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Chapter 1
Introduction

The design of Self-con guring Systems that adapt their seiee to dynamically chang-
ing environments is among the main research directions of tanomic computing and
communication. Providing solutions for distributed softvare systems supporting group
communication requires dynamic management of evolving gno membership, and dy-
namic connections of deployment nodes. It also requires dymically distributing soft-
ware entities on remotely interconnected deployment noded~or a number of group
communication-based applications, recon guration antipation is important. In order
to be applicable in di erent situations, designers of suchpplications have to ensure
tractability and scalability of elaborated solutions whenchanging from several to thou-
sands users, nodes, components and services. The particudlass of collaborative
software applications can especially bene t from commurating systems' advanced ca-
pabilities. Collaborative applications are distributed gstems where several users act in
a coordinated manner in order to achieve a common goal. In $suapplications, users
are organized into structured groups where each participamay play a role. Several
tools are provided to users in order to communicate, share caments, and interact in
an e cient manner. Many collaborative applications have ben successfully developed
within the desktop paradigm in di erent domains such as e-krning, engineering, de-
sign, etc. Exploiting features such as context informatignmobility, etc. may enhance
the functionality and usability of collaborative applicatons. The fact that users are
located in the same environment, using personal mobile degs, and are connected
through wireless connections instead of using desktop coumters remotely connected
through the Internet represents a very di erent approach fothe design and use of such
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2 CHAPTER 1. INTRODUCTION

applications. Contextual information can be exploited to dtect potential collaboration
situations between several users and then spontaneouslypose them to join a session
where they can interact together. This implicit way of colldoration di ers from the
classic desktop collaboration where activities are inititad explicitly. Therefore, collab-
oration and even more context-aware collaboration raises\eral promising challenges.
The concept ofcontext is crucial in applications that support collaboration. Inceed, if
a system is able to correctly detect context changes and réac them in an intelligent
way, it will be able to deliver a much richer user experiencdn order to correctly ex-
ploit contextual information, context has to be representg with models that formalize
the considered contextual data. Also, dynamic context dathave to be acquired and
introduced into instances of the available context modelOnce context is acquired, the
system has to react to context changes; this is called adapitan. In the case of collabo-
rative applications, the main objects of adaptation are theollaborative sessions which
are established to support the users' activities, and the ogponents that manage such
sessions. Providing generic and scalable solutions for antated self-recon guration in
group collaboration support systems can be driven by ruleased recon guration poli-
cies. To achieve this goal, we elaborate a dynamic graph-kedsmodelling approach and
we develop structural models that can represent the di erdrinteraction dependencies
from di erent con guration-related point of views: communication ows between the
distributed machines, the networked deployment nodes, anithe service composition.
Our solution is based on graph grammars rewriting. We de nerehitectures as graphs
where vertices correspond to deployment nodes, softwarevéees and their internal
components. Moreover, we provide graph transformation tgscify rules for changing
deployment architecture while being in conformance to an ehnitectural style. Dealing
with dynamically evolving architectures requires at leastlescribing the set of consis-
tent architecture instances. This is mandatory to validatethe management models
and verify architectural constraint preservation GDDO04]. An architecture instance is
considered consistent, if its corresponding descriptionmaph can be generated by a se-
guence of graph grammar productions. Our approach supportsrmal veri cation for
correctness and safety proofs. We implemented a graph retivig system that ensures
automating our approach with a high performance making it tactable for large scale
con gurations. In order to handle the complex design of comuomicating collabora-
tive system architectures and the related adaptation issge we propose a multi-layer
modelling approach. This simpli es the problem by separatig concerns in di erent
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abstraction layers. This approach assures generic solutgfor automatic context aware
adaptation.

Our approach is based on the observation that semantic datanalysis can be ex-
ploited to manage priorities and more generally to manage wnunications. This allows
us to represent, in a richer way, the semantics of the managsgstems. Consequently,
these semantics o er a vector for ensuring interoperabijitbetween interactive and au-
tonomous heterogeneous management entities. They can atdnite to enforce adapt-
ability where they support, by capturing semantics from orgnizational, environmental
and operational viewpoints, the automation of the accom@hment of management
actions on the overall distributed environment. We proposa combined use of both
ontologies and policies to enforce, in a context-aware amach, the adaptive behav-
ior of autonomous management entities. Modelled and ontgizal data are combined
at run time to determine the current context, which policiesare applicable to that
context, and what services and resources should be o ered tisers and applications.
Ontologies have demonstrated their bene ts to support nofdnctional properties, and
to manage QoS in distributed systems. Our ontology for commications not only
describes devices and communications in terms of functidremd non-functional prop-
erties, but also allows to manage priorities of exchanged ssages. This work focuses
on the presentation of the developed ontologies and emphaes the bene cial e ects
of semantic for self-adaptation behaviors. To illustratetie proposed models and their
transformations, we consider a case study of Emergency Respe and Crisis Manage-
ment Systems (ERCMS) involving several cooperating parigants which have di erent
roles and functions. We consider also the case of a Web Sesvigased Applications: the
Foodhop. Using graph grammars, We handle architectural ren guration by de ning
architectures as graphs where vertices correspond to sadte services and their opera-
tions. We use graph transformation to specify rules for depyment architecture changes
(evolutions) while being in accordance with the architectal style

This document is organized as follows. Chapter 2, detailssearch activities dealing
with adaptation and focus on autonomic systems. The concepbf collaboration and
context are detailed. A new approach that focuses on managimecon guration com-
plexity in a runtime environment: \model@runtime" is presated. In the last part, We
focus on context adaptation in collaborative communicatig systems.

Chapter 3, details our modelling approach for collaboraterzcommunicating architec-
tures. This approach de nes abstraction levels to tackle el related problems indepen-
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dently. This separation in levels favours the realizationfa multi-level adaptation, that
takes into account both high level requirements and low leveonstraints. Generic pro-
cedures for re nement and selection are presented in thisapter. Re nement ensures
that lower level models actually implement associated hig level models. Selection
allows choosing a model among a set of candidates at a givevele Ontologies, SWRL
rules, graphs, and graph's grammars are presented. Thesérihandle both transform-
ing a given architecture within the same layer, and architéaral mappings between
di erent layers.

Chapter 4 presents the graph matching and transformation gme that we developed
to implement the graph grammars approach. The ERCMS scenarand the FoodShop
application scenario are presented.

In ERCMS scenario, mobile actors collaborate to manage ergency situations.
We propose three ontologies to model di erent aspects rekd to communication as the
activity, collaboration and context. Adaptation actions ae also proposed for adaptation
in communicating architecture. We presented re nement andelection procedures as
well as examples of external context and of resources corttekanges adaptations.

In the FoodShop scenario, we studied the dynamic recon guian of Service Ori-
ented Architectures for maintaining the Quality of Servicen perturbation-prone envi-
ronments. Our approach uses graph grammar theories to impient rules that charac-
terize the set of the di erent con gurations candidate to séve composite or monolithic
recon guration.

To validate our approach, we conducted an experimental evaltion using our graph
matching and transformation engine, GMTE, and the SWRL ruleexecution engine,
Jess. Our results show that ERCMS participant's resourcegsmain in service as required
for mission achievement thanks to our adaptation approach.

Finally, conclusions to this work are presented and severatsearch perspectives
extending speci ¢ aspects of the present work are identi ed



Chapter 2

Adaptation for Context-Aware
Collaborative Communicating
Systems

Designing and implementing self-adaptive communicating/stems are a complex task.
To handle this complexity, several studies showed the need tay on model-based de-
sign approaches associated with automated management teiues. In the rst part
of this chapter, we detail research activities dealing wittadaptation. In the second
part, we focus on autonomic system and we explain how the recguration issue is
addressed in autonomic computing. After that, we detail theoncepts of collaboration
and context. In next part, we present research activities tht present a new approach:
\model@runtime". These approaches focus on managing reqguration complexity in

a runtime environment. Finally, We focus on adaptation in cllaborative communicat-
ing systems and we emphasis the context adaption solutions.

Adaptation is the operation of making changes to a program oa&n information
system to maintain its functionalities and, if possible, tomprove its performance in
a certain execution environment. In the area of communicatg systems and context-
awareness, adaptation is extended by the concept of adapiiit that characterizes
system's capability to change its behavior to improve its p&rmance or to continue its
role in di erent environments.
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2.1 Adaptation Goals

After developing an information system, di erent reasonsan lead to adaptation. These
reasons can be for corrective, evolutional or perfective gnoses KBC02]:

2.1.1 Corrective Adaptation

In some cases, we can notice that the application does not @@k properly or as ex-
pected. The corrective adaptation is a solution to identifythe application module
that causes the problem and to replace it by a new correct moldu This new module
provides the same functionality as the former.

2.1.2 Evolutional Adaptation

When developing an application, some features are not takémo account. With the
changing needs of the user, the application must be extendedth new features. This
extension can be achieved by adding one or more modules to\pde new features
or modifying existing modules to enrich their functionaliy while keeping the same
application architecture.

2.1.3 Perfective Adaptation

The objective of this kind of adaptation is to improve appliation performance. For
example, we can have a module that receives a lot of requestgldails to meet them.
To avoid system performance degradation, we can duplicateis module to share the
requests with the existing one.

2.2 Objects of Adaptation

Adaptation approaches target many levels of information sgems: User interfaces,
Content, Services, Middleware and Transport.
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2.2.1 User Interface Adaptation

User interface adaptation deals with producing Human-Comyter means that can be
deployed and used on di erent types of terminals while meetg user's preferences. Ma-
jor existing work related to user interface adaptation is bsed on models that describe
the di erent aspects of interaction between humans and maates. These models are
implemented in di erent XML or UML languages like UMLIi [PPOQ] and XIML [ PEOZ)].
These models are used to produce the adequate user interfacde corresponding to the
given XML or UML description. In the existing user interfaceadaptations, we distin-
guish two techniques: User Interface transformations andddr Interface generation. In
the rst technique, the adaptation process starts from a desiption language which is
very close to the user interface code that must be generatetihis solution is adopted to
produce adapted Web pages to di erent terminals starting fsm an XML description.
In this kind of adaptation, style sheets (like XSLT) are usedo specify replacement
rules of XML tags by scripts that can be directly used by the teget device. The second
approach generates user interfaces code starting from ahilgvel description which is
completely independent from the target programming languge of the user interface.
SEFAGI [CL04] is an example of a platform using the generation techniqu® tensure
user interface adaptation.

2.2.2 Service Adaptation

Service-Oriented Architecture (SOA) paradigm is based onydamically publishing and
discovering services. This kind of architectures providabe possibilities to dynami-
cally compose services for adapting applications to contex Service descriptions are
published, via the registry, by service providers and dynaicelly discovered by ser-
vice requesters. There are various implementation techmgjies like COM/ DCOM
(Component Object Model/ Distributed Component Object Mol [Rog97 GG97] of
Microsoft, the EJB (Enterprise Java Beans) MHO0O0, Tho98] of Sun Microsystems, and
CCM (CORBA Component Model) [OMG99] of OMG (Object Management Group).
We can also consider JXTA $TS03 the peer to peer framework or .NET MicO1] of
Microsoft.
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2.2.3 Middleware Adaptation

Other frameworks are proposed to provide adaptability at ta middleware level. In
[NHO4], an adaptive framework for supporting multiple classes ahultimedia services
with di erent QoS requirements in wireless cellular netwdts is proposed. $TS03
proposes CME, a middleware architecture for service adapian based on network
awareness. CME is structured in the form of software platfan which provide network
awareness to applications, and manage network resourcesamadaptive fashion.

2.2.4 Transport Adaptation

At the transport level, [ESDO0J provides frameworks for designing transport protocols
whose internal structure can be modi ed according to the aggation requirements and
network constraints. Adaptation actions correspond to theéeplacement of a processing
module or micro-protocol by another following a plug and plaapproach.

2.2.5 Content Adaptation

The adaptation of multimedia content has been the subject afonsiderable research.
Several techniques for adapting the delivered data to the @is have been proposed.
These techniques are based on textual transformatiori§$S01, [HL96], image transcod-
ing [WAO3], or processing video and audio. One of the major issues imtant adap-
tation is where the decision-making and transformations armade. In the literature,
three general approaches have been proposed according te khcation of adaptation
processing between the source that hosts the content and tileation that requests it:
(i) on the content provider side, (ii) on the requester sideand (iii) at an intermediary
(proxy) between the data source and the client. The contentrpvider-side solutions
have some drawbacks. Indeed, the changes made on the contediuce a calculation
load and consequent resource consumption on the server. dwer, this approach is
very suitable for situations with low variability and low adaptation frequency regarding
the simplicity of its implementation. But it is not reliable for cases where the adapta-
tion is triggered frequently. The content requester-sidepproach is suitable when the
transmission characteristics are less critical than the silay limits of the user device
[NKSB99]. However, the usual complexity of adaptation processingampers the wide
adoption of this approach PAC* 01]. Moreover, the client's terminal usually have lim-
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ited computing capacity, power and storage. When consideg the proxy solution, the

exibility of positioning the adaptation mechanisms on thebest content distribution

point is a major advantage compared to the other approachegrpvider and content
sides). However, the proxy must be a trusted party by the prader and the requester of
the content. In addition, the third party may charge for the rvice it provides and the
resources it employs to perform the adaptation for the recer. Therefore, accounting
mechanisms should be incorporated in the proxy solution irrader to keep track of the
amount of resources utilized and the usage of data.

