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Abstract: Nowadays, integration of e-learning platforms has
become a key issue in e-learning. In order to fadiate this
integration, most e-learning platforms depict theirfunctionality
in terms of APIs and/or web services. Usually, APlgxpose the
most important functions in platforms. However, theavailability
of web services in every platform is very heterog@&wous. In
addition, every platform follows its own philosophy when
designing its services. This paper analyses three die most
successful e-learning platforms (Blackboard, Moodland Sakai),
identifying their APIs and web services, and compang their
readiness for the development of a virtual campusdased on these
services. The goal of the paper is to facilitate thmtegration of
these platforms in an information technology infrasructure.

Keywords: platform integration; Blackboard, Moodle, Sakai

[. Introduction

In recent years e-learning has had a significapiirhin the
educational context and it covers a wide set ofiegions and

In this context, e-learning platforms have evoliedrder
to facilitate their integration with other applitats. This
evolution has two different approaches: (i) thelusion of
Application Program Interface§APIs) to make public the
functionalities of the e-learning platform in termfa code
written in the same language in which the e-leaymitatform
has been built; and (ii) web services that alldvesihtegration
of e-learning platforms with heterogeneous appiboet

This paper, an extended version of [9], analyzesited for
integration of e-learning platforms, as well as ithegration
facilities provided by three of the most successflgarning
platforms in terms of their APIs and web servic&hus,
Section 2 describes two projects that take advantdghe
integration capabilities of e-learning platform&c8ons 3, 4
and 5 describe web services availability in Blackio
Moodle and Sakai. Section 6 analyzes this avaitgbil
comparing web services functionalities with APIs
functionalities. Finally, Section 7 presents cosmuas and
future work.

processes, such as Web-based learning, computed-bas

learning, virtual classrooms, and digital collatima. It also

includes the delivery of content via Internet, amet/extranet

(LAN/WAN), audio and videotape, satellite broadaast
interactive TV, CD-ROM, and more [1].
e-learning's success has promoted the appearanizéuaf

II. Need for integration of e-learning platforms

A. VCAA Project

The Universidad Complutense de MadrftdCM) is an old
university, founded in 1499, and is currently tlargest

campuses "The virtual campus is a metaphor for thenon-open university in Spain. In the academic @€410-2011

electronic teaching, learning and research envisstoreated
by the convergence of several relatively new tetdgies
including, but not restricted to, the Internet, WdNide Web,
computer-mediated communication,
multimedia,  groupware,  video-on-demand,
publishing, intelligent tutoring systems, and védteeality [2].
In more recent studies [3, 4, 5, 6] virtual campusee

there were 83,700 students and 6,200 lecturersthén
academic year 2003-2004 th#CM Virtual CampugUCM
VC) [10] was set up. The main objective of the pobjwas to

video conferencinglace at students and lecturers' disposal all tippart that
desktomodern information and communication technologies c

provide to improve the quality of learning and wsh
activity at the university [11]. The UCM Virtual @gus

understood, in a broader sense, as the integradibn includes management of the students enrolled imsesuand

Information and Communication Technologies in ursites
at both educational and organizational levels.

of the content of these courses, as well as fatilg
cooperation and communication: work groups, cHatsims,

Originally, virtual campuses were built on a singleetc. In the present 2011-12 academic year there3 @00

e-learning platform, okearning Management Syst¢hiMS).
However, at present, virtual campuses are evoltomeards
complex applications built on several e-learniregfolrms that
have to be integrated [7, 8].

active students and 4,000 lecturers in the Vir@ehpus.
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Figure 1. New integration architecture for virtual campuggs

Since its deployment, the UCM VC has had several single layer, which provides control over the g

software architectures for dealing with its e-léagnand
administrative facilities [7]. At present, thértual Campus

between the two endpoints. If loose coupling isireds the
layer can be, for example, implemented using wetsices.

Advanced Architecture§VCAA) project is designing new Campus Project is this type of architecture (Fig: 2

software architecture for virtual campuses based
Service-Oriented ArchitecturSOA) [12].

According to this architecture, virtual campusestauilt on
an integration layer [13] described in terms of tedut
interfaces. The e-learning platforms that implemérdse
interfaces can be used to support core e-learaiitities and
can be easily interchanged in these virtual cangpusig. 1
describes this architecture implementing the SGrhitecture
in terms of web services.

The first step for the development of these webises was
the analysis of web services availability in e-féag
platforms. Precisely, this paper describes suchaditity, as
well as the availability of other integration dexécsuch as
APlIs.

