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CONTEXT-AWARE AND ADAPTABLE
ARCHITECTURE CA 3

Stanimir Stoyanov

Abstract. In the paper some important notions and features of context-aware
and adaptable service provison have been discussed. An approach has been
described which can be used to devel op architectures with the mentioned features.
The abstract architecture AC® and its application for implementing an elLearning
environment have been described as well.
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1. Introduction

Currently, development of context-aware and adepéimvironments, which
deliver electronic services (eServices) in a flexidnd personalized way, is in the
focus of research interest. Such environments eaexamined as combinations of
infrastructure, eServices provision, electronic teah (eContent) and user
experience [1]. The rest of the paper is organiaedollow. Section 2 presents
briefly our concept of context-aware and adaptesevice delivery. Section 3
describes an approach supporting developing ofegbiatware and adaptable
software architectures. Section 4 presents theraabsarchitecture CA A
prototype implementation for eLearning is discusiseskection 5. Finally section 6
concludes the paper.

2. Context-aware and adaptable service provision

As the proposed architecture is concerned with civetext-awareness and
adaptability aspects, it is important to first dlarthese notions. In our
development approach, we adopted the Dey’s defimif2], which stipulates that
“context is any information that can be used torabierize the situation of an
entity”. An entity could be a person, place, orembjthat is considered relevant to
the interaction between a user and an applicatinoluding the user and
application themselves. Context, however, can lbeation, identity, activity, time
etc. We use the Dey’s definition as a basis fothr discussions. In order to
progress this definition as a concept for the @aatf the desired middleware
architecture, we first solidify the definition asepented below. We toned to clearly
differentiate context-awareness from adaptability.

Context-awarenessis the architecture’s ability to identify changes the
environment/context as regards: User's/device'ation (device mobility) — in
some cases this change leads to changing the gasemmunication node; User
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device (iser mobility) — this change offers different options for thevage delivery
to the user. It is essential to monitor for changesthe clients operating
environment (user device capabilities), and tolitate service content adaptation
accordingly; Communication type — depending ondbgent prevailing wireless
network conditions/constraints, the user may etecitilize any one of a variety of
wireless communications protocols; User prefereneeservicepersonalization
may berequired to reflect changes made by the tasdris/her own individual
preferences, e.g., the way the service contentissalized to the user, etc.;
Information environment; Goal-driven sequencindgasks engaged in by the user;
Environmental context issues such as classmategoramstudent/educator
interactions.

The goal ofadaptability is to ensure trouble-free, transparent and adequate
facilitation of user requests for services by tgkimo account the different aspects
of the context mentioned above. In other wordseraitientifying a particular
change in the environment, the middleware mustlide 8 take compensating
actions (counter-measures) such as handover ofseséce sessions from one 1S
to another, reformatting/transcoding of servicetent) service personalization, etc.

Our philosophy is that context-aware and adaptabtgice provision has to
be supported at various levels and in differentetiperiods by externalized
architectural components. In this context any systehich facilitates a context-
aware and adaptable service provision, can be twmdtigh the integration of two
parts [3]: A standardized middleware which is able to detect the dynamic
changes in the environment during the processingsef requests for services
(contextawareness) and correspondingly to ensure their efficient amtglligent
execution &daptability); A set of electronic servicesealizing the functionality of
the application aredsiness functionality), which can be activated and controlled
by the middleware. In our case, the applicatiom &e¢he mLearning domain.

