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Abstract

This work presents a proposal on design and impiatien of web sites e-learning with

properties of service reconfiguration in executibme, offering a new adaptation and

personalisation mechanism with context-aware cheiatcs.

We describe an integration model to incorporate ‘tbordination context-aware contracts”
into an e-learning framework. The implementatiors lieen solved using design patterns
which allow superimposition of rules through contsa by means of the interaction between
the objects that implement services (i.e messadii®re on a Forum) and the objects that
require them.
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1. INTRODUCTION

The advance in researcher and development of eifgpplatforms offer improvement and innovationlgo@uch as
video conference, portfolios, wikis, workshops,. etmd their corresponding services. As a reshitie is a growth
in the amount of possible e-learning sites confitjons. These configurations cover different typesequirements
that correspond to the different design and devetoyt stages and they even require the adaptatithe &-learning
site in terms of execution time. From these reguésts, e-learning processes are defined (calleldnP@] in a
similar way as business processes but on anotipéication domain.

Like business processes in a conventional Web Aaiptin, Pe-Irn is formed by web transactions [4].this
context, a transaction (or e-learning transactisnlefined as a sequence of activities that a esecutes through an
e-learning Application with the intention of penfioing a task or reaching a goal, where the set tifies, their
properties and the rules that control their execytdepend on the Pe-Irn by the Application. Annepke of didactic
strategy is a student’s possibility of accessingddain material (videos, files, etc.) dependiinghis participation
in Forums. These types of requirements are diffitolimplement with the current e-learning applicas of
extended use at global level.

In the framework of the analysed items, we caredfadt the Sakai project www.sakaiproject.org sffene of the
most consolidated proposals on design and develaipofecollaborative e-learning environments for eation,
providing tools that can be implemented through wmm services (base services). For example, the agess
edition service is used with tools like Forum, Aonoement, Blog, Portfolio, etc. Moreover, anothetstanding
characteristic of Sakai is its versatility for ex&n and/or configuration. Indeed, Sakai allowsaler certain
configurations in execution time, for example, agiag a new function in a Sakai base service. Hewnethese
solutions cannot solve those Pe-Irn which involliarges in the behaviour and relationship betweeongponent
(client) that requests the execution of a servempmment (supplier).

These types of changes refer to the system dynaaiéptation capacity [6] to extending, personalisamgl
improving the services without need of compilingl&@m restarting them. In this paper, we presenoagsal for the
incorporation (aggregate) of dynamic adaptatiorpprtes to the base services included in the Sa&eiework.



They have been especially designed to implemenirrPevhere new adaptation [13] aspects are requined
perspective of Dynamic Hypermedial Devices in tHearning field with context-aware characteristitsl2]. We
understand by DHD “a social net mediated by ICTofilmation and Communication Technologies) in a jtals
virtual context where the subjects investigatechedearn, talk, disagree, test, produce and cartytransformation
processes on objects in a very responsible waysel'bee regulated, according to the case, by a icatiah of
contracts integrated into the participant Workshwgihod”. (San Martin et al, 2008).

2. CONTEXT-AWARE CONTRACTS

Our proposal for satisfying the mentioned requiretsebout dynamic adaptation starts with the caostm of a
contract model oriented to the implementation ofitest-aware services. The use of contracts conwms the
notion of Programming by Contract by Meyer [5] hsm the metaphor that an element from a softwgstes
collaborates with other maintaining mutual obligas and benefits. In our application domain we wdlhsider that
an object-client and an object-server “agree” bynseof a contract (represented with anew objeet)ttie object-
server will satisfy the client’s order, and at tseeme time, the client will fulfil the conditions posed by the
supplier. As an example of application of Meyedea in our domain of e-learning system, we outfirsituation in
which a user (client) makes use of a message ediovice (server) by means of a contract that guiirantee the
following conditions: the user should be able t@ #tbse messages for which he has authorizatioardmg to his
profile (supplier’'s obligation and client’'s bengfithe supplier should have access to the infoonatif the user’s
profile (client’s obligation and supplier's bengfit

From the conceptualisation of contracts accordiniléyer, we propose an extension by adding new comfits to
arrange mechanisms which allow the execution abastdepending on the context.