2.3 Model Based Adaptation Approaches

There are many relevant contributions concerning system @ritecture adaptation. This
kind of approaches uses model-based strategies to apply trecessary transformations
on the systems architecture to adapt it to environment and rguirement changes. These
strategies de ne or reuse models describing the system sadte architectures. These
models are also known as ADLs (Architecture description lguages). We distinguish
between three general ADL types: formal ADLs like graph gramars HIM98] and
Petri nets [Mur89], semantic ADLs using ontologiesqPM™* 07] and technical ADLs us-
ing XML deployment languages [PvdHTO02]. The technical ADLs can be proprietary
or implementing the formal and the semantic ADLs. These ADLsre used to guar-
antee the architectural evolution and correctness duringhe di erent predictable and
unpredictable changes in the system's environment. The ressary actions to achieve
such adaptations are speci ed using rules according to th@plication runtime context.
[CLCO7] is an example of these approaches de ning a complete modelsbd architec-
ture adaptation at the service, content and user interfaceelels. CGD* 06| presents
another model based method using graph grammars to adapt gmrative information
systems to situation changes at the communication level.

2.4  Autonomic Computing

Managing autonomic systems should consider abstractionvéds. More precisely , it
has to be managed in a coordinated manner both within and beéen these abstraction
levels. Distinguishing these abstraction levels allows signers and developers to master
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speci cation and implementation of adaptation rules. The atonomic concept and
systems suggested in the literature are de ned in various ws. In our study, we target
the solutions given within and between di erent levels.

2.4.1 Basic concepts of autonomic computing

In this section, we present research activities that focusnothe need of autonomic
computing; and the rst concepts are introduced. They pres# the autonomic control
loop in detail. For IBM in [ KCO03], Autonomic computing systems are those systems that
automatically manage themselves by carrying out tasks thatave been traditionally
performed by computer specialists. The self-managementsies are well de ned. Self-
optimization is the ability of the system to optimize the useof resources. Self-healing
is the ability of the system to detect faulty behavior, and pdorm self-repair. Self-
con guration is the capacity of the system to change its streture and behavior. Finally,
self-protection is the ability of the system to detect intrsions, policy violation, etc. and
recover from them.

In [IBMOG6], the internal functional architecture of an Autonomic Elenent was in-
troduced. This architecture is composed of a number of furiohal modules that enable
the expected autonomic behavior through a set of autonomigerations. The auto-
nomic operations are achieved using a self-adjusting cooitioop. Inputs to the control
loop consist of various status signals from the system or cponent being controlled,
along with policy-driven management rules that orchestra the behavior of the sys-
tem or component. Outputs are commands to the system or compents to adjust its
operation, along with messages to other autonomic elements

In [DDF* 0€], the authors present a survey of the state of research in aurtomic
communications and present the autonomic control loop foretwork communication.
They address the ve interlinked perspectives of the desigand analysis of decentralized
algorithms; the modelling, handling and use of context, n@ and extended program-
ming approaches; issues and approaches for addressing réigcand trust; and systems
evaluation and testing. Several challenges are presentedthis work, such as interac-
tion with stranger, information re ection and collection, lack of centralized goals and
control, meaningful adaptation, cooperative behavior inte face of competition, hetero-
geneous services and semantics. They match these challsnggainst the cross-cutting
issues and show the technical ideas emerging from each issteen addressing each
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challenge.

2.4.2 Network level

In this section, we present some research activities that msider the network's point
of view of autonomic computing. The work presented invfiMDS" 0€], explains Au-
tonomic Network de nition in more detail, links it to the foundational principles of
architecture for Autonomic Network Management, and provids guidance on how to
develop speci cations and best practices for building Auttomic Communication Sys-
tems. The purposes of this paper are: rstly, to de ne requied terminology necessary
to support the realization of an Autonomic Communications Famework. Secondly,
to de ne a exible framework that can be used as the foundatio of autonomic net-
work management. Finally, and to de ne how this framework ca be used to build
Autonomic Communications Environments. This paper focuseon four research areas
that, in combination, de ne the foundations of autonomic névork management: Mod-
elling and Knowledge Engineering for Autonomic Network Maagement; Automating
Network Con guration via Model-Centred Policy Analysis ard Deployment; Network
Algorithms and Processes; Architecture and Methodologyfédutonomic Network Man-
agement.

The work presented in ABB * 06] gives an overview of the di erent architectures that
support the design, implementation and deployment of aut@mic systems. This paper
presents the issues related to the design, implementationc&deployment of autonomic
networks. It focuses on the autonomic-management approash Authors present the
motivation behind the emergence of autonomic, self-manafysystems and the required
features of such architectures. Then, they propose di erémrchitectures. In addition,
they discuss the complexity related to the autonomic informtion modelling and the
autonomic behavior. Moreover, they present the potential fabio-inspired techniques
and compare it with autonomic concepts.

The work presented in MHSCO04], examines the trends in next-generation wireless
access networks that will lead to a signi cant increase of #hcosts associated with the
deployment and con guration of such networks. The authorsnopose, the concept of a
self-deploying, self-con guring radio access network t@solve these issues. They pro-
pose algorithms from economic theory, ecology/populatiogrowth models, or cellular
automata. An example, taken from the eld of cellular automéa for a radio network



12 CHAPTER 2. ADAPTATION FOR CONTEXT-AWARE FOR CCS

capable of self-adaptation to achieve universal coveragea simpli ed environment was
examined.

In [XBO5], the authors present a mechanism for QoS-aware service @msition and
adaptation of end-to-end network service for autonomic camunication. They intro-
duce a service provisioning framework based on the autonangommunication princi-
ple, covering a number of essential functions: domain dis@wy, domain reacheability,
composition, cross-domain contracting, intra-domain prasioning, domain-wide mon-
itoring, and adaptation. Through domain graph abstraction they reduce the domain
composition and adaptation problem to the classic-multiawstrained optimal path prob-
lem. They develop a set of new algorithms for QoS-aware s&eicomposition and
adaptation. Their composition algorithm nds a series of cosecutive domains span-
ning end-to-end and select appropriate service class in batomain such that the overall
QoS requirements are satis ed. The algorithm also minimizethe overall cost of the
path. As the network condition changes over time or as the usebams across domains,
the adaptation algorithm ensures that the QoS requirementsf the communication
path are respected as long as it is feasible to do so, while imiizing the cost of such
adjustments. Together, these algorithms are designed topaort self-con guration, self-
optimization, and self-adaptation of network communicatin services. They address the
service provisioning problem at the domain level; the algibinms can function over het-
erogeneous intra-domain provisioning mechanisms, and reamportantly, provide hard
end-to-end QoS guarantees over \soft" intra-domain QoS semes.

2.4.3 Application level with Agents

In this section we focus on research activities that consida Multi-Agent approach for
autonomic systems. The work presented inY07b], describes a Multi-Agent approach
to the modelling and design of Collaborative Ubiquitous Envonments. These environ-
ments support collaboration among persons in a context of iguitous computing. In
particular, the paper shows how research in the topic of MulAgent Systems environ-
ment has provided both modelling abstractions and concreteomputational supports
for the analysis, design and engineering of Collaborativebiduitous Environments. In
particular, the Multilayered Multi-Agent Situated System model was applied to repre-
sent and to manage several types of awareness informatioro{b physical and logical
contextual information) which is an essential part of a Coélborative Ubiquitous En-
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vironment. This work di ers from other existing proposals hat employ agents and
agent-based infrastructures simply as a middleware for thaesign and implementation
of pervasive computing systems. The authors also present elestion of the available
platforms developed in this context and discuss their suikality to support the devel-
opment of Collaborative Ubiquitous Environments.

The work presented in JI07] begins by discussing some of the general issues of
complex systems and explains why the agent-based approastattractive. The article
investigates the application of multilevel hypernetworksn team robotics as an example
of a complex interaction-based system. The authors show hdwpernetworks can
represent multilevel relational dynamics by the in-depth malysis of a robot soccer
simulation game. They have sketched a mathematical formain for representing, the
relational structure between agents.

2.4.4 Frameworks and architectural proposals

In [LPO6], the authors present the Accord programming framework thiaextends ex-
isting programming models/frameworks to support the devepment of autonomic ap-
plications in wide area distributed environments. The frarework was built on the
separation of the composition aspects (e.g., organizatiomteraction, and coordina-
tion) of elements from their computational behaviors that anderlies the component and
service based paradigm, and extends it to enable the comptitanal behaviors of object-
s/components/services as well as their organizations, ittactions, and coordination to
be managed at runtime using high level rules. The operatior the proposed framework
is illustrated using a forest re management application.

In [YYFOQO], the authors present The NESTOR system. The NESTOR systenda
dresses the needs of network management automation and ohmiizing the manage-
ment of small home networks due to limited resources. The NESR system combines
several techniques from object modelling, constraint sy@ins, active databases, and
distributed systems. In the NESTOR system, managers operbn an uni ed object-
relationship model of the network using a rich set of operatns that support rollback
and/or recovery of operational con guration states. Decleative constraints prevent
the known con guration inconsistencies, and in conjunctio with policy scripts may
automatically propagate changes to maintain consistencyrotocol proxies are used to
provide much of this functionality with little or no changesin the network clients. A
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protocol for replication and distribution of the directory assures availability and op-
erational e ciency. Other research activities try to analysis Autonomic Computing
Systems.

The work presented in Lit07], investigates performance analysis techniques used by
an autonomic manager. It looks at the complexity of the worklads and presents algo-
rithms for computing the bounds of performance metrics foristributed systems under
asymptotic and nonasymptotic conditions, with saturated ad nonsaturated resources.
The techniques used are hybrid, making use of performancealkation and linear and
nonlinear programming models. The authors treat autonomitansactional distributed
systems. The system is modelled with a Queuing Network Model

2.5 \"Models@runtime"

Other research activities address problems related to theanagement of huge infor-
mation associated with runtime situations in self-adaptig software. A new approach
to manage complexity in runtime environments is referred agnodels@runtime”. A
\model@runtime is a causally connected self-representati of the associated system
that emphasizes the structure, behavior, or goals of the sgsn from a problem space
perspective." as de ned in BBF09].

Authors in [MBJ™ 09], present an approach for specifying and executing dynaralty
adaptive software systems. This approach combines modelven and aspect-oriented
techniques. This work, which is a part of the EU-ICT DiVA project (Dynamic Vari-
ability in complex, Adaptive systems), addresses two draveltks related to adaptation
and evolution management by using software models at runtienas well as at design
time. The authors intend to tram the explosion in the number bartefacts considered.

The authors in [Mao09 present model-based traces as runtime models and traces
analysis methods. They focus on the scenario-based trace aasuntime model and
on the metrics and operators to analyze it. They illustrate heir proposed methods
using di erent application scenarios. The syntax and semaigs of various types of the
model-based traces in this work are not formally de ned.

Authors in [GvdHTO9] provide operations control center through an adaptive visn
in which human users can understand and manage software gysis at runtime. Their
approach, entitled \architectural runtime con guration management”, creates a model
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that captures an adaptive system's con gurations and corgponding behaviors and
organizes them in a historical graph of con gurations.

2.6 Collaboration

Collaborative activities belong to the Computer SupportedCollaborative Work
(CSCW) domain [CS99 that started in the 90s. CSCW emerges from four main do-
mains:

Social sciences (sociology, organization theories) takea account the people, the
organizational structures, the group e ciency, and their kene ts or disadvantages;

Cognitive sciences (distributed arti cial intelligence)with interpretation of data
semantics, planning and assistance for realizing commorsks;

Human-machine interfaces, for designing multiuser inteates;

Distributed computing science (distributed systems and meorking) for informa-
tion storage, transfer and exchange.

Collaborative activities involve users organized within gups that communicate and
act in a coordinated manner for achieving a common godGR91, KK88]. This class
of applications is the most general one that can be considdre It generalizes the
particular case of a single user interacting with a set of peasive devices and services,
classically considered in communicating systems. In our W more general interactions
are considered: user-environment, user-user and/or uggieup interactions.

2.7 Context

It is well-known that the concept of context plays a central ole in communicating
systems. Since it is a complex concept, there are almost asnyale nitions of context
as research projects dealing with it.

2.7.1 De nition

From the adaptation point of view, a de nition of context mug take into account any
information that, in case of change, is likely to change anyspect of the application.
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This information should consider a variety of elements suchs technical and commu-
nicational data, and social aspects of the user's behaviolt should also enhance the
development of context-aware applications. Mobility and @laboration modes of en-
tities implied in the applications are specially importantin communicating systems
environments. Indeed, users can move as well in space as mdj and the concept of
context must take these changes into account. Moreover, weaust consider that devices
may be embedded and able to move geographically. Let us calesithe de nition of
Dey et al. [ADB* 99: \Context is any information that can be used to characterizéhe
situation of an entity. An entity is a person, place, or objdcthat is considered relevant
to the interaction between a user and an application, incluty the user and applications
themselves."