B. Campus Project and OKI
Due to the diversity of platforms and the differes@mong

dreterogeneous tools developed in different progrisugnm
languages that interact with a group of LMS seryjideut
independently of the LMS. This type of architectaoaild be
described as agnostic with respect to the leartoonts and
LMS used, and coincides with the vision of the VCR#ject.
In order to implement this architecture, Campugdtadopts
the Open Knowledge Initiative (OKI) proposed by
Massachusetts Institute of TechnoldiyT) [15].

Campus Project is based on OKI, an open and ekiensi
architecture that specifies how the components BIS&
communicate with each other. OKI is specified ia tBpen
Service Interface Definition§OSID) [16], a programmatic
interface that describes OKI services.

Although OSID does not aim to provide SOA solutiaghg
presence of web services in the e-learning plagooan
facilitate the implementation of the OSID interfaca the
Campus Project. Therefore, the definition of webvises

them,Campus Projedfi8] emerges as a developing communityayailability in main e-learning platforms can afagilitate the

within the area of e-learning. Campus Project iu$ed on
interoperability between systems, ensuring thathbgments
are shared among its members.

‘ Platform I‘ Platform I‘ Platform I‘ Platform |

Figure 2. Architecture of Campus Project [14].

Campus Project is based on the assumption thateke
step to achieving real interoperability is to ad@ptSOA
model. When these services implement a clearlyaddfi
interface, it is possible to isolate the interattioechanisms in

development of the Campus Project.

Blackboard Learn 9.x [17] is one of the most impott
e-learning platforms. More than fifty percent oé thcademic
institutions use it as the main LMS [18]. The path offers
many features, and new functionalities can be deplaising
its tool calledBuilding Blockg19].

Blackboard's web services prioritize functionalibyer
usability and this makes it different from othetearning
platforms. Thus, Blackboard has the most complete
implementation of web services. However, these seghices
do not include all the functionalities of the efl@ag platform
deployed as a web application.

Blackboard Learn’'s Web Services

A. Protocols Supported

Because Blackboard does not prioritize usability,omly
implements one web service protocdimple Object Access
Protocol (SOAP) [20]. However, this implementation is
enough to support all the implemented functioresiti
Therefore, no more protocols are needed.
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B. Architecture of web services

Blackboard implements architecture similar to SaKdiis
architecture is depicted in Fig. 3.

716

V. Web Services in Moodle

Moodle is currently the main open source e-learmpiagform

and the second most widespread among LMSs [22] d\de

implemented in PHP [23], which makes it a highlgessible
for any institution that wishes to use a simple LMS

addition, there are a great many tools deploydddgpendent
developers. Therefore, Moodle has extensive funatity.

Web services in Moodle are implemented followinghbo
usability and functionality philosophies. Therefoioodle
has no static deployment of web services. Thesdcssrare
dynamically deployed and can be adapted to thesuser
requirements.

However, web service support in Moodle 2.0 is very
limited.

Figure 3. Architecture of web services in Blackboard and
Sakai

A. Protocols Supported

One of the goals of Moodle's web services is uigbil
Therefore,

Moodle implements different web services

protocols:

Blackboard's services are grouped by functionadibyg
resource. These services have basic login and reareadg
operations.

Blackboard's web services are:

* AnnouncemenfThis web service provides methods for

creating, modifying and accessing announcements.

e Calendar This web service provides methods for
accessing and updating the calendar items in adate

e Content This web service provides methods for
creating and accessing content items.

e Context This web service provides the initial methods
required for session creation. Therefore it needset
invoked before any other web service can be used.

e Course This web service interface provides methods
for creating and accessing course items.

« CourseMembershifhis web service provides methods
relating to memberships of courses and groups.

e Gradebook This web service provides methods for
accessing grade books.

* NotificationDistributorOperations This web service
features web service methods for executing notitica
distributor operations in Blackboard Learn.

XML-Remote Procedure CqIKML-RPC) [24].
Action Message Formg&AMF) [25].
Representational State Trans{&EST) [26].
Simple Object Access Protod@OAP).

B. Architecture of web services

o

V4

Figure 4. Moodle 2.0 Web service architecture

» User. This web service provides methods for accessing As Fig. 4 shows, Moodle web services have thras tleat
and updating the users, admin users and usergssddare used to dynamically set up the services:

book entries.
« Util: This web service provides secondary methods for
accessing and updating global configuration.

