rm%'m&'lﬁ'u?mﬁﬁ 2
wio iMs2  e:dlauarsdyu RequestSubject Operation Nusznaudrnnisfiieasuindisudrldus
SubjectCategory, Subjecteyword, Uz SubjectFileType uariiwisifiimsfilvaniiarldun SubjectTitle,
SubjectFileType, SubjectFileSize, SubjectDescription, uaz SubjectCost Tetayauinmsannamesglduiasil
ssttlgarwdaudsiurasdoyariniawdsaamdaniu dszimun leur anutaufiiusasimiitaein
1ﬁaﬁutﬁaLwiazﬁjl’lﬁu'%msﬁmﬂm"%awwlﬂm afAuandnatum gdunamdaa mdondyu 1w mmdiaes
WitrdaCourseCategory 970 LMS1 uazwasidiiaaiingi SubjectCategory 20 LMS2 Twwasfimasai
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B29u 1n wirfiaafidnean CourseFileSize 30 LMS1  axliszinndoyaiiln “Positivelnteger”  uaz
SubjectFileSize 910 LMS2 :fiussinndayaidly “String” " qﬁﬁagsmn’m:nﬁma%ﬁaaaa%zlﬂuﬁ'agwmm
THndaniu anudaudaissianfiawldud AMuTaLgITuYaIni g Tadoya ﬁtﬁ@%mﬁa‘z‘fagamn
w'mﬁw.as'ﬁ'?%ww*\nﬁm?n’mfmudazumﬁﬁmmi’m"agaﬁumn@haﬁ'uﬂza qﬁtﬂu‘;‘:’agauumﬁmﬁu iu
wimniilmahiliasn CourseExpense 3711 LMS1 sxlindagiadayaiilu “EUR" ua: SubjectCost 91 LMS2 axil
wihiwdadeyain «Usp” udu draduanaudandeiuuasdoysvinisiaduazgnldiiud atnalunng
panuuuaImMEmMIUaILImaiudzurasluidadaly

4. oA o =3 A
5.2 ATEBNLULINATAIAEMSBAIUINIsILLRAngwassaaninlad

Watonas WSDL raaflduimisldgnussmalilaoduniessuy LIS wnis wsoL szgnudalasrinu
lugamsuladayauims "Ew:ﬁﬂn"m%aaﬂalo'ﬁ'agau‘%n'ﬁma glwanans WsOL 1iu fmarsen Favwiniiee’
nduazean Wagluguuuuy adeaeFMiLAN A MRSz nauds i s navi ey EnuEIu
1éun service profile, service model WA service grounding ﬁaf‘.l:‘lugﬂu.uumm owL-s dslassaFronas
Lummﬁﬁmﬁ%'ué’au‘%msﬁmfa:e‘faagjuwﬁrug'mmsaanuuuﬁ‘l@'\'nmﬂ*i’ué'ﬂwﬂﬁ 4 Swivsidnilazures
#0ENT0IBULERUT service profle S1uInEBIBURNANFNTITaTn Profile_LMS1_LeamingCenterService uas
Profite_LMS2_LearningCenterService %atﬂuﬁuaumna’maqﬂmﬁ Academic_LeamingCenterService AILFAI LI
Nl 5.1 udise service profile Buuaud srastadaulsstumirfme fumandmidwamime it
wazwrndaaiiasnleuiun1agmantd hasinput  wez hasOutput ﬁgnﬁuwlﬁtﬂuﬂmﬂuﬁgn (sub-
property)  ¥BINMENL hasParameter Bnfl A1ah31tu W1 1TieeTBuGLAUE CourseTitie_OUT  uax
CourseExpense_OUT Lﬂu_ﬁnﬂﬂma‘?ﬁuﬁumua:maanﬁi‘smfﬂs:mﬂwﬁma;‘ﬂu service profle 4@
Profile_LMS1_LeamingCenterSenvice Faasaswimiiaafieniiudususuduninas Output Saaziinsiay
AMNFUARENY Profile_LMS1_LeamingCenterService laznun19amau1i@ hasOutput TuanTft 5.2 asusaq
#otivesngfildinanufowpsanqufidainanilwmd 4

37



ot o ' 4 P
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(Profile, hasParameler, Parameter}
(haslnput, subFropenyOf, hasParameter)
(hasOutput, subPropertyCf, hasParameter)

(Profile, hasinput, Parameter)

(Profile, hasOulput, Parameter)