3. Approach

In order to develop an software architecture sujpprcontext-aware and
adaptable service provision an approach has bempoged [4,5]. The approach
uses some basic ideas of Model Driven Architec{MBA) paradigm [6] which
have been adapted and extended for our case. Theaah envisages the
existence of three architectural context-aware addptable levels (Fig. 1.).
Scenarios Level presents the features and specifics of the underlyi
communication infrastructure in the form of diffetescenarios executed for the
provision of eServicesMiddleware Level is an agent-based multi-layered
middleware playing a mediator role between theisesvlevel and the scenarios
level. It offers shared functionality: on one hand;ontains agents needed for the
execution of different scenarios; on the other hahdpecifies a set of agents
assuring the proper provision of services. Theelleould be considered as a
virtual (software) environment for service deploymeThe main goal of the
middleware level is to allow the architecture t@exte/satisfy the user requests in
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a context-aware and adaptable fashafervices Levetepresents and models the
functionality of the delivered services. The seevianctionality is modelled in
UML by taking into account the fact that the seeviealization is not directly
unfolded by the system software but rather is psee by the middleware. That's
why it is very important to present the service aasomposition of smaller
parameterized activities, which could be navigatedifferent way.
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Fig.1. Multi-Layered Approach

There are two types of iterations in our approdely.L.). SV iterations are
relationships between the scenarios level and tidelleware level. During each
SM iteration, new scenarios that present/reflectidar aspects of the possible
states and changes in the environment are develdss way using the
(formalized) presentation of scenarios, all coroegling middleware components
needed for the support of these scenarios are amaelstep by stepelM
iterations are mappings of the services onto the middlewavellevhere the
navigation model and parameterization of serviceae apecified. Besides
relationships the iterations present possible pe@ods and various aspects of the
context-aware and adaptable service provision. Sexaenples of SM iterations:
Basic Architecture - the iteration aims adaptation of the software aechire to
the underlain communication networkjme-based Management -some
important changes in the context during the usesicerequest’s execution can be
detected and identified by the architecture onlyhié temporal aspects of this
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process are taken into consideration. Thus the gjodlis iteration is to develop
concepts and formal models allowing a temporal td@mm of the processes
supported by the middlewarBersonalization -this iteration is concerned with
problems related to strengthening the architecieug, to support personalization.
For instance, in the elLearning domain personaligedarning could be fully
realized only by means of adaptive architecturdmereby the eLearning content is
clearly distinguished from the three models infleiag the learning process — the
user model, the domain model, and the pedagogicdem

The approach has to ensure additional featurekeohichitecture, e.g., user
session management, user request globalizatiooun@ss management, service
integration. In this way additional iterations cde defined, like resource
deployment optimization, intelligent agents withwnabilities (cloning, copying,
mobility). Collaborative context-awareness and #alégn is a challenge too

4. CA® layers

Following the approach described above the®Qras been developed
consisting of three layers (Fig.2.). The first laydiddleware Activation Layer
(MAL) operates as an interface between the arditecand the system software
using in a CA based application. MAL aims at activation of a tiRagent
environment that the middleware can operate in.
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Fig.2. CA®
The middleware consists of two part€ore — contains agents, called
persistent agents, that facilitate the context-emess and adaptability of the
architecture. These agents detect and identify ouari events within the
environment, and dynamically generate other agaedsrdingly, which to process
the execution of the user’s service requeBigiamic part — contains all agents,
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called operative agents, that are dynamically gdpdrin response to the identified
events (changes in the environment). These agemtsresponsible for the
execution of scenarios and controlling the usestgise sessions. After completing
their task, these agents are removed from theryatehitecture.

The third layer Service Interface Layer chooses antivates service(s)
corresponding to the current user request. We @rgdo investigate two service
models which can be supported by £MVeb Services like model the Web
Services are wide used in the current service-tieapplications. However this
model suffers from the lack of their ability to prde constructs and concepts that
enable reasoning about runtime service behaMorg adaptable service models
— in these models services are composed using cifispgon technique that
characterizes ongoing behaviour of the services IfY]these models context-
awareness and adaptation can be enhance evensarviwe level.