This de nition simpli es the task of enumerating the contex parameters of a given
application scenario for application developers. If a piecof information can be used
to characterize the situation of a participant in an interation, then that information
is a part of the context. Although, this de nition is missing a generalization of the
notion of user that we will call M. Where M can be a user, a machine or device
(including smart sensors, laptops, etc.) or any entity inciding a service or software
component. Moreover, mobility of entities is also missingdm the de nition above.
Physical location is a parameter that can characterize theoatext of an entity. When
the entity is moving, for example a user travelling in a car om a bus, this parameter
is not static. Moreover the motion itself is also a parameteof the context, and it can
be de ned by its origin, destination and speed (and in some sas its orientation). This
leads us to a new de nition of context that we proposetContext is any information that
can be used to characterize the situation of an entity M. M cdre a person, a machine
or any object including a service, a software component, oat, that is considered
relevant to the interaction between any entities. Any engitM can be in motion within
space and time, and can be transformed to become a new erititf.he transformation
of entities means that for example an architecture of an apphtion can change to be
adapted to a new set of context parameters, in a manner that éhapplication is not
the same after change.
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| Data | category | Examples
Identity user
Spacial physical location, orientation, speed
Temporal physical date, time of day, season
Environmental || physical temperature, light, noise
Social user people nearby, activity, calendar
Resources computing | CPU, RAM, battery
Physiological user blood pressure, heart rate
Resources network bandwidth, throughput

Table 2.1: Examples of Contextual Data

2.7.2 Taxonomy of the Contextual Data

Taxonomies of context provide a classi cation of contextdadata. They may be useful
for application designers in order to decide the most relematypes of contextual data
that will be considered in their applications. General taxnomies divide context into
two levels. The rst level is composed of a set of four primarparameters: location,
identity, time, and activity. These parameters characterde the situation of a particular
entity. The secondary level of context parameters has a conom characteristic: they
can be indexed by the rst level parameters. For instance, aser's music preferences is
a piece of secondary context because it can be obtained byngsthe user's identity as
an index into an information space like a musical database.

Schilit [SAW94] divides primary context into three main categories: comging
context, user context and physical context. Some example$ abntextual data of each
category can be found in Table2.1 In the rest of this work, we will use a similar
classi cation: external context(i.e. groups, user, and physical context) andesources
context (equivalent to computing and network context). External cotext contains
information about the users, their location, time, the colborative activity itself, etc.
It is application-dependant since each application will bénterested in di erent aspects
of these external parameters. This context is captured witBensors that detect physical
information and translate it into exploitable data. Resouces context describes the
processing and communication resources available on degi@and communication links,
e.g., memory, CPU load, battery level, bandwidth between t nodes, etc. The level
of each resource can be directly captured on each device tigh the use of internal
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monitors.

2.7.3 Context-Awareness

The main motivation of Context-Awareness is making compute more aware of the
physical and social worlds we live in and of the available resrces and breaking com-
puters out of the box. This is based on several assumptions:

explicit input/output is rather slow, intrusive, and requiring user attention;
the input/output loop between the box and the user is sequerdl.

The main objectives of Context-Awareness are to move awayfn the black box model
into context-sensitivity where human is out-of-the-loop &s much as possible) and to
reduce explicit interaction as much as possible. The mainipciple is to let computer
systems sense automatically, remember history of interagh, adapt to changing sit-
uations, and reduce explicit interaction. One needs to draw boundary around the
system under consideration and to de neexplicit and implicit interactions. The con-
cept of Context-Awareness characterizes the capacity of gssem to be adapted to the
changes of the context. According to Dey and Abowd, a systers sensitive to the
context if it uses the context to provide relevant informaton and services for the user,
where the relevance depends on the task required by the usebB * 99]. Context-aware
applications are classi ed into three categories accordjnto whether a context change
implies a simple presentation of the changes, it implies thexecution of adapted services
or it implies speci ¢ storage of adapted dataChaO7.

2.7.4 Challenges

As seen insubsection 2.7.2and subsection 2.7.3Context and Context-Awareness re-
search elds may enable the transition towards real implenmeations of communicating
systems. However, there are still many issues that need to balved. We cite here some
of them:

Existence of general frameworks instead of using ad-hoc, application-specic
context models and implementations, it would be desirableot have common
frameworks that can be used by any application. However, ainted by Ed-
wards [EdwO05, building such a framework is a very dicult task, because he
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use and meaning of context is evolving, uid and ambiguous dnit is very di -
cult to predict all of the facets of context that will be meanngful to people and
applications.

Reasoning about contextit is necessary to have high-level abstract information
about context that aggregates raw context data, so reasomgns necessary in order
to correctly interpret this data. For example, if the systemwants to know if two
persons are at the same place, should it consider their GPSoedinates, although
they are in the same city, in the same building, in the same row?

Acquisition of contextual data some context parameters are easy to acquire, e.g.,
position or temperature. But how to acquire information abat physiological or
social context?

Scalability of context acquisition and reasoning infrastructures, dier in terms of
the volume of processed data and/or in terms of the number o@igported client
applications.

2.8 Adaptation in Collaborative Communicating
Systems

In this section, some of the challenges in context adaptatidor collaborative communi-
cating systems are highlighted. Adaptation is the operatioof making run-time changes
to a software component or system in order to optimize its fustionalities and perfor-
mance in a certain execution environment. About adaptabtl, which is de ned as
the capability of a system to perform adaptation actions, Sganarayanan says $at01]:
\adaptability is necessary when there is a signi cant dispdy between a resource's sup-
ply and demand."”

2.8.1 Classi cation

The adaptation solutions suggested in the literature can belassi ed as follows.
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2.8.1.1 Design vs Runtime

Two di erent adaptability views may be distinguished: the design time adaptability
[DKO4, FHOO, EBPO1] and the runtime adaptability [CKOO, BLNS06]. For the rst
view, we can nd design support tools which handle the applation development cycle
and optimizes the resources for example. On the other handjet runtime adaptabil-
ity [FDBCOQ] presents several adaptation techniqgues among which useoxy services,
change model of interaction and reorganize application sicture.

2.8.1.2 Local vs Distributed

Adaptation may have a local or a distributed scope. Adaptivecomponents can be
deployed on a single machine or distributed on several machs. In the rst case,
the adaptation is local and only local changes are performedn the second case, it
is distributed and synchronization problems between peedaptive entities have to be
managed Bri01].

2.8.1.3 Behavioral vs Architectural

The adaptation solutions suggested in the literature distiguish behavioral and archi-
tectural aspects. The adaptation is behavioral (or algoritmic) when the behavior of
the adaptive service can be modi ed, without modifying its sucture. Standard proto-
cols such as TCP and speci ¢ protocols such as those presehte [WHZ* 01, OBAA04]
provide behavior-based adaptation mechanisms. Behavibr@adaptation is easy to im-
plement but limits the adaptability properties. The adaptdion is architectural when
the service composition can be modi edlEE00, GP95, EHP* 96] dynamically. In self-
adaptive applications, components are created and conned{ or removed and discon-
nected during execution. The architectural changes respadro constraints related to
the execution context involving, for example, variations focommunication networks and
processing resources. Moreover, they may also respond tquieement evolution in the
supported activities involving, for example, mobility of sers and cooperation structure
modi cation.

We focus onarchitectural adaptation as it is the most common way of achieving soft-
ware adaptation. As it has been pointed above, in the case afchitectural adaptation
the object of the adaptationwhat is adapted) is the system's software: the set of compo-
nents present in the system and the way they are interconnext. Since communicating
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systems are a special case of distributed systems, the comgats may be deployed on
di erent nodes(devices) that are interconnected over a network. Therefer the com-
ponent deployment and interconnection schema becomes thaimobject of adaptation
in such systems. In the particular case of collaborative ggsns, this deployment is
needed for establishing multimedia sessions between therssin order to support their
collaboration. Therefore, the main adaptation actions in &ollaborative communicating
systems involve component (re)deployments and/or ow (reon gurations. For exam-
ple, if a new user enters a group and audio is needed for him tollaborate with the
other members of the group, then araudio componentmust be deployed on his ma-
chine and anaudio ow must be set up between this component and the components
deployed on the devices of the other participants, so they c@ommunicate. Thetrigger
of adaptationis the evolution of the context in which the application is egcuted. Adap-
tation to the resources context must be performed in order toptimize the utilization of
resources in a constrained environment. For example, thear's personal devices have
limited computation power so applications have to reduce #ir CPU consumption in
order to allow the parallel execution of other applicationsBattery is a critical resource
in a mobile environment, so the deployment of software ardbctures must be adapted
to the level of available battery on each device (e.g., deplthe most battery-consuming
components on devices having the higher battery level). Aggation to external context
is crucial in order to provide users with a satisfactory seree. It represents the main
di erence of communicating systems with respect to classaesktop systems.

In the case of collaborative activities, it may be very usefun order to detect po-
tential collaboration situations and then spontaneously pose a collaborative session
interesting for users. Once the collaboration is initiatedexternal contextual informa-
tion may be also useful in order to organize the collaboratoinside the group e.g.,
it can help to automatically decide in which group a user shad participate, assign
roles to users, etc. This twofold context can be viewed as axmf high-level require-
ments and low-level constraints. It may be di cult to conciliate these two aspects of
adaptation because they may be more or less orthogonal or Bveontradictory. Lay-
ered software architectures may be able to take into accouatiaptation actions needed
in di erent layers. However, as pointed by SatyanarayananMah04], this conciliation
of layering and adaptation is very di cult to achieve and remains an open question.
Some modelling e ort is required in this area in order to prode guidelines helping to
structure software communicating systems. Therefore, ored the main challenges of
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collaborative communicating systems is to correctly handladaptation with respect to
changes in several levels of context.

2.9 Survey of Solutions for Context Adaptation in
Collaborative Communicating Systems

This section describes several major research activitiebaut context adaptation for
communicating systems. The majority of these solutions asdeal with some aspects
of collaboration. However, in our opinion, very few resedrcctivities treat speci cally
the problem of providing tools for building context-aware allaborative applications
for communicating systems environments. The survey fociss®n handling context
adaptation and the role that collaboration plays in the systm. Related work has
been classi ed into three subsections in accordance withehfacets highlighted in the
description: model, architecture or platform.

2.9.1 Model

Becker and GieseBGO08] present an approach based on graph transformation technies
coupled with UML stereotypes in order to model self-adaptes systems. Adaptation,
which is performed at run-time, is decomposed into three lels: goal management,
change management and component control. However, in thip@oach, context and
collaboration are not explicitly modelled. Edwards Edw09 presents a system named
Intermezzo that enables the construction of applications aking use of rich, layered
interpretations of context. It provides a context data stoe and an integrated noti ca-
tion service. This system is collaboration-oriented; coaktual information is structured
through activities, that represent the use of resources (e.g., documents) maaeusers
of the system. The underlying context model is very rich andehls with problems such
asambiguity, identity, evolution and equality of contextual data, providing solutions for
each one of them. However, the case of low-level resourcestext is not considered.
This work represents a great e ort in providing a context inbrmation service for collab-
orative communicating applications. Adaptation to contex changes is not considered
within the framework: it is up to applications using the franework to react to these
changes in order to provide a better service.



2.9. SOLUTIONS FOR CONTEXT ADAPTATION IN CCS 23

Padovitz et al. [PLZ08] present a context model and reasoning approach developed
with concepts from the state-space model, which describesntext and situations as
geometrical structures in a multidimensional space. A coext algebra based on this
model is also presented. This work shows how merging di ertepoints of view over
context enhances the global context reasoning process. Taethors provide a model
(named Context Spaces) that uni es the context views of di eent entities into a single
context representation. Based on this model, they presenhapproach to reason about
situations under uncertainty. They expand this model by desoping Context Spaces
algebra, which comprises operators that allow merging theepspectives of di erent
entities in the pervasive environment. A multiagent systenms used to enable distributed
reasoning about the context. The cooperative aspect on thigrk focuses on migration,
modelling and reasoning, partitioning, and merging contéxiescriptions between agents
for attaining optimal reasoning and context awareness. Tiefore, collaboration is a tool
for performing these tasks, but as in the previous case, higgvel human collaboration
is not considered.

2.9.2 Architecture

Zhang et al. ZLLO7] propose an adaptive model infrastructure for pervasive ogputing
environments. They propose three adaptive layers: adapévcollaboration, adaptive
middleware and adaptive services layers. Adaptive collataiion layer provides a ser-
vice cooperation platform in dynamic environments. Adaptie middleware layer is a
self-recon guring layer that provides an optimized unifom high-level interface for imple-
mentation of distributed applications. The adaptive serves layer provides an adaptive
contents service and adaptive user interfaces. Using thisoatel, the approach makes
environmental changes invisible to collaboration among gfications and users. From
the architectural point of view, this work is similar to ours as it de nes three layers.
However, collaboration in this work is limited to the collalwration between services to
adapt contents to the user interface. This adaptation is péormed according to user
preferences and environment; it does not take into accountser collaboration. The
middleware is implemented on top of CORBA. It uses re ectiortechniques to bene t
from the Object Repository Broker of CORBA to make this layerself adaptive.
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2.9.3 Platform

Ejigu et al. [ESBO7 propose a collaborative context-aware service platformamed
CoCA. This platform is data-independent and it may be used focontext-aware ap-
plication development in pervasive computing. It performgeasoning and decisions
based on context data and domain-based policies using omgies. Data are organized
into a generic context management model. The platform intduces a neighborhood
collaboration mechanism to facilitate peer collaboratiotetween the pervasive devices
in order to share their resources. The generic context maremgent modelling deals
with the way the context data are collected, organized, repsented, stored, and pre-
sented. The collaborative context-aware service interpie and aggregates the level of
context values and performs reasoning about the context. Pending on this reason-
ing, decisions are taken about the actions to be triggeredn khis work, collaboration
is used between devices in order to enhance the achievememmtext data acquisition.