In context-aware applications [3], the contextd¢ontext information) is defined as the informattbat may be used
to characterise the situation of an entity no mdtie qualities that may define it. In our caseeatity is a user
(student, teacher, etc.), a place (classroom,riib@nsultation room, etc.), a resource (printex, machine, etc.),
or an object (exam, practical work, etc.) which camnicates with another entity by means of a conttad1] we
propose a specification of the concept of contesinf Dourish’s considerations [9] and adapted todHearning
domain that we will consider in this paper.

Context is all type of information that can be stgied and processed through the e-learning afipticand that
characterises a user or environment, for exampdeticipation on a forum, average marks, abilitiesjels of
knowledge, connected machines ( IP addressesj¢ipation level on forums, amount of connected rsisdates
and times, courses statistics, etc. In generaldgetine coordination of contracts is a connectidal#ished among a
group of objects, even though in this paper only thjects have been considered: a client and &isaihen an
object client calls an object server (for example éditing service of the Forum tool), the contrautercepts” the
call and establishes a new relationship taking @atmount the object client context, the objectesecontext and the
relevant information acquired and represented as@rmment context [9].

Next, we will bring details about some of the comots and essential relationships for the integmatif this
model into the Sakai framework and the methodsahainge contracts coordination.

2.1 Elements of context-aware contracts

A contract following Meyer's ideas contains all tiformation about the services that clients witleu To

incorporate context awareness, our contract shioaNeg references about some type of context infoomdor its

use. In the diagram showing the relationship anentgies 1, we describe the elements that comgesedncept of
context-aware contract, especially for Pe-Irn.
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Figure 1: Model of context-aware contract



The figure begins with the representation of a @mttaccording to Meyer’s idea, where the main coment
elements are shown (pre-conditions, actions, pastlitions). The arrows leaving from the grey areapout two
types of relationships (action-service and invdaatontext) that should be arranged to incorpoeateechanism
which can give the contracts context-aware chariatits. On the right side of Figure 1 we can dee éntities
needed to obtain context-aware contracts. Thegxpkined below:

Services In this component we represent the necessaryesiento identify a service, and a classification of
services that can be part of the contracts actiemsexample, service name, identifiers, reachingpose, etc. [1].
The functional behaviour of each service is expedhnitirougtBehaviour component.

Behaviour: A service behaviour is obtained combining operati and events which are represented by the
componenDperations andEvents

In the same way the service may be implementedjuiants, represented by the compomfamnts that can zoom
out operations from th®perations component. For example, according to the roless{ident, instructor, teacher,
etc.) assigned to a tool user involved in a Pedilina determined surrounding context (for example-orum
context), and according to the user (for examplnéf person has moderator permission), Sevice component
offers different functions (for example, editingr@essage) which are arranged by means of concréemagfor
example, saving a message on a table) and/or thritxegoublication or subscription of events.

Context-Aware parameters Context-aware parameters, are the representatioontext information that is part of
the entry parameters of the functions and the naistlexported by services, establishing in this waglationship
between th&ervice componentaind theContext-Aware ParametersandBehaviour.

Context: In our model this type of information may be usedwo different ways: firstly, for assignation eélues
taken by context-aware parameters; secondly, tiisgrnation can be used to define the invariabilégresented in
the contracts.

3. INTEGRATION MODEL : SAKAI AND CONTRACTS

In this section, we present a sketch with the psapto incorporate Sakai a coordination mechanisncontext-
aware contracts, by means of a presentation oigmevhich describes the communication among medileand
their dependences. In Figure 2, the modules amesepted by UML packets and the relationship betvtkem is
represented by means of arrows indicating commtinitand dependences. At the same time, in thegvaokd,
we show which the specific classes in each mod@l@ad how to implement the integration throughthe

Module layer
_______________ |
] A =
Module of
Module ) Module
Sakai Coordination Contract M  Contract context-aware