C. Security level

To relate a session with web service layer, the IWdi&lly has
a session identifier. This identifier identifiesethiser in the
e-learning platform during a session. This is thmmgipal
unsafe point in most e-learning platforms, becaifisthis
session identifier is stolen, the user's sessionbeaaccessed
by hackers.

The majority of LMSs do not implement security e tweb
service and end-users must implement security ipslid
needed. However, Blackboard can force the us8eufure
Sockets LayefSSL) [21] to access its web services.

Library/API. The web services are implemented on this
API tier that performs the operations offered bgsth
web services.

ExternalLib This is the set of the implemented
operations that are used by Moodle's web servités.
an extension of available Moodle modules and,
therefore, there is afxternalLib for each module.
Table 1 shows thExternalLibsimplemented in Moodle
2.0 and their operations.

Connectors Connectors have two missions: (i) they
configure web services according to the user's ddma
and the operations of tl&ternalLily and (ii) they make
the web service available. There is a connectoredr
service protocol (SOAP, REST, AMF and XML-RPC).
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Resource Operations

User moodle_user_create_users

moodle_user_delete_users
moodle_user_get_users_by id
moodle_user_update_users

Role moodle_role_assign

moodle_role_unassign

Group moodle_group_add_groupmembers

moodle_group_create_groups
moodle_group_delete_groupmembers
moodle_group_delete_groups
moodle_group_get_course_groups
moodle_group_get_groupmembers
moodle_group_get_groups

Course moodle_course_create_courses

moodle_course_get_courses
moodle_enrol_get_enrolled_users

Resources  moodle_file_get_files
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other service.
» SakaiPortalLogin These services are needed to help
connections from Portal software such as uPor@l [3
e SakaiScript This is a functionally-rich service that
includes the main services needed for manipulating
users, sites, memberships and permissions on sites.
» SakaiSessian This service returns the session
information.
« SakaiSigning This service enables external application
to verify a user.
« SakaiSite These services allow site handling. It is well
worth mentioning that the methods with the wB@M
[31] are returning strings in a speci¥®L format [32].
2) REST architectureSakai's RESTful services are more
intuitively described than SOAP services. REST qurot fits
in well with the most common application typ€RUD
(Create, Read, Update, Delete) operations. Eachserlice
manages a specific Sakai resource. They are: ctionec

Table 1 Operations Supported by ExternalLib In Moodle 2.gnanagement, group, group membership, me, preseseeh,

C. Access Control

In Moodle, when web services are created, the adirator of

the e-learning platform determines their avail&ptth external
users. This feature is not as powerful as Blackiieaecurity
policy, but it allows custom levels of access apdrations per
web service.

V. Web Services in Sakai

Sakai is a modern e-Learning platform promoted dyegal
universities and other institutions [27].

Sakai implements enough web services
management of the LMS. Unlike Moodle, Sakai's wetlvise
architecture follows a classic model. Accordingtis model,
Sakai's web services offer all the functionalityglaannot be
changed without change development. This modeto#dist
of clearly defined services.

A. Protocols Supported
Sakai web services aim to offer a set of featusgmble of
managing the platform and not adapt the servicesllto
existing technologies. It uses two web servicesgqmals. They
offer all the functionality needed by the web seeg. These
are:

* SOAP.

 REST.

B. Architecture of web services
Sakai's web service architecture is based on siclamdel, as

Fig. 3 shows. There is a set of web services tlfgr o

operations to interact with the e-learning platforithe
operations of each web service manage similar rimdion.
Sakai's web services architecture has two variantgrding
to the communication protocol:

1) SOAP Architecture Sakai uses theApache Axis
framework [28] to implement web services. The webvices

to fulfilavailability of the CRUD operations for

site, site membership, user, files batch requastativity.

VI. Analysis

A. Web Services Availability in e-learning platforms

This section analyzes and compares the web services
availability in the three e-learning platforms aszaid.

This analysis considers the main functionalitieedesl to
use e-learning platforms (e.g. session managemesgr
management, etc.), and analyzes them from the ge&igp of
CRUD operations.

In this analysis four options can be selected foe t
e-learning
functionalities:

* Fully supported. CRUD operations are implemented. |
addition, the operations that allow performancehef
same functionalities as the web deployment of the
e-learning platforms are also implemented.

e Supported. Only CRUD operations are implemented.

« Poorly supported. Only part of the CRUD operatimns
implemented.