It is quite di erent of our work because the collaborative agect is used as a means of
acquiring context data and reasoning about it, but human, we-to-user collaboration
is not considered.

Lee et al. [LJP*06] present the project Celadon in order to establish an infras
tructure enabling on-demand collaboration between hetegeneous mobile devices and
environmental devices. Celadon project is a middleware &itecture for ubiquitous de-
vice collaboration. Collaborative environments are orgared into Celadon zones, which
are public areas equipped with wireless access points fochiaologies such as Bluetooth
or 802.11, and with environmental devices, such as displaysinters and servers. Using
SOA, OSGi and Web Services, this infrastructure provides iséce discovery, description
and binding functions, collaborative session managemeiat)d association management.
Collaboration in this work is limited to sharing hardware orsoftware resources. Sessions
are de ned as a group of devices, and they are used to manage #haring of resources.
The context considered in this work is the user context.

The Conami middleware FNBSO07] is a Collaboration-based Content Adaptation
Middleware for dynamic pervasive computing environments.The authors consider
the case of Mobile Ad hoc Networks (MANETs). The middleware I[lbws devices in
MANETS s to collaborate with each other to perform content adatation. Content adap-
tation is derived from the context of the user and the user eimonment (e.g., user's
preferences, device's characteristics) and is done by camsmg available nearby ser-
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vices. The middleware implements a content adaptation treeonstruction algorithm
to consider the dynamicity of services. In this work, collatration is considered as a
technique to adapt the content according to the devices' capilities. The considered
contents include user preferences and device charactadst The context is used by an
Adaptation Decision Engine that chooses the services whighill perform content adap-
tation. This middleware only handles content adaptation; echitectural adaptation and
component deployment are not considered.

Perich et al. [PJYFO5] present the design and implementation of a Collaborative
Query Processing protocol that enables devices in pervasigomputing environments
to locate data sources, and obtain data that match their quégs. The features of the
protocol enable devices, regardless their limited compaoti, memory, and battery re-
sources, to collaborate with other devices in order to obtaian answer for their queries.
The presented approach deals mainly with low level contextgpameters. Information
describing location, time, identity and the current user ativity are also used. This al-
lows a device to predict what information the user will needBased on that prediction,
a device adapts its strategies for querying its neighbor diees, caching of data, and col-
laborative processing. Collaboration in this work is limied to sharing information and
resources to deal with the lack of devices' capacity; userliatoration is not considered.

2.10 Discussion

The majority of the presented research activities consideollaboration as a way to pro-
vide a better use of resources (hardware or software). Thisl@aboration is performed
among several components of the system. Therefore, higkde end-user collaboration,
and the tools that support it are not considered. In our workgollaboration is consid-
ered as a rst-class activity that requires special supporand that may benet from
the potentialities of communicating systems. The presenderesearch activities tackle
the adaptation to the context in di erent ways. In general, they focus either on the re-
sources context (low-level) or the user context (high-lel)e In our work, both contexts,
and their mutual in uence, are considered. Each one is progssed at a di erent level,
and the transformations between levels merge requiremeritem the upper level with
constraints from the lower level. The variety of the solutias in the literature underline
the need to provide tools, models and techniques to build ap@tion in collaborative
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communicating systems. In this chapter, we synthesize theends and outcomes of
collaborative computing, with respect to the evolution of emputing devices. From
desktop-based group-aware applications, collaborativeormputing has evolved to be
built over numerous hidden devices, xed and/or nomadic, ashhighly heterogeneous in
terms of computing and communicating capabilities. Desigapproaches have evolved
to take into account these important changes. The complexitincrease has been tack-
led by introducing context adaptation approaches, able towgomatically integrate the
presence of numerous, dynamic, highly heterogeneous, ammhmadic devices. Group
sessions have evolved by introducing higher-level modedi approaches, able to handle
group intention, and to instantiate implicit sessions thraigh high-level rules. Hence,
in the near future, the daily environment will transparently react to contextual infor-
mation and needs. New interactive collaborative activitie will emerge from these rich
communicating environments. However, several researchatitions have to be pursued.
Handling context remains a central and complex problem. Inuy opinion, a unied
framework has to be proposed to use more e ectively this camtt information. This
framework should lay on semantic technologies that are aktle capture high-level inten-
tions. All these propositions de ne important challengesd be explored in the coming
years.



Chapter 3
Proposed Approach

In this chapter, our modelling approach for collaborative @ammunicating architectures
is presented. This approach separates di erent concernstanassociated abstraction
levels to enable a clear encapsulation of problems in di erelevels to tackle them inde-
pendently. Low level details are abstracted for higher lelge and therefore complexity
is reduced, thus achieving a clear and coherent design. Maver, this separation in
levels favours the realization of a multi-level adaptationthat takes into account both
high level requirements (related to human activities) anddw level constraints (related
to real implementations). Adaptation actions are more e etive if they take into ac-
count data from several levels. Generic procedures for rement and selection (that
enable transitions between levels) are presented in thisagter. Re nement ensures
that lower level models actually implement associated high level models. Selection
allows choosing a model among a set of candidates at a givevele The chosen model
is optimal with regard to the current context and to a given pdicy.

3.1 Generic Modelling Approach

In the following, we present the model that we use in our appach. We provide generic
level models and generic procedures for re nement and s¢iec. Then, we mention
the implementation in detail using OWL and graphs for modeland rule oriented tech-
niques, such as SWRL and graph grammar productions, for reement and selection.

27
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Figure 3.1: Multi-level Architecture Modelling

3.1.1 Multi-level Architecture Modelling

In our approach, models represent architectural con guraons, i.e. sets of linked soft-
ware entities. An architectural con guration is denotedA,.i, wheren is the considered
abstraction level andi is the sequence order (i.e. an architectur®&,.; evolves toA,;+1
when it is recon gured). For a given architectural con guraion A, at level n, multiple

Figure 6.1).

Adapting the architecture to constraint changes at leveh 1 by switching among
these multiple architectural con gurations maintains then-level architectural con gu-
ration unchanged. Moreover, when adaptation requires chges at leveln, this may
need no changes at level 1. This happens if the initial and the new architectural
con gurations of leveln (e.g. Ani and Aq.i+1 in the Figure 6.1) share common imple-
mentations (e.g.A, 1j::An 14) atleveln 1.

This adaptation technique requires two di erent actions:re nement and selection

con gurations that implement a givenn-level architectural con guration A,;. Selection
chooses the retained appropriate con guration among all gsible architectural con g-
urations at a given level. These two actions are explained the following subsection.

3.1.2 Generic Re nement and Selection Procedures

A re nement associates a high level architectural con gurton with a set of lower
level architectural con gurations. A generic re nement pocedure calledRefine() (see
Table 3.1) is considered. For a given architectural con gurationA,.; at level n, the
procedure computes the sefl ;. This set represents all possible architectural con g-
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urations at leveln 1 that implement A;.

f
Let A, be the set of configurations at level n
Let A, ; be the set of configurations at level n 1
Let Ani 2 Ay, 12 N be a given configuration
ComputeAn 1= fAn 15 2 A0 1

such that: A, 1; implements Api;j 2 Ng

1
2
3
4
6
7

89

Table 3.1: Generic Re nement Procedure

Given a set of possible architectures, it is necessary to dsg an architecture to
be e ectively deployed. We present here a procedur&elect() (seeTable 3.2, that
allows choosing an architecture depending on several paraters. This procedure uses
the resources context (e.g. variations of communication twerks and processing re-
sources) to eliminate the architectural con gurations th& can not be deployed within
the current resources levels. Among the set of selected atebtures, the best con g-
uration with respect to architectural characteristics (eg. number of components) is
selected. The choice of an architecture must take into acaaiLthe resources context at
rst. The Context_Adaptation() function (seeTable 3.2 line 5) is a generic function
that depends on the resources context. For example, it cangess the availability level
of a given resource (bandwidth, memory, energy, etc.). Thisinction is used for two
purposes: rst, it allows discarding architectures that canot be deployed within the
current resources context. Second, it allows selecting tlaechitectures best adapted to
that context. This function assigns a value to a given archéicture depending on its
degree of adaptation to the current context. If the architetre is not compatible with
the current context, its value will be 1. Otherwise, it will receive a positive value.
Best suited architectures will receive higher values. Wheseveral architectures have the
same value ofContext _Adaptation() , a policy (indicated by the parameterPolicy ) is
used by theSelect() procedure in order to retain the optimal con guration. If the cho-
sen policy isWeight, the selection is based on minimizing the functioispersion()
(seeTable 3.2 line 8). This generic function corresponds to the cost or éhe cien-
cy/performance of an architecture. For instance, it may be @ned as the number of
software components deployed per node. If the chosen polisyDistance , the selection
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Select(Policy)
f
Let Anp 2 An, P2 N
Let C denote the context attributes
Select S;=fA, 1k 2 AY ;;k2 N such that:
Context_Adaptation (A 1x;C)
Context_Adaptation (X;C);8X 2 AP g

abhwNBE

6 if card(S;) 61
7 if Policy = Dispersion
8 Select S;=fA, 1k 2 S1, k2 N such that:

Dispersion (A 1x) Dispersion (X);8X 2 S;g
9 if Policy = Distance
10 Let Anp and Ang 2 An, P;g2 N
11 Let An 1p the current mapping

at level n 1 of Agp
12 Select S;=fA, 1« 2 A} ;k2 N such that:
13 Relative _Cost(An 1.p;An 1x)

Relative _Cost(An 1,p;X);8X 2 S10

14 if card(Sp) 61
15 Select any configuration from Sy
16 g

Table 3.2: Generic Selection Procedure.

minimizes the distance between two architectural con gurgons at leveln 1, both

implementing the correspondingn-level architectural con guration. This is performed
using the function Relative _Cost() (Table 3.2 line 13). Select() can be extended
with other possible policies.

3.2 Multi-layer Modelling of Collaborative Com-
municating Architectures

This section presents how we apply the multi-layer modellmapproach presented above
to collaborative communicating systems in order to build a amprehensive generic
framework for such systems. Therefore, relevant abstraati layers have to be iden-
tied. Adaptation at the highest layers should be guided by he evolution of activity
requirements. Adaptation at the lowest layers should be dren by execution context
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constraint changes. The retained layers are representedkigure 3.2 These layers are
numbered 3, 2 and 1 respectively and are presented detailedhe following paragraphs.
Context capture and representation is discussed after that

3.2.1 Design Time Side

The application layer represents applications needing ¢aboration inside groups of
users and/or devices (which are generically calleghtities) in communicating environ-
ments. It contains software elements implementing the apphtion's business, as well
as user interfaces, security modules, etc. Among these etss, (at least) those that
are relevant with respect to collaboration are representeth the architectural model
corresponding to this abstraction layer,Aszi. Hence, this model is a business view of
the collaborating entities and the business relations beten them. As this model is
highly application-dependant, it must be built by the desigers of each application
and instantiated at runtime by the application itself. Application designers also have
to implement the re nement procedure allowing to obtain theset A, of collaboration
layer models that implement a giverAs; model. Only collaboration-related elements of
the application layer model will be taken into account in there nement process$. The
collaboration layer provides a session level abstractioit describes how the members
of a group are organized within sessions where they can sentl aeceive data ows.
The main issue addressed by this layer is the determinatiorf a high-level collabora-
tion schema that responds to the application's collaboratn needs. Hence, it is able
to manage collaborative sessions and to determine the elenteeneeded to implement
such sessions.

The architectural model produced by this layerA.,., consists of a graph containing
the following elements:nodes componentsand data ows (which are organized within
one or moresession3. This model is inspired by classic graph-based session dgstion
formalisms such as dynamic coordination diagram8DVTO04].