Classes Laygr - == =2 dependencyinthe
creation of object,

Sakai Service pm. =] Connector H Contract C-A
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Figure 2: Design of interaction of Sakai with contract

The Sakai framework, represented in Figure 2 byShkai module, has been designed according to raldger
architecture [11]: the aggregation layer is comgllein charge of the implementation of the inteefagth the user,
in the same way as Web sites implementation. Thergelayer called presentation is responsible lowéng the
Web components to be reused (for example, “widgétich provides calendars, “WSYWIG” editors, etcThe
third one belongs to a tools layer where we fingl Itlusiness logic of Sakai tools that interacts \lith user (for
example Forum, Wiki, etc.). Finally, the serviceyda implements Sakai services under a Service @den
Architecture which will be used by various toolsaiigh API (Application Programming Interface).

For our interaction proposal, we will only take dnaccount those services which compose the sefaiger
belonging to Sakai base services. Sakai nuclewdcssrwill be "wrapping” by means of contracts adioation,
what is represented in Figure 2 with referencdésSiakai Module towards theContract Coordination Module.



In this way, we are able to control the invocatiohthe Sakai nucleus services by means of Goatract
Coordination module, establishing a first integration relatiapsfThe same relationship is implemented at classes
level as an aggregation relationship between thHeaiS&ervice class (belonging to the Sakai modute) the
Connector class belonging to the coordination fraork that will be discussed in Section 4 through tise of
design patterns.

The last integration relationship is produced betwtheContract Coordination module and th€ontext-Aware
Contract module which has been explained in Section 2his ¢ase, Figure 2 shows how from the coordination
framework, a composed relationship between the €don class and the C-A Contract class that impigsnthe
Contract element represented in grey in Figure 1.

In this way, instancing different contracts in andgnic way, Sakai will present flexibility in exegwt time
(currently lacked and required by DHD).

4. |MPLEMENTATION OF CONTRACTS IN  SAKAI

In the above sections the contract has been mewatias an active agent in charge of coordinatingatsstituent
components which form it. In this section, we ddmehow this mechanism has been implemented by snefia
tool which allows the modification of Java type impentations of Sakai services to incorporate maishas of
context-aware contracts coordination, accordinthéodesign shown in Figure 2. However, we beliésa first it is
convenient to summarise briefly other attemptsrtigle the flexibility required by DHD.

4.1 Sakai flexibility levels

Different standards and frameworks of software tgaent based on components and service injecaor been
proposed to improve the flexibility and adaptatiof e-learning Web systems. The most important @@RBA,
JavaBeans, Hibernate, Spring, JSF, RSF, etc. Howawvee of these standards provides an abstrachanesnm
suitable to carry out the representation of thati@hship between users and services as a firs$ cbject [5]. This
idea is related to computing solutions where theeqality of a language is reinforced by impleniegta service
belonging to the services layer instead of thegumdion layer. The first antecedents of this tgpseolutions were
used for communication systems applied in the datadayers for a change in protocols by meansle&ri8].

In this sense, we propose a solution using des@teiqms which can implement the characteristicsiired by
TCCs-c over the base service layer of Sakai framlewo

From the point of view of implementation, this pospl changes Java2EE-Sa&kaiphilosophy where the
incorporation of new versatile services for confagion and implementation are achieved throughsotegensions,
reflection techniques, etc. The following UML cladggram shows the design proposed to incorporata&iS
coordination of context-aware contracts.

4.2 Design patterns for coordination of context-aware contracts
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Figure 3: Design pattern to implement coordination contiacakai

1 Adaptation in the sense proposed by hypermegsadms which allow the personalisation (adaptation)
according to individual users (Henze, 2000)

2 Sakai keeps the development philosophy of Ja&®ice-oriented and which may be reliable, infegrational
and extendable.



Tool-Interface Method: This is an abstract class which defines a cominterface of services from a Tool
provided byTool-Proxy Method andToProxy-Adaptator Method.