* Not supported. None of the CRUD operations are
implemented.

Table 2 summarizes this analysis.

According to this analysis, both Blackboard andébake
one step ahead of Moodle, although they do noty full
implement all the e-learning functionalities usechew
interacting with e-learning platforms.

In most cases, only web services related to the osarse,
announcements and session management are impleimente
However those related to calendars, and commuaitatools
(e.g. forums, mail, blog, etc.) are not supported amy
e-learning platform.

This is an important drawback because our expegieviih
the UCM VC tells us that communication tools areeaxgively
used by both students and teachers.

Finally, the platforms offer the same operationsatb

implemented in Sakai are grouped by type of resourgrotocols supported. Therefore, Blackboard Learppetis

managed. They are [29]:

SOAP; Moodle supports SOAP, REST, XML-RPC and AMF;

+ SakaiLogin These services are responsible for logi@nd Sakai supports SOAP and REST.

facilities. Therefore, they need to be invoked befany
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e-learning platform
Web service
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interface, general parameters, etc. These functoas
not usually available as web services.

Blackboard Moodle Sakai
Category It Support classes (e.g. data structures used to
User Supported Supported Supported structures, tools to_manage dataset, _etc. Thestidun
are not usually available as web services but theybe
Role Supported Poorly Supported used if the client application includes them
Supported _pp o
Enroll Fully Supported  Fully Supported  Fully Su Category lIt Fu_nctlo_ns used to access to p(_erS|stent data
(e.g. user registration). These classes give adrwess
Course Supported ggggﬁne J Supported courses, announcements, etc. of the platform and
. S § Poorly Not S g manage persistent data. These functions are both
esource upporte Supported ot Supporte available in APIs and as web services, because they
Announcement  Fully Supported  Not Supported Not Supp enable interaction with the platform and its cotgéen
The category Il and category Il are related beeamme
Forum Not Supported  Not Supported  Not Supported c|asses of the category Il manages the data obitavit the
Calendar Supported Not Supported Poorly functionality offered by the category Ill.
Supported
Notifications Not Supported Not Supported Not Supsmd e-learning platform
Int | Programming
G;Ima Not Supported Not Supported Not Supported Language Blackboard Moodle Sakai
External
) Not Supported Not Supported Not Supported
Mail upp tpp tpp Native Yes Yeg Yes
Blog/
Not Supported Not Supported Not Supported
Personal Web PP PP PP No native Yes No Yed
Grades Supported Not Supported Not Supported Tif the language supports java library
External Mail Not Supported Not Supported Not S 2with dependencies between API and the rest ofesaskthe Moodle engine
Blog / Table 3 API availability for external applications

Not Supported Not Supported Not Supported

Personal Web

Grades Supported Not Supported Not Supported

Table 2 Web Service Availability in e-learning Platforms

B. APIs and web services

This section compares web services with APls intliree

platforms: Blackboard, Moodle and Sakai. This asialy
reviews APIs functionalities, and whether they cha

accessed by external applications not deployedhénsame
machine where the e-learning platform runs, althosigme
functions are only naturally used in the context tbé

platform’s web tier (e.g. visual configuration dfiet user
interface).

APIs can be used to extend the basic functionslitie

provided by the platform (e.g. a new plugin), oetgose the
functionalities to external applications (e.g. abwservice).
However, web services are usually intended to expbe
platform functionalities to external applications.

Therefore, APIs have more functionality than wetvises
included in e-learning platforms. For example, fiowts to
configure web application of the platform need o bie
offered in the form of web services. Other exampldghe
support classes including in APl libraries, suclsgecial data
structures used to manage platform dataset (sgf. & cites).
However, it can be useful to import these classsguan
application library. This importation forces theina platform
language support in the importing application.

In addition, in order to use the classes of thegaty Il is

needed that the platform APl can be used by externa

applications. Table 3 shows the API availability é&xternal
applications, in the native programming language#iarother
programming languages.

Next sections compare the functionality offered ARlIs
and web services in each analyzed platform.

APl Resources  Category Wep Service
availability
Announcement I/l Yes
Bookmark I/l No
Calendar I/l Yes
Category I n/a
Course i/ Yes
DataSource | n/a
DiscussionBoard 1/l No
Portfolio | n/a
Filesystem WALl Partial
Monitor | n/a
GradeBook I/l Yes
Navigation I n/a
Role I/ n Yes
User i/ Yes

lnside content web service

Table 4 Comparative between API and web service in
blackboard

For the sake of classification, APl resources can b

classified into four categories:

1) Blackboard Learn’s API and web services

. Category | Functions to manage the platform (e.gBlackboard's APl is characterized by offering aibaset of

visual configuration of wuser interface).