{Input, subClassOf, Parameter)

(Output, subClassOf, Parameter)

(Profile, hasinput, Input)
{Profile, hasQutput, Oufput)

(Academic_LeamingCenterService, subClassOf, Profile)

(Academic_LearningCenterService,
hasinput, Input)

{Academic_LearningCenterService, hasQuiput, Outpul)

{Profile ' MS1_LeamingCenterService, type,
Academic_LearningCenterService)
{CourseTille _OUT, type, Output)
(CourseExpense_QUT, type, Output)

| (Profile_LMS81_LearningCenterService, hasQuiput,
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Abstract

The increasing demand for interoperability existing
heterogeneous  e-learning  systems lo  support
accessibility, reusability, and adaptability has always
been one of the most challenging researches. A
number of research efforts have been proposed to
address this problem, ranging from development of a
SCORM conformant courseware io Web services-
based e-learning systems. This paper proposes a
reference architecture for interoperating the existing
e-learning system with the help of Web services and a
metadata-UDDI model.  The proposed metadata-
UDDI model is designed as a core component of the
architecrure and provided the service information for
generating the lightweight communication protocols
between heterogeneous e-learning platforms. As a
consequence, the semantic service helerogensity is
eliminated. An XML-based data model is employed to
manipulate and express the metadata-UDDI contents.
The inherent flexibility of XML technology permits
system-wide Interoperability suitable for a Web-based
environment.

1. Introduction -

Curently, the educational system has been evolved
into electronic learning {or e-learning) that enriches the
traditional learning system by providing the
autonomous learning for learners and allowing learner
to learn anywhere and anytime. The e-learning system
also provides a means to deliver skills and knowledge
to the learner through the Leaming Management

lchidcha@chula.ac.th,

Peraphon.S@chula.ac.th

System (or LMS) bringing the learning system toward
the student-center learning. With the greater benefits
and growing acceptance of e-leaming, most
educational institutions develop e-learning systems
according to their own requirements. Therefore, the
heterogeneous e-leaming platforms have been emerged
that lead 1o lacking of flexibility, interoperability, and
reusability. A lot of learning resources have been
developed with redundancy and high cost investment.

Until recently there has been a significant effort to
set up a unit of learning into Learning Object (LOQ) [1,
2] based on Sharable Content Object Reference Model
(SCORM) (3, 4]. The objective of LO is to define a
standard and appropriate description {or metadata) for
LO in which LOs created from multiple sources can be
easily discovered and reused. In order to suppost
exchangeability and reusability of LO between
different LMSs and flexibility to plug LO into a
content package [5, 6], learning object should exhibit
three properties, which are, cohesive, decoupled and
context-free [7].

However, describing a course through SCORM
needs reconstruction of the course almost from the
beginning or finding a mechanism to map existing
resources to SCORM content model components [8].
Hence, the SCORM conformant courseware will take
more time and cost in developing processes. Beside, it
is rather difficult to discover the relevant LOs which
have been developed by different authors to be
plugged into the courseware.

This research proposed a reference architecture for
interoperating the existing e-learning systems. With
the emergence of a promising Web services

L]
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technology [9, 10], Web services are defined as the
open standards that provide a flexible solution for
integrating the heterogencous applications and
enabling the dynamic interoperability between
different systems. The salient characteristics of Web
Services render themselves aftractive to  be
incorporated as an assistant mechanism for e-learning
interoperability. The proposed reference architecture
is designed specifically to enable content authors,
instructors, learners and administrators operating in
different organizations to discover and invoke services
dispersed over heterogeneous systems, as well as
management learning information, such as, LOs, and
leamning courses {e.g., HTML, documents, JPEC, GIF,
etc.).  The architecture incorporates the metadata-
UDDI as a central directory for services registration
and services discovery. In order t¢ solve the semantic
conflicts of service names provided by heterogeneous
service providers, the metadata-UDDI also serves as a
repository to store service data descriptions. These
service data descriptions are subsequently used for
automatic generating SOAP [11} messages facilitating
communication between applications.

In osder 1 support system-wide interoperability
suitable for a Web-based environment, we choose
XML as the language for expressing the metadata-
UDDBI contents, as well as providing flexibility and
scalability in building and manipulating the service
data descriptions.

The remainder of the paper is structured as follows.
Section 2 describes closely related works. Section 3
furnishes an overview and details of reference
architecture components. Section 4 presents the
structural design of the XML-based metadata-UDDI
which is a core component of the architecture. These
include XML-DTD and a valid XML document
structure. Section 5 concludes the paper and suggests
further research extension.