5. Prototype implementation

In recent years the interest towards electroniccatitn has been growing
stronger. As a result of that many universitiesehdeveloped and implemented
their own systems for electronic and long-distaadecation. At the Faculty of
Mathematics and Informatics of the University obWRliv a Distributed eLearning
Center (DeLC) has been created. The DelLC infrastregs introduced in various
papers [8,9]. Here the logical structure of theteens described only briefly.
DeLC is presented as a network, which consists efaate nodes, called
eLearning (eLNs). The nodes model real units (latooies, departments, faculties,
colleges, and universities), which offer a comptateartial educational cycle. The
functionality of an eLN is presented as a set adreies. The configuration of the
network edges is such as to enable the accessporation, use and integration of
eServices located on the different eLNs. Electrosecvices are provided by
physically separated servers or by a network ofessr(eLearning Nodes, eLNs),
which may dynamically connect to each other anthfeducational clusters (Fig.
1). Access to services can be either fixed or reoBiemote eService activation
and integration is possible only by means of presiy defined virtual structures.
In the network model we can easily create new 8iras, reorganize or remove
existing structures (the reorganization is doneaosirtual level, it does not affect
the real organization).

In order to investigate workability of the proposagdproach a prototype
implementation of CAis developing for DeLC application. Two eLearnimades
are under construction — a fixed access node im foi education portal and a
mobile access node.

5.1. DeLC Education Portal.The education portal el (Fig.3.) supports a
flexible delivery of teaching materials and eLeagservices [10]. In many of the
existing eLearning systems, the interaction withtdachers is somewhat static — it
is achieved mainly through pre-defined templates ¢boosing information
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resources. The information resources are the eldctequivalent of the traditional
students’ books. Some of the existing systems isehzation and animation for
improving the means of presenting the teaching madge With DeLC portal we
would like to develop an education environment Whgupport an interactive,
proactive and personalized process of education simdulate the students’
creative and innovative thinking and performancer Better perspicuity, the
services included in the current version of thetgdare grouped in the following
modules: eTesting Module, elLectures Module, Plajpnéh Control Module,
Documentation & Statistics Module. The teachingenat is presented according
to the standard SCORM 2004 [11]. The reference mMOSCORM is a set of
interrelated technical standards, specificationd gmidelines developed to meet
the highest requirements for learning content astesns governing the content.
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Fig.3. The Del. C network model

5.2. InfoStation-Based Network An InfoStation-based network [12] is used
as communication infrastructure for creating of tmebile elLearning Node
eLN™"" (Fig.3.). In order to adapt GAo the communication network and due to
device mobility (i.e. moving between geographicatiyermittent InfoStation cells)
and user mobility (i.e. shifting to another moldevice) the following four basic
scenarios are developed [13Ylo change’ scenario —-user doesn’t change his/her
location during service delivergghange of device' scenario- due to the user
mobility, it is entirely possible that during a giee provision, the user may shift to
another mobile devic&hange of InfoStation’ scenario- within the InfoStation
paradigm, the connection between the InfoStatiowswser mobile devices is by
definition geographically intermittent. With a nuerbof InfoStations positioned
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around the University Campus, the users may pasagh a number of InfoStation
cells during the service session. This transitietwieen InfoStation cells must be
completely transparent to the user, ensuring tlee bas apparent un-interrupted
access to the serviceChange of device & InfoStation’ scenario- both
procedures for device change and InfoStation chamgg be considered as
autonomic procedures, independent of each othemcédeach of these may be
executed and completed at any point inside theroprecedure without a
hindrance to it.

The middleware is implemented as a set of coopgratitelligent agents in
order to model adequately the real distributechstfucture, to allow for realization
of distributed control models, to ensure pro-actividdleware behavior and to use
more efficiently and intelligently the informatia®sources spread over different
InfoStations. Moreover, this agent-oriented ardtitee could be easily extended
with new agents (if necessary), which will cooperatith the existing ones and
interact with them by means of a standardized pwodfoe.g. the Agent
Communication Language (ACL) [14]. Communicationween a user mobile
devices and a serving InfoStation could be realimetivo ways: the InfoStation
takes the initiative (the InfoStation’s agents pre-active), or the mobile device
takes the initiative (the Personal Assistant agenpro-active). In [15,16] the
middleware is described in more detail.

6. Conclusion

Formalization of CA is very important in order to develop supporting
intelligent tools for a context-aware and adaptadddivery of eServices. First
results are presented in [17].
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