Thesdesources. This API does not have special clasagsgory 1)

functionalities permit modify the platform, web use associated with persistent data. In addition, éte@tresources

managed by this APl is very basic. Moreover, thd Aas not
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support for advanced resources like chat, intenzl, etc.

Blackboard has also a set of web services for ntost
management of persistent data. In addition, its gdBVides a
set of special classes used to manage data retbosnedb
services. These classes are different of thoseeaffby the
API. However, Blackboard does not have classesanage
permanent dataset. Additionally, this API is distited in a
JAR library (Java Archive), which can be importegt b
programming languages that support Java libraries.

Table 4 shows a relation between the resources loffthe

Huertas and Navarro

3) Sakai's APl and web services

The functionality offered by the Sakai APl is vegmplete.
This API can manage all the platform’s aspectsessdo
permanent data, web application configuration, dtt.
addition, the Sakai's API has support classes phatide
functionality to handle datasets. For example, @igtion
classes offer functionalities to: handle a set wétions,
configure the appearance of the citations, perfsearches,
share citations between users, use it in othefoptatmodules,
etc.

API and web service availability. Web service
. API R Cat Lo
2) Moodle’s API and web services esources alegory availability
Moodle’s API is .the _complete APl and provides theéznnouncement WA No
advancg set of fun<_:t|onallty. 'I_'able 5 shows thg Allé.ment.s Calendar n/m Partidl
and the|r. cle}SS|f|cat|on accor_dlng to the catgegndescnbed iN Chat m No
the l_oegmnmg of the section. Mqodlg includes a .c.;ét Chefttool | n/a
functions called APl Module which includes additdn citation I n/a
resources: assignment, chat, choice, data, feeqmalder, Courier | n/a
forum, glossary, imscp, Iat_>e], lesson, page, quéspurce, Login m Yes
scorm, survey, URL _and wiki. These resources ardutes  Gradebook I/ No
that can be included in a course. Group n/ Yes
MailArchive i No
Web service Message 1 No
API Resources Category Availability News I/ 1 No
Podcast in/m No
Access I No
e Portal Il Yes
Activity Il No
: Postem ] No
Advanced grading Il No
Presence Il n/a
Backup i No
Resetpass 1l No
Blog [/ No .
Rights (/1 No
Calendar in/m No
Role In/m Yes
Comment (/7 m No Section U/ NO
Conditional activities Il No . L
Course I/ Partial SiteAssociation I n/a
N SiteManage (n/m Yes
Data definition 11 No
: . Taggable I n/a
Data Manipulation [l No
User (n/m Yes
Events in/m No Warehouse | n/a
File in/m Partial
Filter v No only support the copy the calendar between colrses
Form I/ N‘? Table 6 Comparative between API and web services in Sakai
Groups /1 Si
Grade WAl No The use of the Sakai's APl as library in external
Logging 1] No applications is more complex than the use of Blaekt's
Message Il No APl because Sakai's API is not distributed as JAfRaty.
Module 1/ No However, the source code can be downloaded from the
Navigation Il No website and includes in an application project.
Output 1 No The persistent data accessible using the web saridgaery
Page In/1m No limited compared with the persistent data accesdyl this
Plagiarism I/ No API, as table 6 depicts. This analysis is simitatite analysis
Preferences Il No performed in the previous section: Sakai's AP| supppmuch
Portfolio 11 No more functionality than Sakai's web services.
Question 11 No
Rating 1/ No VII. Conclusion and future work
Repository Il No o . .
RSS 0/ No At present, taking into account the requirements-tgfarning
String n/m No projects, integration capabilities are needed fopbstm
Tag Il No e-learning platforms. Web services enable transpare
Time I/ No integration of e-learning platforms in environmestgh as
Unit m No virtual campuses.
User [/ Si However, according to the analysis carried ouhis paper,