2, Related Work

The interoperating of existing e-Learning systems is
a challenging research ‘area. Recent research
endeavers  furnish npumerous approaches and
methodelogies for exchanging learning data between
e-learning systems. .

For example, the research of {8] proposed a generic
architecture to support exporting and importing the
SCORM 1.2 Content Packages called Package
Interchange Files (PIF) between relational databases of
the preexistent e-iearning platform. The core
component of the architecture is middleware tier
responsible for finding all learning resources to be

stored as SCO’s and Assets in the Content Package, as -

-

well as mapping and transforming between relational
database schemas and SCORM XML Schemas.

The research of [12} proposed an architecture called
LearnServe by applying the Web service paradigm to
e-leamning such that the learning objects can be
exchanged and maintained between e-learning
systems. The entire functionality of an e-learning
system is decomposed into groups of activities which
can be implemented as a variety of services. In order
to support exchangeability and reusability feamning
contents, all LOs, classes, and courses that are stored
on different servers need to be registered in a central
repository together with meta-information. The Web
service can be employed to read the metadata and store
the information in the database provided by the
repository. Hence, users can transfer the dynamic call
of Web services to the call of learning contents.

The research of [13] proposed a Web services
oriented framework for e-leamning systems aimiog to
facilitate the discovery of leamning components and
applications and the loosely connection. The
framework enables different LMSs to interact with
each other and share their services via the Web service
interface. Service providers can publish their leaming
services in the UDDI [14] that can be discovered by
other service requester. The framework atso provides
a single sign on process for learners in accessing
courses from one institution to another.

Although, a nimber of researches aim to propose the
architectures or frameworks to interoperate existing e-
learning systems such that the learning contents can be
exchanged and reused, none of these approaches
emphasize on solving semantic conflicts of the service
names provided by different service providers.

3. Reference Architecture

In this section the proposed reference architecture
for interoperating the existing e-learning systems is
depicted in Figure 1. The architecture consists of
multiple tiers, namely, web client components,
learning services integration center, metadata-UDDI,
and leamning service providers, as described below:

(1) Web Client Componeats consist of leamers,
and content authors (i.e., teachers and instructional
designers) whose serve as the leaming service
requesters. The web client components communicate
with learning service integration center in a Web-based
environment, This tier provides location transparency
to users for maximal flexibility. The users can search
requests without any priori knowledge of local sources
or remote sources to be accessed through Web
services.
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Figure 1. A reference architecture for interoperating the existing e-learning systems.

is registered in the metadata-UDDI directory that are
subsequently discovered and invoked according to the
USCr requests.

(2.2) User registration service enables the new web
client components register to the Learning Service
Integration Center. The user registration service will
log the user information (e.g., username, password,
registry course, and learning status, etc.) into the user
profile. These user information are subsequently used
by content discovery service to decide the suitable
course or LO for each user during the learning session.

In order to provide the maximal flexibility and
loosely connection for users in accessing learning
resources from anywhere, the user profile information
can be exchanged with other user regisiration scrvices
of different learning service providers. This can be
achieved with the help of Web service technology.

(2.3) User profile updating service is responsible for
tracking of user activities and updating the user profile
during the learning process, such as, the registry
courses, completed courses, and Jeaming status.

(2.4) Content discovery service enables users to
search for the required learning courses and LOs.
Upon submission of a user query, the content
discovery service needs to scarch for the user
information in the user profile, as well as the
prerequisite courses such that the appropriate courses

Learners can search for learning courses by
specifying a part of course name or topic in the course
as a keyword for searching. Upon submission of a
learner query, the relevant learning courses that can be
arbitrarily distributed in  different LMSs will be
cansolidated and returned to the learner via the content
discovery service. On the other hand, the content
authors who need to create their courses from existing
L.Os can search for LOs and plug them into the course
so that the developing time could be shorten.