ToProxy-Adaptator Method: This is a concrete class which implements anrimégliary in connection with the
Proxy-Method class to take charge of the receiveduests. In execution time, this entity can indicat
MethodServiceComponent that there are not contracts involved or it camaraye a connection between
ConnectorMethod Service to connect the real clasMethodServiceComponent with the contract

ContractMethod in which you can find the coordination rules.

Tool-Proxy Method: This is an abstract class which defines the iaterfthatMethodToolToProxy-Adaptator
and ConnectorMethodService have in common. The interface comes frethodTool-Interface in order to
guarantee that it offers the same interfacdviethodToolToProxy-Adaptator with which a real client should
interact (for example, an object which invokes FHoeum edition service).

EditServiceComponent: This is the concrete class where we find the Fordition logic and the concrete
implementation of Sakai original services.

ConnectorMethodService:It connects the contract with the real objectdifin caseMethodService-Componeny
taking part in the contract. In this way, is noquized the creation or instantiation of new objdotgoordinate the
same real object by adding or removing other cotgraThis is only possible with a new associatioratnew
contract and with the instantiation of a connectigth a ConnectorMethodServiceexisting instance. This means
there is only one instance of this class assoctated/lethodServiceComponentinstance.

ContractMethod: This is the class whose instance generates alication object that, when notified, can make
decisions when a request is invoked through aalgjglct. In case there is no contract coordinatingah object, the
design on Figure 3 may be simplified; and only¢hesses and relationships that do not pass thergotgngle area
will be necessary. The class that implements tidraot, calledContractMethod, is represented inside the figure
of an UML packet calle€Context-Aware Contractsindicating that it belongs to an underlying modesctibed in
Section 2.

According to this explanation, we think it will luseful to reinforce our argument about advantafiéisioproposal
comparing it with the current technological solasdased on components and frameworks for semjeetion and
representation. At the same time, it can be obsettvat the way to its implementation is ward dué¢hi® required
generation (automatically) of code portions and ¢reation of new Java file from the original onestbe Sakai
platform that should be compiled and put into opilera It is necessary to highlight that Sakai cdatmn and
starting up is performed only once. Any kind of kga and configuration will be introduced througmtext-aware
contracts.

5. STUDY CASE FOR CONTRACT IMPLEMENTATION

In this section, we will present a case to illutrdne different stages that should be fulfillecbtain the inclusion
of contracts in Sakai under DHD perspectives, retgr to the idea of including a contract in thetiedi service
from Sakai Forum tool.

Carrying on with the study case from earlier stagesshow a Java code portion corresponding totigénal Sakai
source code where we propose a method calthtMessagecorresponding to the implementation of the edition
service from the Forum tool.

The following fragment of Java source code impletsean inheritance clasdaseDiscussionServioghere the
edition service interfaces corresponding to Sakanéwork nucleus are located.

import org. sakaiproject. discussion. api.DiscussionMessage;

public class DiscussionService extends BaseDiscussionService{
public MessageEdit editMessage (MessageChannel channel, String id) {
return (MessageEdit) super.editResource (channel, id);}

Then, through the SwC tool, XML files are creatsinflar to CED tool) to specify the contract rulekich will
involve services implied in theditMessagenethod (Stagel). After this, we execute the auticnecade generation
to create two different types of Java files (Stgg@ae first one (filel) implements the functionialé which allow
the connection with Proxy (for exampléethodTool-Proxyn our study case); the second one (file2) impleméhe
connectorConnectorEditServiceepresented in Figure 3. Then, we show code fratgnehich allow a better
illustration of the acquired characteristics frdm modifications suffered by the source code frakaSapplication
by means of the tool.