Table 5 Comparative between APl and Web Services in
Moodle

current implementation of web services does ndilifthe
requirements of advanced users. Thus, the impledent
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functionality in terms of web services is less thetf of the underlying e-learning platform, as the VCAA Project
functionality offered by the web e-learning platfis. promotes.
On the contrary, APIs offer a good set of functidgpabut
they are intended to be used by applications writt¢he same  Acknowledgments
language, binding the external application with f&tform o y _
programming language. In addition, APIs do not hgued El Ministerio de Educacién y Ciencf&IN2009 - 14317 - C03
libraries for facilitating resource manipulatiomcatherefore, - 01), La Comunidad Auténoma de Madr(§2009 / TIC -
resource manipulation becomes a complex task. 1650) andLa Universidad Complutense de Madi(@roup
Blackboard is the most widely used e-learning ptatfand 921340) have supported this work.
is also the most experienced. This is reflectedtlin
implementation of its web services, Blackboard mffethe References
greatest functionality implemented as web serviaad, most ) . o
of persistent data stored in the application i®asible using [1] E.Kaplan-LeisonASTD Learning Circuits. Glossary
these web services. These services have a classical 2001 http://www.learningcircuits.org/glossary
implementation, similar to Sakai. However, Blackitbaas [2] G.C.Van Dusen."The Vlr_tua}I Campus: Technology and
increased modularity, and it also has a web sedidmition Reform in Higher EducationASHE-ERIC Higher
per resource or functionality. These features make Education Repor25 (5), 1997
Blackboard's services very understandable. Regardirt3] D-H. Allison, P.B. DeBlois and the EDUCAUSE Current
Blackboard’s AP, it is distributed as a JAR librawhich Issues Committee (2008). "Current IT Issues Survey
facilitates its use in external applications, whatethe Report",EDUCAUSE Quarterly 31 (2), 2008
application supports Java libraries. http://vvvwv.educause.edu'lllr/I|bra_ry/pdf/eq_m08_23._pdf
Moodle has a characteristic implementation of well R-M.Epperand M. Gam. "The Virtual University in
services. Unlike other platforms, the web servibesloyment America: Lessons from Research and Experience”,
architecture is dynamic and the end-user createdhis EDUCAUSE Centre for Applied Resea(@CAR)
architecture has a set of operations implementduesd Research Bulletin, 2004 (2), 2004
operations can be added to web services and deeatiithe http://vvvwv.educause_.ed_ullr/I|brary/pdf/ERBO402.pdf_
functionality that they can have. This architectadds an [5] PLS RAMBOLL.Studies in the Context of the E-learning

important personalization feature to Moodle's webvises. Initiative: Virtual Models of European Universities

However, Moodle does not offer enough web servites 2004 ) ) )
support the needs of a normal user, although itémpnts http://mww.elearningeuropa.info/extras/pdf/virtuadod
els.pdf

several communication protocols. Perhaps feweropod$
and more web services would be a more balancedagiprin
addition, Moodle's architecture for web servicesnisre
complex than its counterparts' architecture. Redggrd
Moodle’s API, its use in external applications @mplex
because there are dependencies between the MoBdlend
the rest of classes that make up the e-learninfppia
Sakai has classic web services implementationtaathie,
classifying them according to their functionalityowever AICT 2010 2010 _
Sakai's implementation of web services has a ldrgeback: [8] CampusProyect. http://www.campusproject.org
all the functions are implemented in a single wetvise (i.e. a [ F-Huertas, and A. Navarro. Web Services Availgbifi
single "Web Service Description Language (WSDL)3][3 e-learning PIatformsSeventh In_ternatlona_l Conference
interface is provided). In addition, only the bapiersistent on Next (,Seneratlon Web Services Practices
data is accessible using web services. Regardikai’'S#PI, (NWeSP"11)pp. 170-175, 2011
it has useful tools that can be used in exterrpliegtions and, [10]UCM Virtual Campus. _
although the API is not distributed as a JAR ligraine source https://www.ucm.es/campusvirtual
code can be exported as a library because Saleai @pen [111A. Navarro and A. Fernandez-Valmayor.
platform. "Conceptualization of Hybrid Websiteghternet
Comparing web services' interfaces, they are verﬁ Researchl7, pp. 207-228, 3007 _
heterogeneous. Therefore, they are unsuitable tdireetly [12]T- Erl. SOA Principles of Service DesigPrentice Hall,
used in an architecture such as the one promotdtByCAA 2007 )
Project. Thus, Moodle deployment architecture impletely [13]1D- Alur, J. Crupi and D. Malk<Core J2EE Patterns: Best
different and it does not have a stable set of a@tvices. Practices and Design Strategieégd edition. Prentice
Blackboard and Sakai, despite having similar aechitral Hall/Sun Microsystems Press, 2003 ‘
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