(2) Learning Service Integration Center is a local
SCORM compatible LMS and serves as a learning
service broker which obtains the user requests from
web client components and subsequently invokes the
corresponding services to serve the user requests. This
tier is made up of four pringiple services, namely, the
LMS registration, user registration, user profile
updating and content discovery services as deseribed
below:

(2.1y LMS registiration service enables other
learning service providers in different remote LMSs to
register their learning service information described by
Web Service Description Language (WSDL) {15],
such as, service creator, service names, service
methods, location of scrvice providers, and
input/output parameters, etc. This service information
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or LOs can be selected and provided 1o the users, In
addition, the content discovery service needs to search
for the comesponding service information from
metadata-UDDI, as well as initiate SOAP messages for
transmifting service request information to the target
leaming service providers. In the reverse direction, the
content discovery service collects and integrates the
SOAP response tesults obtained from each service
providers and subsequently forwards to the users,
where the presentation format is carried out at the
upper web client tier. Upon the presentation of list of
available leaming courses or LOs, the web clients can
register 10 a desired course }ocating on a distributed
LMS by cailing the learning registration service of the
corresponding LMS service provider. This can be
achieved with the help of service information in
metadata-UDDI designs. .

(3) Metadata-UDDI is designed and incorporated as
a core component of the middle tier in order o cope
with the service name conflicts provided by different
service providers. The metadata-UDDI contents are
systematically implemented by means of flexible XML
data model. As a consequence, the service information
from metadata will be wrapped into a SOAP message
such that the communication protocol between local
LMS and distributed service providers can be carried
out. In so doing, cross systems interoperability can be
achieved with the help of XML flexible metadata-
UDDI model. The details of metadata-UDDI contents
will be described in the next section.

{4) Learning Service Providers consist of existing
distributed LM Ss located at different educationat sites.
This tier- aims to provide various kinds of services,
such as, the user registration, user profile updating,
course registration, learming courses, learning objects,
and content discovery services. As such, the services
of user registration, user profile updating, and content
discovery provide the same responsibility as described
in the aforementioned leaming service integration
center. The rest of services are described below.

®  Learning registration service. Once the web
clients select a course or LO to be consumed, the
learning registration Service will log the user
information and learning course or LO information
into the registry information database. This
information will alse be used to updating the user

profile repository, as well as be transmitted to the .

learning course service (or leaming object service)
where the learaing information retrieval is carried out
and provided to the web client components.

® Learning course service 1§ responsible for
providing course information (e.g., course id, course
name, and prerequisites courses, eic) to the content

discovery service where the selection of suitable
courses for leamner is carried out. Once the leamer
decides to register for a course, the teamning course
service provides the selected leamming course
information (e.g., url or location of the learning course,
course description, etc.) for learner,

® [earning object service is responsible for
providing the leaming object information to the
content discovery service. Once the content author
selects and registers the desired LOs, the learning
object service provides the relevant LOs to content
author. As a consequent, these LOs will be plugged
into the new course to render greater reusability and
adaptability to the LO purpose. Searching for relevant
L.Os can be accomplished through the IEEE’s learning
object metadata (LOM) [16].

4. XML-based Metadata-UDDI

This section focuses on designing XML-based
metadata-UDDI in order to cope with the service name
conflicts provided by different service providers. Due
to the fact that each service provider designs and
creates their service information independently,
catering to the needs of their own requirements, it is
inevitable that the problem of semantic name conflicts
has been arisen. The metadata-UDDI is designed to be
a repository for storing the service data descriptions.
These service data descriptions are subsequently used
to generating SOAP requests/responses as the
communication messages between the heterogeneous
LMSs where interrogating process is initiated. As a
consequence, the metadata-UDDI design also provides
greater benefits to solving service name conflicts in
distributed environment,

The fact that a XML-based metadata-UDDI
consisting of XML-DTD incorporated with XML
documents makes it imperative for an XML document
needs to be validated by rules defined through XML-
DTD (document type definition) representing XML
data schematic description. The structural design of a
XML-DTD is set up as depicted in Figure 2 and the
example of a valid XML document conforming to
XML-DTD is depicted in Figure 3.