3.2.2 Run Time Side

The middleware layer provides a communication model that nsks low-level details
(like TCP sockets, UDP datagrams and IP addresses) in ordeo tsimplify the repre-

INevertheless, the application layer model can contain othebusiness elements (non collaboration-
related) and thus be used in order to represent the whole apjptation.
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Figure 3.2: Layered Architecture Modelling

sentation of communication channels. This layer abstracwistributed systems, so they
are transparent for upper layers. For instance, this model ay be based on abstractions
like Event Based Communications, Peer to Peer, Remote Praige Calls or Remote
ethod Invocation. The architectural model produced by thidayer, Ay, represents a de-
tailed deployment descriptor containing the elements need to implement the sessions
de ned by the collaboration layer. For instance, if this lagr is implemented with an

Event Based Communication technology, thé\;,; model contains the event producers,
event consumers and channel managers to be deployed on eantien as well as the pul-
I/push links between these elements. If a Peer-to-Peer ingyhentation is considered,
the A;; model contains peers, super-peers and pipes to link peersheTinfrastruc-
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ture layer contains hardware devices and software componeite.g., OS, drivers) which
are needed to run applications on the user's device(s). Theyso enable such devices
to communicate with other devices existing in the user's eimonment. In our work,
we assume that the services and components of this layer amaitable and correctly
con gured, and hence this layer is not handled by adaptatiomodels.

3.2.3 Context Capture and Representation

In our work, we target the adaptation of cooperative applicégons due to di erent con-
text changes. These changes may be related to resource cansts (like connectivity,
energy level, available memory, etc.) or the evolution of thcollaborative activity and
the environment where participants can join and leave, chae their roles, active a
\do not disturb” mode in their devices, etc. We respectivelycall these two sets of
parametersresources contextand external context Context parameters are captured
by external modules. Relevant events, which are produced the external context are
taken into account by the application layer (i.e. they are deected andtranslated into
modi cations on the Az; model, thus producing a new modeAs;.; ). Relevant events,
that are produced, related to run-time resource changes ata&ken into account by the
middleware layer. If it is possible, changes are handled bgaon guring the middle-
ware architecture modelA..; (i.e. by selecting a di erent model among the possible
re nements of the collaboration model). If this is not posdile, a message is sent to the
upper layer in order to inform it that the current architecture can not be implemented.

3.3 A Collaborative Framework for Communicating
Systems Recon guration

The proposed multi-layer modelling approach for collaboteve communicating systems
remains generic with respect to implementation. Indeed, rteither states the formalism
of the presented models nor the means through which the re meent and selection pro-
cedures are implemented. As we have separated the approadd &s implementation,
this generic approach may be implemented in di erent ways byl erent designers. In
this subsection, we propose an implementation that can be et by application design-
ers as a collaboration framework for communicating systemBigure 6.2illustrates our
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choices. We present the models used in each layer and then thenement and selection
procedures that enable the transitions between layers. Wastinguish three branches
the \Framework designer branch” the \Activity designer branch" that corresponds to
the Design Time side of our approach and the \Run Time branchtorresponds to Run
Time side of our approach.

3.3.1 Design Time Side

For description of the application layer architecture modes (As;), we have chosen an
ontology based model based representation which constiest a standard knowledge rep-
resentation technique, allowing reasoning and inferenclloreover, ontologies facilitate
knowledge reuse, and sharing through formal and real worlérsantics. Ontologies are
high-level representations of business concepts and réats. Such representations are
close to developers' way of thinking; therefore they are Weduited to represent appli-
cation layer models. We have describe these models in OW&WMO04], the Semantic
Web standard for metadata and ontologies.

In general, ontologies are divided in two levels: a generiaitology and a specic
ontology. The former is a domain-wide ontology, but is indegndent of applications.
The latter ontology extends the generic one with terms specito an application-speci c
category. We have followed the same pattern in our implemeation: we distinguish a
generic collaboration ontology (that describes sessionssers, roles, data ows, nodes,
etc.) and an application-speci ¢ ontology that extends thecollaboration ontology with
business-speci ¢ concepts and relations.

The generic collaboration ontology is common to all appli¢@ns, and therefore it
is provided within the framework. This ontology is represented inFigure 3.4 The
main concept in this ontology isSession. A session contains one or motelows, which
have a sourceNodeand a destinationNode Nodesare hosted onDevices. Each Node
has one or more associatedoles. Flows are processed byrools, which are composed
of severalComponents(e.g. SenderComponentsand ReceiverComponentg. Related
Flows, Tools and Componentsshare the sameéDataType (e.g. Audio, Text or Video).
Further explanations about this ontology and the associatechoices can be found in the
work of Sancho §TV08]. Application designers can extend this generic ontologyitiv
speci ¢ ontologies describing the business logic of theipplications. The collaboration

2http://homepages.laas.fr/[gsancho/ontologies/session s.owl
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layer model (A,;) is a graph, inspired by dynamic collaboration diagramsBDVTO04],
shows the detailed structure of one or more session. s&ssionis a set ofdata ows.
Eachdata ow goes from asender componento a receiver componeni{components are



36 CHAPTER 3. PROPOSED APPROACH

Session

hasFlow |Instance"‘ | Fow

ha sFlow*
Y
How

hasTool | Instance™ | Tool
hasD estination | Instance™ | Node
hasDataType ‘ Instance | DataType
hasSource | Instance | Node

‘Aﬁml*
Tool

hasDataType | Instance ‘ DataType

hasComponent |Instance"‘ Component

hasComponent™ sDataType hasSource sD estination*

Component
hasDataType | Instance | DataType
isDeployedOn | Instance | Node

isa isa hasDataType
Node
SenderComponent ReceiverComponent DataType hasRole | Instance® | Role
4 hasHostingDevice | Instance | Device
isa  fsa isa sHostingDevice “hasRole*
Device

Video Text Audio Role

hasIpAddress | String™®

Figure 3.4: Generic Collaboration Ontology

deployed onnodeg3. Sender and receiver components may have text, audio or vide
as types. Flows are labelled with data types (audio, text andideo) and the session to
which they belong. This graph is expressed in the GraphML lguage (an XML dialect
for representing graphsBEH™ 01)).

3As the reader may have noticed, these same elements have aidy been presented in the collabora-
tion ontology. This redundancy is exploited in order to re n e models from application to collaboration
layers, as it will be explained later.
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3.3.2 Run Time Side

For the middleware layer A1), we consider the Event Based Communication (EBC)
paradigm MCO02]. The EBC model represents a well established paradigm fanteér-
connecting loosely coupled components and it provides oteemany or many-to-many
communication patterns. EBC entities are represented in #thmiddleware layer model.
This model is a detailed graph containing a set @vent producerdEP), event consumers
(EC), and channel managerdCM) connected with push and pull links. Multiple pro-
ducers and consumers may be associated through the same Clhc& this model is
also a graph, it is also expressed in the GraphML language.

3.4 Graph-Based Models for Architectural Trans-
formation

We introduce here both graph grammar foundations and the gphh grammar based
approach that we use for the collaboration layer and the mideware layer models.
Graph grammars constitute an expressive formalism dynamistructure description.
Moreover, theoretical work on this eld provides formal meas to specify and check
structural constraints and properties Roz97 EK91]. Inspired from Chomsky's gener-
ative grammars Cho5€4, graph grammars are de ned, in general, as a classical syst
< AX ;NT;T;P >, where AX is the axiom, NT is the set of the non-terminal ver-
tices, T is the set of terminal vertices, andP is the set of transformation rules, also
called grammar productions. An instance belonging to the gph grammar is a graph
containing only terminal vertices and is obtained startingrom axiom AX by applying
a sequence of productions iR.

There are di erent approaches for the de nition of a graph gammar production
structure and the mechanisms used for the speci cation ofdtexecution.

3.4.1 Basic approach for Graph Transformation

The basic approach to transform a graplG into a graph G°is to replace a sub-graph
m of G by a graphd. GPis the graph resulting from this operation.G is called the host
graph, m is called mother graph andd is called daughter graph. In this approach, a
grammar production is described in the basic model by a paif graphs<L ;R >. This
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Figure 3.5: Dangling Edges Problem

rule is applicable to a graphG if there is an occurrence of in G. As a consequence, its
application leads to removing the occurrence df from the graph G and substitute it
by a copy (isomorphous) oR. This basic de nition introduces the problem of dangling
edges as shown ifrigure 3.5where the grammar production P is applied on graph G.
In this example, di erent matching of pattern L are possiblen graph G (for instance,
nodes 2, 5, 4 respectively match nodes 1', 2', 3"). In this aghe removal of the pattern
corresponding to L will lead to the situation where edges thiaconnect nodes 2 to 1,
3 to 2 and 4 to 3 will become dangling edges. Moreover, in thisdic approach, it is
not possible to specify the gluing of the introduced patteriii.e. gluing nodes 4', 5', €',
7"). To address the dangling edges problem, di erent apprahes were introduced with
di erent choices concerning productions speci cation andlangling edge management.

3.4.2 The Double PushOut Approach

The Double PushOut (DPO) [Ehr87] considers a richer structure for grammar produc-
tions. These productions are speci ed by a 3-uplet L ;K ;R > whereL and R keep
the same signi cance as in the basic structureK is a sub-pattern ofL specifying a part
to be maintained after applying the rule. The application ofthis production requires
an additional condition called the dangling condition. Ths condition states that the
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production is applicable only if its application will not lead to dangling edges. If the
two conditions (i.e. existence of an occurrence bfand absence of dangling edges) hold,
the application of the production implies the removal of theoccurrenceDel = (L nK)
and the insertion of a copy ofAdd = (R nK). The DPO approach introduces a more
sophisticated structure for grammar productions. Considiag pattern K allows the
speci cation of graph transformations by considering nodein the L pattern that will
not be removed after applying the related productions. Hower, DPO manages the
dangling issue in a very basic way. To overcome this limitain, we will consider a richer
handling for dangling edges and daughter graph gluing.

3.4.3 The Node Label Controlled Mechanism

The Node Label Controlled (NLC) mechanismRo0z97 is based on the speci cation of
the so-called connection instructions to allow the gluingfahe daughter graph to the
neighbours of the mother graph nodes. These instructionsr=der node type/labels
to carry out this gluing. A production NLC is of the form < L ;R > whereL and
R are graphs containing labelled terminal and non-terminaledes. The application of
such a production implies, the basic replacement of the maghgraphL by the daughter
graph R. The connection instructions are of the form {( ) where and are two labels
that can be assigned to terminal or non-terminal nodes. Theexecution implies the
introduction of an edge between each node of the daughter gtalabelled with and
each neighbour of the mother graph nodes that are labelledtvi #. A grammar NLC is
thus described by a quadruplek AX ;NT;T;P;C > whereAX;NT;T;P respectively
represent the traditional axiom, the set of non-terminalsthe set of terminals and the
set of grammar productions.C constitutes the set of grammar connection instructions.
These instructions are common to all the productions and &t each application of one
of the productions belonging toP all the applicable instructions inC will be executed.
A simple example of the DPO transformation approach is givem Figure 3.6 We
notice that the host graph of this example G is di erent from te one given for the
basic approach (graph G ofigure 3.5. The di erence lies in the fact that G does not
contain any more the edge connecting nodes 4 and 3 in G. Thigise to the fact that if

4The existence of neighbours of the graph mother nodes that ar labelled by is not a condition
for the applicability of the production. If such nodes do not exist in the host graph, the connection
instruction is simply ignored.
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Figure 3.6: DPO Approach Example

we maintain this edge in G, P would not be applicable any moredgause its application
would violate the dangling condition.

3.4.4 The Neighbourhood Controlled Embedding Mechanism
and its Extensions

The main weakness of the NLC approach is that nodes are diggmshed only by their
labels. The Neighbourhood Controlled Embedding (NCE) meeamism [Roz97 addresses
this problem by making it possible to describe connection structions referring directly
to the daughter graph nodes instead of referring to their ladds. The instructions are
of the form (n; ) where is a label of a terminal or non-terminal node, and whera
identi es a node belonging to the daughter graph. The execigin of this instruction
implies the introduction of an edge between node and all nodes that are neighbours of
the mother graph labelled by . An NCE graph grammar is de ned by the quadruplet
< AX ;NT;T;P > whereAX;NT and T keep the same signi cance as in NLC gram-
mars. P Speci es the set of grammar productions that are of the formL(;R; C) where
(L; R) is NLC production and whereC is a set of NCE instructions. Compared to the
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NLC approach, the instructions are not applied to the whole @mmar productions set,
but are related to a specic production. The extension of NCHor directed graphs
is quite easy. Within the framework of this extension calledlirected NCE (dNCE),
connection instructions are described by a tripletr(; ;d) whered 2 f in; outg making
it possible to take into account edge direction:

an instruction (n; ;in ) implies the introduction of an edge from the node to all
n®which are in-neighbours of the mother graph and that are latiied by

an instruction (n; ;out) implies the introduction of an edge from the noden to
all n®that are out-neighbours of the mother graph and that are ladked by

This approach preserves the direction of the edges. Anothapproach makes it possible
modify edge direction. In this case, the instructions are ggied by a quadruplet
(n; ;d;d9 wheren; and d keep the same signi cance as in the preceding approadh
indicates the direction of the edge to be introduced. Thushe instruction (n; ;in;out )
(respectively (; ;out;in)) implies the introduction of an edge from noden and all
nodesn®that are in-neighbours (respectively out-neighbours) ofhe mother graph and
who are labelled . The direction of the edge is, this time, fromn to n° (respectively
from n°to n)®. To consider labelled edges, an additional extension of the&CE approach
can be introduced. This approach called edge label NCE (eNEH takes into account
the edges' labels and their updating. Connection instruatns are of the form ; ; p=q)
wheren and indicate the same concepts as in the case of the classical N&gproach
while p and g are edge labels. The execution of this type of instructionsnplies the
introduction of an edge with the labelq betweenn and all nodes labelled by and that
are p-neighbour$ of the mother graph. edNCE approach combines the two apprdaes
eNLC and dNLC. The grammar productions are of the formX ;D;C) such that C
is a set of instructions of the form §; ; p=q;d;d). The execution of this instruction
implies the introduction of an edge in the direction indicatd by d° between the node
n and all nodesn®that are p-neighbours andd-neighbours (i.e. in-neighbours ifi=in
and out-neighbours otherwise) of the mother graph.