Fragment 1 file 1. The packets corresponding tocth@racts coordination framework (Figure 3) ane tontext-
aware framework (Figure 1).

import cde. runtime.*; import obab.ca.*; // Framework context

public abstract class DiscussionService extends

BaseMessageService implements
DiscussionService, GontextObserver, EntityTransferrer, Forolnterface

Fragment 2 file 1. Methods aggregated by the toateéntify the classes that will be interceptedthg contract.
SetProxyis in charge of the instantiation of Proxy compuse

public static Class GetClassld() {return _classld;}

public CrdIProxy GetProxy() { return _proxy; }

public void SetProxy(Object p) {if(p instanceof CrdIProxy & p instanceof
DiscussionInterface) _proxy = (CrdIProxy)p;}

public void SetProxy (CrdIProxy p) { _proxy = p;}

AccountInterface GetProxy Account() {if ( _proxy == null ) return null;
return (Discussionlnterface) _proxy.GetProxy (_classld);}

Fragment 3 file 1. Aggregated method that impleméme call of the client object to Proxy.

public long _getNumber () {new ComponentOperationEvent (this , “getNumber™)_
.fireEvent ) ; return number;}

public messageEdit editMessage (MessageChannel channel, String id) {

new ComponentOperationEvent (this, “Edit”). fireEvent () ;

return (MessageEdit) super.editResource (channel, id);}

Fragment 1 file 2. Code fragment where the framé&wmmponents are imported and the abstract cldsses
connectors and Proxy are inherited. The real objtadsMethodService-Componerdccording to Figure 3, is
represented through the subject attribute.

import cde. runtime. *; import obab.ca. *;

public abstract class IDiscussionPartner extends
CrdContractPartner implements CrdIProxy, DiscussiontInterface {
protected Discussion subject;

Fragment 2 file 2. Definition of abstract methodsbnnect ConnectorMethodServigceepresented in Figure 3) the
contract with the service.

public void SetProxy (Object p) {subject.SetProxy(p):}
protected Object GetSubject_Object() {return subject;}
public void ResetProxy() { subject.SetProxy(null);}

Fragment 3 file 2. Methods which allow the access of methods which define services (for
example, methods class MethodService-Component).

protected Discussion GetSubjectDiscussion() {return (Discussion) subject;]}
protected IDiscussionPartner GetNextPartner_Discussion() {
return (IDiscussionPartner)GetNextPartner (Discussion. GetClassId()) ;]

Fragment 4 file 2. Implementation (by fault), oftimeds defined in service interfaces. Through the
GetSubjectDiscussighmethods, detailed above, we accede to metheddgert by the tool in the first file.

public void messageEdit (double amount, Customer ¢)_
throws DiscussionException { IDiscussionPartner
next = GetNextPartner_Discussion()



if (next != null) next.editMessage (amount, ¢) ;
else GetSubjectDiscussion()._editMessage (amount, c) ;}

Fragment 5 file 2. Implementation of conditionals aontracts rules which are located in XML files be
configured.

public CrdPartnerRules messageEdit_rules(string texto, Student ¢) throws
DiscussionException, CrdExFailure {return new CrdPartnerRules (this);}

The generation of an automatic code through theitqalies having certain knowledge of: Java langyaaspects of
implementation of the Sakai base framework andrr@eworks which form it; and at the same timés important
to have experience in compilation through Sakai &tnand the modified-aggregated classes for contrset This
aspect indicates a possible limitation in applyimg idea which has been proposed in this paper.

6. CONCLUSION

In this paper we have took into account in e-leggrplatforms about the adaptation flexibility degyi@s regards
[10] and [6], that could be inferred by domain extpesers (for example, teachers) to develop effectiidactic
strategies in order to reach planned pedagogiahlirarestigation goals, and that the adaptabilitynod be totally
solved by intelligent adaptation systems (for eximagents, adaptation hypermedia, expert systetni3,

Based on the conceptual framework of Dynamic Hypmeliad Devices for education and research and aisthe
current limitations, we have proposed an impleme@maof a contract coordination theory in a specffamework
about collaborative Web e-learning systems (cooedimg to Sakai project) offering a conceptual and
technological evolving model.

The final objective of this developing proposatasgive effective technological solutions to cotlee necessity of
encouraging education and investigation processisavesponsible interaction among the subjedsdapart in
the DHD social technical net, implementing theusoh in services that strongly depend on ruleshwiblatile
structures and whose conditionals are influermgethe context (i.e “Context identification” devpkd in chapter 5
[1] and keeping Dourish’s context outlines [9]).
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