The XML-DTD structure in Figure 2 illustrates
elements and attributes for storing the service data
description. The element Metadata-UDDI starts as the
root element of a document and consists of two sub-
elements, that is, Metadata and UDDI elements. Each
of these elements can be described as follows:
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?xmi version="1.0" encoding="UTF-8"7> <?xml version="1.0" encoding="UTF-8"?>
<!ELEMENT Metadata-UDDI1 (Metadata, UDDI)y> <IDOCTYPE Metadata-UDDI] SYSTEM "Metadata-UDDLdd">
<{IELEMENT Metadata (searchBy+)> [<Metadaa-UDDI>
<!ELEMENT searchBy {service+)> <Metadata>
[<!ATTLIST searchBy name {subject_name | keyword) #REQUIRED> <searchBy name="subject_name">
<'ELEMENT service {(wsdlLocation, method, input, outputs, providery> <gervice>
I<!ELEMENT wsdlLocation (#PCDATA)> <wsdlLocation>htp://10.177.113.14:8099/ms)/
<AELEMENT method (#PCDATA)> searchsubjectname.php ?wsdl <fwsdlLocation>
IELEMENT input (#PCDATA)> <method>geiCourseName</method>
<!ELEMENT outputs (output)> <input>courseMName</input>
<!ELEMENT owput ($PCDATAR <putpuls>
<! ELEMENT provider (fPCDATA)> <gutput>searchCourseNameResult</output>
'ATTLIST provider providerKey IDREF #IMPLIED> </outputs>
) <provider providerKey= “P0000E" />
[<!'ELEMENT UDDI (serviceProviders)y> </zervice>
KIELEMENT serviceProviders (serviceProvider+)> <service>
<!ELEMENT serviceProvider (name, url, address, description, contacts)> <wsdlLocation>http://10.177.113.15/lms3/
FIATTLIST serviceProvider  provideslD iD AREQUIRED> SearchSubject.asmx TWEDL</wsdiLocation>
I<IELEMENT name (#PCDATA)> <method>searchSubjectName</method>
FIELEMENT ust (RPCDATAY> | |
WELEMENT address (#PCDATA)R <fservice>
KIELEMENT desgcription (#PCDATA)> <fsearchBy>
KIELEMENT contacts (personName, email)> <gearchBy name="keyword">
FIELEMENT personName (#PCDATA) <service>
[IELEMENT email {#PCDATA)> <wsdlLocation>hitp:#/10.177.113.14:8090/lms 1/
. searchkeyword.phptwsdl</wsdiLocation>

<method>getKeyword<method>
<inputrkeyword</input>

Figure 2. XML-DTD metadata-UDDI structure.

</service>

<fsearchBy>
<fetadata>
(1) The Metadata element <UDDL>
<gerviceProviders>
In order to provide several ways for searching the <serviceProvider providerID="P000001">
learning courses or LOs, such as, search by subject <name>Khon Kaen University</name>
ming 3 LO i b yks b ii <uri>hup:fhwww. kku.ac.th-</url>
name (e.g'., co;{m? name or name) or by keywor <address>123 Mittrephap Road, Khon Kaen 40002
{(e.g., topics within the course name). The element <faddress>
Metadata is designed io contain one or more sub- <description>e-learning services</description™>

elements searchBy whose value is atomic value (e.g.,
i </serviceProvider>
subject_name, or keyword, etc.).

<UDDI> "

The design purpose of this element is to solve the | /Metadam-UDDI>

semantic name conflicts which occur when there is a
disagreement on the meaning, interpretation, or - -
intended use of the same or reiated data [17]. Insucha Figure 3. XML document conforming to the XML-

way that the semantically equivalent service data DTD.
descriptions, such as, service names, service methods,
input and output parameters, and wsdl locatign are (2) The UDDI element

defined by different names. Therefore, each searchBy
element is designed to hold one or more sub-elements
service, which in turn consists of several sub-clements,
that is, wsdlLocation, method, input, outputs, and
provider. These sub-elements are synonymous service
data descriptions provided by different service
providers. As such, the element provider contains
attribute providerKey defined as idref to reference the
correspending service provider name defined as id of
providerID.

The design purpose of an UDDI element is to hold a
sub-¢lement serviceProviders which in tum consists of
one or more sub-element serviceProviders. As such,
each element servicePrivider holds sub-elements name,
url, address, description, and contact of service
provider to provide service provider information.
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Abstract

Due 1o the increasing demands in interoperating the
heterogeneous e-learning systems to support the learning
data exchangeability, and reusability, a number of
researches have been proposed to address this problem
ranging from development of a SCORM conformant
courseware {0 Web services-based e-learning systems.
This  research  proposes the architecture  for
interoperating the heterogeneous e-learning systems
using metadata and Web services model. The metadata
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has been designed to be a core component of the
architecture to provide service discovery, as well as
elimination of the semantic service heterogeneity. An
XML-based data model is employed to manipulate and
express the metadata contents. The inherent flexibility of
XML technology permits system-wide interoperability
suitable for a Web-based environment.

Keywords: Web Services, Metadata,
Interoperability
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