SInstructions (n; ;in;in ) and (n; ;out; out ) are respectively equivalent to the instructions (n; ;in )
and (n; delta; out) that preserve edge direction.

5p-neighbours of a noden are all nodesn® such that there exists an edge labelled by which connects
n and n°.
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Figure 3.7: NLC Approach Example

Figure 3.7 gives an example of graph transformation using the NLC mechiam.

Non-terminal node 4 having the label A is replaced by a copy die graph R, i.e. nodes
6 and 7 and the edge that connects them. The application of thestruction c1 has
as a consequence the introduction of an edge between nodesé 3; c3 implies the
introduction of an edge between nodes 7 and 3 while c4 introcks the edge between 7
and 5. Instruction c2 is ignored since none of the neighbouo$ node 4 is labelled by

label c.

3.4.5 Our Approach: Combining DPO and edNCE

In our approach, a graph grammar is of the fornrx AX ;NT;T;P > where AX;NT
and T keep the same signi cance as before. We use productions gbay(L ;K ;R; C)
where ;K ;R) corresponds to the structure of a Double PushOut (DPO) proakction
and whereC is a set of connection instructions. The instructions belaing to C are
of the edNCE type. They are speci ed by a systemn( ;d;d% wheren corresponds to
a vertex belonging to the daughter graptR, p and g are two edge labels, is a vertex
label, andd and d° are elements of the set in, out. For example, a production deed by
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SERGRILENGEO

Applying p
1',2' matched with 4,5

Edges generated by
the connection instructions

Figure 3.8: Combining DPO and edNCE

the system ;K ;R;(n; ;d;d9) is applicable to a graphG if it contains an occurrence
of the mother graphL. The application of this production involves transformingG by

deleting the subgraph Del = L nK) and adding the subgraph Add = R nK) while

the subgraphK remains unchanged. All dangling edges will be removed.

The execution of the connection instruction implies the inbduction of an edge
between the vertexn belonging to the daughter graphR and all verticesn® that are
p-neighbours of and d-neighbour®. This edge is introduced following the direction
indicated by d°and labelled byg. An example is given inFigure 3.8

Production p3 has the same structure and transformation logic as in the OP ap-
proach: node 5 is not removed even if it is matched with node Belonging to the
L pattern because it also belongs to th& pattern. The example also considers the
edNCE connection instructions c1, c2 and c3 allowing the gect addition of edges
connecting nodes 2 and 6, and connecting nodes 3 and 7.

Following the commonly used conventions for graphs desdnlg architertures, we
consider that vertices represent communicating entitiese(g. services, components)

"p-neighbours of a vertexn are all vertices n® such that there exists an edge labelled byp which
connectsn and n°,
8In-neighbours if d = in and out-neighbours otherwise.
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and edges correspond to their related interdependenciesgie communication links,
composition dependencies).

3.5 Renement and Selection Implementation

In this section, we present how the application layer archeicture models are re ned
into collaboration layer architecture models, and how caboration layer architecture
models are re ned into middleware layer models. The applitan layer models are
ontologies represented in OWL and we use SWRL rules to implemt the re nement
rules. Collaboration layer models and middleware layer mets are graphs and we use
the graph grammar approach presented isubsection 3.4.50 implement the re nement
rules between the architectural models of two layers.

3.5.1 Application{Collaboration Re nement and Selection

As the application layer model is represented in OWL, we useA8RL rules [HPSB* 04h]
in order to implement its re nement to a collaboration archtecture. Such rules consti-
tute a natural and exible way for expressing designers' ches for transformations (in
comparison, e.g. to hard-coding such transformations). SRL rules have the following
form: by; ;! a, whereby; :::h, is the body of the rule anda is the head of the rule.
The terms a; by; ::;; b, are SWRL atoms, i.e. concept assertions,relation assertions or
built-ins. The semantics of the rule are: whenever the interpretatioof the body holds,
then the interpretation of the head also holds. Some rules Y& been included along
with the generic collaboration ontology. For example, let 1 consider the rule shown
in Table 3.3 This rule states that, whenever an instance oDataFlow is found in
the ontology, two components have to be instantiated a ReceiverComponenthaving
the ow's destination node as its deployment node, and &enderComponenhaving the
source node as its deployment node. Similar rules are usedtéxt and video ows, thus
generating text and video sender and receiver componentsh& rules implementing the
transition from the application-speci ¢ ontology to the generic collaboration ontology
are application-dependant, and therefore they have to be spi ed by the application
designers along with the application ontology. Thus, desigrs specify the application

9The SWRL built-in CreateOWLThing() creates new instances of existing concepts within a SWRL
rule.



3.5. REFINEMENT AND SELECTION IMPLEMENTATION 45

DataFlow(?af) ~ hasSource(?af,?src) ~
hasDestination(?af,?dst) A
swrix:.createOWLThing(?asc,?src)
swrix:createOWLThing(?arc,?dst)

I AudioSenderComponent(?asc) *
isDeployedOn(?asc,?src)
AudioReceiverComponent(?arc) »
isDeployedOn(?arc,?dst)

Table 3.3: A SWRL Rule for Establishing DataFlows

layer model and part of the re nement from application to cdaboration layers. The
processing® of the SWRL rules along with the application ontology produes a new
ontology instance that describes the collaboration layerrgph in OWL language. This
graph is translated into GraphML in order to be shared with tle middleware layer.
The re ned model produced by the rule processing is unique,ei each application
layer model corresponds to a unique collaboration layer meld Therefore, the selection
procedure at this layer is straightforward.

3.5.2 Collaboration{Middleware Re nement and Selection

As the collaboration layer and the middleware layer models@ represented by graphs,
graph grammar theories, presented isection 3.4 represent an appropriate formalism
to handle the re nement process. We provide a graph grammdrased implementa-
tion!! of the generic re nement procedure presented ifiable 3.1 This implementa-
tion, called Grefine() (seeTable 3.4), corresponds to the application of a set of graph
grammar productionsp; ::: p« that implement the re nement of an architectural con-
guration from level n to leveln 1. We use a graph grammar, that addresses the
re nement of a given collaboration level architecture to dlpossible EBC level architec-
tures. The productions of this graph grammar consider collration components (e.g.
RevceiverComponentdenoted R and SenderComponentienoted S)) as non-terminal
nodes and EBC entities (EPs, ECs and CMs) as terminal nodes. gession involving

10This processing is done with a rules engine such as Jess or a R\+enabled reasoning engine such
as Pellet.

1This implementation is done with a Graph Matching Transform ation Engine (GMTE), available
at http://homepages.laas.fr/khalil/lGMTE
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1 G_Re ne()
2f
3 Let A,, A, 1 be the set of con gurations at leveln and leveln 1.
4 Let A, 2 Ap;i 2 N, be a given con guration
5 ComputeA, 1i = fA, 1; 2 A, 1 such that:
Opr:iip 2 P A" AL 150 2 Ng

69

Table 3.4: The Graph Re nement Procedure

several senders and receivers is re ned as a CM connected @gesal EPs and ECs. In
order to re ne a given collaboration architecture into a setof EBC architectures, the
graph grammar GGcoyias 1 esc, detailed in the Table 3.5 is used?. In this graph
grammar, non-terminal nodes are collaboration entities wie terminals nodes are EBC
entities. Therefore, the productions of this graph grammare ne ReceiverComponent
and SenderComponen{R and S) into EPs, ECs and CMs. Similar grammar produc-
tions have been developed for text and video components. Theduction p; re nes the
pattern consisting of aSenderComponen{denoted asas) connected to aReceiverCom-
ponent (denoted asar) by the introduction of an event consumer, an event produceand
a channel manager for a speci c session (denoted herexjy Connection instructions
icl andic2 consider the push options. OtheReceiverComponenrd (resp. SenderCom-
ponents) linked to ar (resp. as) are connected to the created channel manager. The
production p, re nes the pattern consisting of aSenderComponentconnected to a
channel manager. The productiorps re nes the pattern consisting of aReceiverCom-
ponent connected to a channel manager for a speci ¢ session (derbtesre byx). The
production p; guarantees that only one channel manager is kept for each ses.

In order to choose the architecture to be e ectively deployk the selection procedure
Select() (seeTable 3.2 is used. This procedure allows choosing an architecture-de
pending on several parameters. First, it uses the capturedsources context to eliminate
the architectural con gurations that cannot be deployed wthin the current resources
levels. Then, the best con guration with respect to architetural characteristics (e.g.
number of components) is selected. In order to select the ap@l architecture among
those built by the re nement process, the generic selectioprocedure presented in

12This graph grammar is processed with a Graph Matching Transbrmation Engine (GMTE), avail-
able at http://homepages.laas.fr/khalil/GMTE
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GGcorias 1 esc = (AX;NT; T;P ) with:

T =fCM(cm;s;m); EC(ec; m); EP (ep; mg,
NT = fR(ar;m); S(as; mg and
P=1fps::;m0

fR(ar;m1); S(as; m2); g dame Rg;

g;
EC(ecl; ml); EP (epl; m2); CM (cml; s; ml);

cMm ™" EC;EP P*" CcMg;
cC=f
ic2 = (CM (cml;s; ml); data; s=push; S; out=ou,
icl = (CM(cml; s; ml); data; s=push; R;in=in)g)
P2 = (
data;s
L = fS(as; m2); CM(cml; x;ml);S! CMg;
K = fCM(cmil;s; ml)g;
R = fEP (epL; m2); CM (cmZ;s;m1);EP ™" CMg;
C=1g)
Ps = (
L = fR(ar; m2); CM (cmL; s; m1); CM 1®** Rg;
K = fCM(cmil;s; ml)g;
R = fEC(ecl; m2);CM (cml;s; mi);CM ™" ECg;

f
f

fCM (cml;s; ml); CM (cm2;s; m2)g;

fg;
fCM(cmil;s; ml)g;
f

C=1fg)
Table 3.5: Re nement Graph GrammarGGcouias | EBC

Table 3.2is used. Here, we present in detail our choices for the funmtisDispersion()
Relative _Cost() , and Context _Adaptation() . The function Dispersion() is used to
select architectures having fewer Channel Managers (CM) pleyed on the same device.
The goal is to e ciently balance resource consumption and tdoe more robust. This
function is detailed in Table 3.6 It associates an architecturéA;q with the number of
nodes containing at least one CM. This de nition gives highrevalues to architectures
having CMs dispersed in more nodes. The functidrRelative _Cost() (seeTable 3.7)is
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1 Dispersion()

2 f

3 Let Ayq be an architecture at level 1

4 Let nod€' be a deployment node of A

5 weight=0

6 For each node

7 if 9CM deployed on nodqq then weight=weight+1
8 return weight

9

g9

Table 3.6: Dispersion Function

used to select theclosestarchitecture to the currently deployed architecture. We chose
as a criterion of selection the number of redeployments nestito switch from a given
architecture to another. The functionContext _Adaptation() associates a given archi-

Relative _Cost()

f

Let Ayq and Ay be two architectures at level 1

Let node’(component) be the deployment node

of component 2 Ay

rcost=0

For each componenf 2 Ayq[ A1k

7 if nodel(component) 6 node‘(component) then
rcost=rcost+1

8 return rcost 9 g

A OwWDNPRP

o 01

Table 3.7: Relative Cost Function

tecture to a value that re ects its degree of adaptation to tle current resources context.
Our criterion for this function is as follows: well adapted echitectures are those which
have fewer nodes in &ritical situation. A node is in a critical situation when its level
for a certain resource is close to the threshold de ned for & resource. This function
is detailed in Table 3.8 In this function, a set of resourcedResourcs :::Resource
(e.g. Resourcg=energy, Resource=CPU load and Resource=available RAM). L!
represents the available level of the resourdeesource for the nodenode. It is calcu-
lated as the resource's level before deployment (given byethesources context module)
minus the amount of resource consumed by each deployed comgat; considering that
it is expressed as a percentage. The valde is a threshold that indicates the criti-
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1 Context_Adaptation()

2 f

3 Let A4 be an architectural configuration at level 1

4 Let N = card(Ayq)

5 Let Resourcq :::Resourcey the set of considered resources
6 Let R = card(f Resourcg :::ResourceQ)

7 Let nodd' be deployment nodei of Ajq

8 Let L! the level of the resource r for nodé

9

1

Let T, be the threshold associated with the resource r
0 Let ! r2[L:R] be weights associated with each resource
r for nodé€'
11 Let | r 2 [1::R] be weights associated with each resource
r for Aiq

12 Let cadapt=0
13 for each i 2 1:N
14 for each r 2 1::R

15 Pl= ILL T,

16 if P, 0 then return -1
17 end for

18 end for

19 for each r 2 1::R

20 cadapt=cadapt+ ,min;(P})
21 end for

22 return cadapt

23 g

Table 3.8: Context Aware Function

cal percentage of the resource, for a given node, under which the deployment is not
possible. The coe cients | represent the importance assigned to each leve} with
respect to the characteristics ohodg. For instance, the CPU load is more critical
for a smartphone than for a laptop, because the smartphone eds CPU processing
for answering calls, etc. Therefore, -, is 1 for a laptop nodes and 0.5 for a smart-
phone (i.e. a smartphone will be considered as critical whets CPU level is lower
than 2T¢py). P, is calculated for every node as the di erence between the &hof the
Resource (pondered by the correspondent ) and the thresholdT,. If this di erence
is negative for a node, this means that the node is in a crititstate with respect to
Resourceg, and hence the considered architecture cannot be deployet@iherefore, 1
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is returned and the considered architecture will not be salted. If no node was found
to be in a critical situation, then the degree of adaptation to the contextcadapt) of
the considered architecture is calculated, as shown Tiable 3.8 line 20. First, for every
resource, the minimum value oP! found on any deployment node of the architecture is
retained. Secondcadapt is calculated as an average of these minima (pondered by
coe cients). The | coe cients represent the global importance degree given teach
resource ( ? + = 1). Resources with higher , are considered more important than
other resources. These coe cients can be de ned by the admstrator or the business
logic. This de nition of the function Context _Adaptation leads to the selection of the
architectures having the highest values of resources foretin more critical nodes.

3.5.3 Deployment Service

The A1 model produced by the middleware layer is the detailed deplment descriptor
that implements the low-level elements of the required ardiecture: producers, con-
sumers, channel managers, and links. In order to e ectivelgeploy such elements into
real devices, @Deployment Servicds needed. This service takes a deployment descrip-
tor Ay as input and then it downloads, installs, and starts the regued components
on each device. From our point of view, the implementation dhis deployment service
may be based on the OSGi technologyOSGO07. Indeed, OSGi o ers very promising
functionalities such as dynamic code loading and executiokVithin this approach, de-
ployable components may be packaged as OSGi bundles that aasily handled by the
proposed deployment service.

3.5.4 Re nement and Selection lllustration

This subsection provides a global view of the top-down re meent process from appli-
cation level to middleware level that is initiated at the apgication startup. Similarly,
the adaptation process triggered by context changes is eapied. Once the applica-
tion is started, the rst step is the creation of the applicaton level modelAs., (which
is an instance of the application ontology) by the applicatin. This model represents
the state of the application itself and its external context The second step is to start
the re nement process to re ne this model into a collaborabn model A,o. This is
done by the processing of the associated SWRL rules transfation. The produced
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graph A, is used as an input to theGrefine() procedure, which returns a sef\? of
middleware level models (graphs) that implement the givenotlaboration model. In
order to retain a single model to be deployed, th&elect(Dispersion)  procedure is
used. The retained modelA;, is hence the optimal model taking into account the
current resources context rst, and then the model dispersn, if necessary. Finally,
A1 is used by the deployment service as a deployment descripffor the e ective de-
ployment of components. The system keeps the same con gurat until the arrival
of context events. Changes in the external context are traleded into changes at the
application level, thus producing a new instancés.; of the application model. These
high-level changes imply the triggering of the re nement pycess in order to obtain a
new deployment descriptor. Therefore, external context eimges are handled by an
inter-level adaptation, because they trigger modi catios at several levels. First, this
model is re ned into a new collaboration modelA,.;. If this model is equal to the
previous A,.o, NO recon guration is needed at collaboration and middlewa levels, i.e.
the current low-level con gurations implement the previos high-level con guration.
Otherwise, the procedureGrefine() is used in order to re ne the collaboration model
A, into a set A of middleware level con gurations. Then, theSelect(Distance)

is used to nd Aj.; which is the most adapted con guration for the current contet.
As previously explained, the use of th®istance policy implies that, if several choices
are possible, the chosen con guration will be thelosestto the previous con guration
Aio. If Aq and Ay are equal, then no redeployment is needed. Otherwise, a new
deployment is performed according to the new deployment degptor A;.,. Changes in
the resources context are handled at the middleware level.h&refore, the response to
resources context changes is an intra-level adaptation. iBhadaptation is performed by
the Select(Distance) procedure. This procedure scans the s&f (which was built in
the initial re nement) in order to nd a new model Ay, that is better adapted to the
new resources context than the previous modél;., to be used for redeployment. On
the other hand, Application and collaboration models remai unchanged. For all the
considered cases (initial re nement, external context agdation, and resources context
adaptation), the Select() procedure may nd none of the candidate con gurations
can be deployed within the current resources context. This @ans that the high level
requirements can not be implemented with the current resoces, so the middleware
level sends an alert to the application level. Therefore, eéhapplication level produces
a new model which considers this limitation, and the re nema process is triggered in
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order to obtain a new collaboration model followed by a new midleware model, which
is used for redeployment.

3.6 Conclusion

In this chapter, we presented a multi-layer architecture madelling approach for collabo-
rative communicating systems. Architectural models for ggication, collaboration and
middleware layers have been detailed. Ontologies, SWRL edl, graphs, and graph's
grammars have been used for implementing a rule-based rement process. These rules
handle both transforming a given architecture within the sme layer, and architectural
mappings between di erent layers. This implementation fans a framework for building
collaborative communicating systems. Using such rule-bes approach allows correct
architectural recon gurations to be characterized, and tde used eithero ine to help
implementing the decision process, avnline to handle architectural adaptations. We
presented also, di erent approaches for the de nition of gigph grammar production
structure, and the mechanisms used for the speci cation oheir execution. In the next
chapter, we will present the case studies that we used to ifitrate and evaluate our
proposed framework.



Chapter 4

Implementations, Case Studies and
Performance Study

In this chapter, we present the graph matching and transforation engine (GMTE),
the tool that we developed to implement the graph grammars gpoach we proposed
here (presented irsubsection 3.4.5 We conducted an experimental study of our graph
rewriting system using the rules of the architecture adaptaon models presented ear-
lier. We show a study related to the recon guration on the apfication layer that are
based on SWRL rules. We show the e ciency of our graph grammaecon guration
used on the middleware layer. We show in this chapter how grapgrammars can be
used to design policy-driven recon guration mechanisms @rchitectures and to rule
running applications using recon guration laws for Web Sefice-Based Applications.
We conducted a simulation of ERCMS use cases. This simulatishows the manner in
which ERCMS entities collaborate to maintain connectivityand enhance the quality of
communication.

4.1 Graph Matching and Transformation Engine

The GMTE is implementied in C++. It is an e cient implementat ion of an extension
of Messmer's algorithm (Mes93). This tool is capable of searching small and medium
graph patterns in huge graph in a short time. A computationatomplexity analysis of
the algorithm has been conducted@UEO6] and performant experimental results have
been obtained. It has also been proved that, when only constdabels are considered,

53
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this complexity is similar to the complexity of Ullmann's aborithm ([UlI76]). Both
the pattern graph (called rule graph) and the host graph haveabelled nodes and
edges. The rule graph labels may be totally or partially insintiated. Uni cation is
conducted for non-instantiated labels. The tool can be usetn-interactively as a C++
library providing a function that can be invoked from eithera C++ or a Java program.
The tool can be used through as a C++ executable that reads theule graph and
the host graph description from input TXT or XML les. The XML standard used
is GraphML (Graph Markup Language). GraphML BEH* 01] is an XML-based le
format for graphs. It consists of a language core to descriltiee structural properties
of a graph and a exible extension mechanism to add applicat-speci ¢ data. Its
main features include supporting directed, undirected, ahmixed graphs, hypergraphs,
hierarchical graphs, graphical representations, referegs to external data, application-
speci ¢ attribute data, and light-weight parsers. Unlike many other le formats for
graphs, GraphML does not use a custom syntax. Instead, it isabed on XML and
hence ideally suited as an interoperability format for all inds of services generating,
archiving, or processing graphs.

A GraphML document is composed of a GraphML element and a vaty of subele-
ments: graph, node, edge. A graph is denoted by a graph elemerNested inside
a graph element are the declarations of nodes and edges. A aasd declared with a
node element, and an edge with an edge element. Our C++ tool fdeen associated
with a graphical user interface (sed-igure 4.1) composed of the following zones and
components:

A menu bar o ering to the user items to manipulate the interfae contents such
as creating, deleting, saving projects, graphs and rules.

A tool bar that the user can use to edit graphs and rules (savii undo, redo...).

Project explorer giving the user a tree representing the tiof opened projects,
graphs and rules.

A component panel containing a list of buttons for creating odes and edges.

A graph representing zone which o ers to the user the possiity to open and
show graphs she/he is manipulating.
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Figure 4.1: The Graphical User Interface

A rule representing zone which o ers the user the possibyitto open and show
rules she/he is manipulating.

Transformed graph zone which o ers to the user has the possity to open and
show graphs she/he had transformed.

A rule legend with which the user can distinguish between relzonegInv, Del,
Abs, Add).
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{ The Inv zone: representing a fragment of the graph rule which must be
identi ed (by homomorphism) in the input graph, if several sibgraphs are
homomorphic to this area, a subgraph is chosen randomly. TEhiragment
remains invariant after the execution of the rule;

{ The Abs zone: this zone represents a fragment of graph rule (contaig the
fragment Inv) which must not exit (by homomorphism) in the graph. If this
fragment exists, the rule can not be executed;

{ The Del zone: is under a fragment of thénv zone that will be deleted when
executing the rule;

{ The Add zone: is the fragment that will be added after executing theute.
Two tabs showing the information and the errors when transfaing a graph.

The user can export graphs and rules from the tool to TXT formiaor XML format
according to the standard GraphML format as well as an imageThe interface o ers
an export wizard which gives the user the possibility to spég the export parameters,
such as le name, storage directory and the export format. Té exported XML graph
le (see Figure 4.2 is composed of a graph element containing a list of nodes aedges
elements with di erent attributes describing each elementThe exported XML rule le
(seeFigure 4.3 is composed of a rule element containing a list of nodes regenting
the di erent zones of the rule(lnv, Del, Abs, Add). Each zone element is composed of
a graph containing a list of node and edge elements with di ent attributes.

4.2 Emergency Response and Crisis Management
Systems Case Study

We consider the example of Emergency Response and Crisis lEigement Systems
(ERCMS). ERCMS-like activities involve structured groupsof participants who are
communicating to achieve a common mission (e.g. save humawves, ght against a
huge re, etc). Communication relationships between partipants are subject to evolve
throughout the mission. By nature, ERCMS-like activities annot be deployed over
a wired/static infrastructure which are subject to destrut¢ion or non existence. This
kind of activities need ad-hoc networks with mobile devicefor communications. To
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Figure 4.2: The XML Graph File

support such group activities, future applications or netwrk-oriented services should
be dynamically activated in response to implicit or expli¢i requests. These services
should be accessible independently of the users' locationdaaccess point, wired or
wireless. They should take into account di erent time-varyng requirements depending
on the targeted activity, users' mobility, exchanged data ows (e.g. audio, video), and
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Figure 4.3. The XML Rule File

di erent time varying constraints such as variable commurgation and device resources.
Moreover, in ERCMS-like group activities, changes in the aperation structure between
users should also be operated in response to dierent evergach as decisions and
instructions from the mission's coordinator or informatiom acquired by the participants.

4.2.1 ERCMS Case Study Description

The scenario involves di erent types of mobile actors whiclcarry di erent types of
communication devices. We distinguish human actors who mdye professional actors
with special communication devices or occasional actors witarry a mobile device
(e.g PDAs, Phones). We distinguish also, robot actors likelanes, helicopters and
ground robots. For all actors, the communication system musleal with unexpected
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Figure 4.4. ERCMS Mission Description

or expected evolution of user needs or the changes due to demetwork constraints.
We can distinguish di erent steps during the mission. We g describe the two most
representative execution steps: \Investigation step” (fothe localization and the identi-
cation of the crisis situation), and \Action step”(after t he identi cation). ERCMS-like
activities are based on information exchange between mabparticipants collaborating
to achieve a common mission. To be more generic, we de ne thieedent participants
roles: The supervisor of the mission, the coordinators, arnlde eld investigators. Each
group of investigators is supervised by a coordinator (séégure 4.4. Each participant
is associated with an identi er, a role and the devices he/dfit uses. Each participant
performs di erent functions:

The supervisor's functions include monitoring and authorzing/managing actions
to be done by coordinators and investigators. The supervise the entity which
supervises the whole mission. He waits for data from his cdarators who synthe-
size the current situation of the mission, and is charactered by having permanent
energy resources, and high communication and CPU capab#i.
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Coordinators have to manage an evolving group of investigat during the mission
and to assign tasks to each of them. The coordinator has alsmdollect, interpret,
summarize and di use information from and towards investigtors. The coordi-
nator has high software capabilities and hardware resouse In Figure 4.4 we
can distinguish 4 coordinators:

The robot coordinator.
The plane coordinator.
The remen coordinator that manages professional actors.

The walkers coordinator (located in a watch tower) that manges occasional
actors.

The investigator's functions include exploring the operabnal eld, observing,
analyzing, and reporting the situation. Investigators als act for helping, rescuing,
and repairing.

In Figure 4.4 we can distinguish coordination ows and cooperation ows The co-
ordination ows are between investigators and their corrggonding coordinator as well
as between the coordinators and the supervisor. The invagditors transmit coordi-
nation information to the corresponding coordinator such & feedbacks \D" that are
Descriptive data, and feedbacks \P" that are Produced datathey express the analysis
of the situation by an investigator. The supervisor functia's includes in supervising
the whole mission, i.e. deciding actions to be performed, @sending coordination in-
structions. Cooperation ows are between investigators dhe same group (A2A type:
reman2 reman, robt2robot, etc) or between investigatorsof di erent groups (A2B
type: robot2 reman, plane2 rman, walker2 reman, etc). In the case of A2A coopera-
tion ow, we can distinguish:

cooperation information: a robot can inform another about aeld state (There
is a water there).

cooperation requests: a reman can ask another for help (Heme to bring this
heavy object).

cooperation suggestions : a plane can warn another (Do not gackward).

In case of A2B cooperation ow, we can distinguish
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cooperation information: a robot can inform a plane about aeld state (there is
a robot in the area).

cooperation requests: a reman can warn a plane (do not dumpater now/here).

We associate priorities to ows according to the mission'drsicture. Di erent priorities
could be associated with di erent ows or terminals, accorthg to the importance of
the participant role, and also to the resource communicatio state or the ow type
(cooperation, coordination, A2A, A2B, information, instuctions, requests, and sug-
gestions). Figure 4.5 depicts the ontology that models the business concepts and i
relations to the ERCMS activity. The main concept is theParticipant  which has
several properties. The di erent types of participant Supervisor , Coordinator , and
Investigator ) are modelled as sub-concepts where each of them has its ovddia
tional properties. A Participant belongs to aGroup that is lead by a Manager A
Managercan be aSupervisor who manages aoordinatorGroup or a Coordinator
who manages arinvestigatorGroup . The other important idea of this ontology is
the Entity concept. In fact, aParticipant is also anEntity with two sub-concepts:
Atrtificial and Human Various human participants are represented as conceptge.
Fireman, Pilot , or Walker and also the arti cial entities e.g. robots or vehicles, for
instance. The dierent types of robots Prone and GroundRobo} are modelled as
sub-concepts ofRobot, each one with its own additional properties. This is relat to
the Generic Collaboration Ontology GCP[STVO08], because, as shown ifigure 4.5
GCO:CommunicationFlows de ned as a sub-concept ofFlow and Entity is de ned
as a sub-concept of5CO:NodeThis means that participants' roles are de ned in the
collaboration ontology, and thus they inherit all their prgperties. For example, they
have a relatedGCO:Nodéhat is deployed on aGCO:Device etc.

4.2.2 Context Description

In our work, we target the adaptation of distributed coopertive applications due to dif-
ferent changing parameters. These parameters may includeveonmental constraints
(like connectivity, energy level, available memory, etc) rothe evolution of the cooper-
ation environment where participants can change roles, mémrships, and functions.
These parameters constitute the context of the cooperativapplication. We have de-
ned a context ontology (seeFigure 4.6 to structure and organize these parameters.
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Figure 4.5: The ERCMS Ontology Description

Our context ontology describes the cooperation activity, e involved participants and
the environment constraints (machine constraints). It cotains two levels: the generic
level and the specic level. The rst level is independent othe application and the
activity types. The second level populates the generic ong Ispeci c terms to an ap-
plication category (like ERCMS applications). The generidevel contains a concept
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Figure 4.6: General Structure of our Context Ontology

Participant that speci es the basic pro le (name, login, etc) of a partigant in the
cooperative activity and her/his current function. The cortept Location describes the
physical space, and spatial relations of involved devicesdiusers in the system. Lo-
cations can be specied by physical representations (GPS awlinates) and symbolic
high level representations (like places or cells identi etdy their names). The concept
Device describes the hardware (like available memory and CPU usggeand the soft-
ware (like operating system and installed applications) gabilities of the user device.
The conceptActivity speci es the properties of the user's activity: in progresstart-
ing dates, ending dates, etc. The concefietwork describes the characteristics of the
network, such as the transport protocol, the connectivityand the QoS of the available
connections. Finally, the concepPhysicalEnvironnement provides physical properties
of the user space (like ambient temperature) and her/his ration with her/his external
environment. The speci c level ontology depends on the appétion type. It popu-
lates the generic level (withisa relationships) to add domain speci ¢ concepts that
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Figure 4.7: Instance Example from our Context Ontology

represent the application logic. For example, in our caseusty we de ned, the con-
cept Participant  from the generic level is populated in three subclasseSupervisor ,

Coordinator , and Investigator . This specic level also contains the real-world in-
stances of the de ned concepts. Let us quote our illustratitoexample where a reman
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Figure 4.8: Instance Example of a Device Hardware Pro le

(Investigator ) holding a smart phone Device) equipped with a camera connected to
the remen coordinator (Coordinator ) through a 3G communication (Network). He is
exploring (Activity ) the eld at a speci ¢ zone (InterpretedLocation ) identi ed by
his 3G signal power (raw Location information).Figure 4.7 presents a simpli ed view
of this case.Figure 4.8 presents a simpli ed view of a smart phonedevice) equipped
with an IP-enabled camera.

4.2.3 Initial Re nement and Adaptation Process Examples

Our adaptation policy associates the suitable adaptationransformations with the cor-
responding context changes. We use SWRL rulddPSB* 044 to de ne our adaptation
policy. The application designer de nes these rules accang to context changes that
he wants to handle. The header part (swrl:head) of these rdeeferences the adaptation
transformations. The body part (swrl:body) references theontext ontology elements.
These rules are executed when the context changes. They et di erent events
concerning the cooperation environment and the context vaés.
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4.2.3.1 Top-Down Re nement Example

This subsection presents a top-down example showing the hitecture models of the
three considered layers as well as the re nement processedween layers. The adap-
tation process is also illustrated. In this example, we fosuon group3 ofFigure 4.4
in order to illustrate the initial re nement. Group3 has three investigators Fireman1,
Fireman2, and Fireman3. There is a cooperation ow betweenifemanl and Fire-
man2. The remen coordinator manages group3 and has a coardition ow with each
reman and the supervisor. This business level architectaft con guration is captured
by the game application and represented in the activity onfogy As.,. Concepts and
relations from the activity-speci ¢ ontology and from the gneric collaboration ontology
are instantiated together. Generic collaboration rules arapplied. In this case, the rule
presented inTable 3.3 is processed for each instance @ataFlow found, thus creat-
ing the correspondingSenderComponenand ReceiverComponentat the endpoints of
the audio ow. The resulting set of ontology instances repeents a collaboration layer
graph. This graph is translated into GraphML language. The esulting collaboration
graph contains 5 sendersS) and 3 receivers R). The graph edges correspond to data
ows, and are labelled by data type &udio), and by the session to which they belong.
Each component has three attributes: the identi er, the tyge (sender or receiver), and
the deployment machine identier. In order to re ne this colaboration layer graph,
the GGcoLag ' ec graph grammar, detailed in Table3.5, is used. This produces a
set of valid con gurations A9. The procedureSelection() is used in order to nd
the optimal con guration. The retained con guration, A1, iS presented in Figure 2,
depicting the middleware layer. This con guration contairs only terminal nodes (i.e.
nodes belonging to the EBC layer), and is obtained by the apphtion of the sequence
Sp = pu; Py PL; P2; P2; P4. Production p; re nes the pattern consisting of aS and R
linked. Productionsp, and ps re ne patterns for other Rs andSs. Production ps elim-
inates redundant Channel Managers. This re nement creates detailed deployment
descriptor which is used by the deployment service in ordep tdeploy the indicated
components on each device, thus implementing the requireg@ication layer session.

4.2.3.2 External Context Changes Adaptation

In this subsection, we show examples of external context aiges adaptation which
are due to evolution on the mission. The rst situation is whee a cooperation ow is
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needed between two investigators to avoid a con ict. The send case correspond to the
discovery, by an investigator, of a critical situation of annjured person. The situation
requires adaptation of the communication schema. The thirdase corresponds to an
addition of a new investigator to the mission.

4.2.3.2.1 Investigators Cooperation We consider a situation where an investi-
gator from groupl (e.g a plane irFigure 4.4 wants to drop water over an area in which
another investigator from group3 (e.g Firemanl irfFigure 4.4 is already in action. In
this case, the plane has to be noti ed as soon as possible, notdrop water on that
area. Another investigator from group 3 (e.g Fireman2), afir seeing the plane, estab-
lishes a coordination ow to its coordinator and subsequelst the coordinator indicates
the situation to the supervisor. In practice, we can suppogbat the supervisor knows
already the position of the approaching plane. Then the supgsor noti es the plane
not to drop the water on that particular area via the plane coainator. As there is no
connection between the plane and the Fireman2, Fireman2 mseto obtain the super-
visor's decision that takes several steps. The other simplsolution could be to make
a connection between the plane and Fireman2 by establishiegnew cooperation ow
by running the SWRL rule (seeTable 4.1). This rule is executed when there is a need
to establish a cooperation ow between the investigators aomg di erent groups. By
this, Fireman2 can tell the plane \Do not drop the water". After the establishment of
the new cooperation ow between the Fireman2 and the plane,@annel manager has
to be installed in the device of Firemanl. Thus, the correspding event producer and
event consumer need to be deployed in the plane.

4.2.3.2.2 Critical Situation Discovery We consider a situation where an inves-
tigator from group3 (e.g Firemanl) discovers an injured pson. Firemanl needs more
cooperation ows with other remen (Fireman2 in our case) tohelp this person and
with a physician to check the status of this person. We show ¢hSWRL rule (see
Table 4.2 that expresses a critical situation discovery by an invegjator. This rule is
executed when the value oiasStatus attribute in the context ontology changes. If an
investigator detects a critical situation, a transformaton is performed to establish the
cooperation ows needed.
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Supervisor(?s) ”~ Coordinatorgroup(?CG) » managesGroup(s,CQG)
Coordinator(?col) ~ Coordinator(?co2) ™hasMember(CG,col)
hasMember(CG,co2)InvestigatorGroup(?1G1) ~
InvestigatorGroup(?1G2) “~managesGroup(col,IG1}
managesGroup(co2,IG2) Investigator(?11) *
Investigator(?12)  ~hasMember(IG1,11)"

hasSender(IG2,12) ~ CoordinationFlow(?cfl) ~
hasReceiver(cfl,col) ~ hasSender(cfl,s)
CoordinationFlow(?cf4) ~hasReceiver(cf4,co2) ~
hasSender(cf4,s) ~ CoordinationFlow(?cf3) *
hasReceiver(cf3,11) ~hasSender(cf3,col) *
CoordinationFlow(?cf5) ™ hasReceiver(cf5,13) *
hasSender(cf5,c02)

I SWRLb:createOWLThing(CooperationFlow(?cpfl1))*
hasSender(cpfl,l12) " hasReceiver(cpfl,I1)

Table 4.1: Establishing a Cooperation Flow SWRL Rule

Investigator(?inv2) A Investigator(?invl) ~
hasID(?inv1,?)) " hasActivity(?invl,?activity) A
sameAs(?activity,exploring)  ~hasAction(?activity,?a) "
hasResult(?a,?result) " swrlb:equal(?result,true)

I SWRLb:createOWLThing(CooperationFlow(?cpfl))*
hasSender(cpfl,invl) ~ hasReceiver(cpfl,in2) ~*
SWRLb:createOWLThing(CooperationFlow(?cpf2))*
hasSender(cpf2,invl) ~ hasReceiver(cpf,inv3)

Table 4.2: Critical Situation Discovery SWRL Rule

4.2.3.2.3 Adding a New Investigator We consider a situation where an investi-
gator (e.g Fireman4) wants to join group3 ( remen group). Fieman4 needs to estab-
lish a coordination ow with the remen coordinator. We show the SWRL rule (see

Table 4.3 that allows the addition of a new investigator (Fireman4 inour case). This

rule is executed and thus a coordination ow is establishedith the remen coordinator.
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Supervisor(?s) ”~ Coordinatorgroup(?CG)
managesGroup(s,CG) Coordinator(?col) *
hasMember(CG,col) InvestigatorGroup(?IG1) ~
managesGroup(col,IG1} Investigator(?11) *
Investigator(?12)  ~hasMember(1G1,I11)"
CoordinationFlow(?cfl) "hasReceiver(cfl,col) *
hasSender(cfl,s) " CoordinationFlow(?cf3) *
hasReceiver(cf3,I1) ”"hasSender(cf3,col) »

I SWRLb:createOWLThing(CoordinationFlow(?cf5) »
hasReceiver(cf5,12) ”~hasSender(cf5,col)

Table 4.3: Adding a New Investigator SWRL Rule

4.2.3.3 Resources Context Changes Adaptation

When the resource context changes (like a RAM saturation, aRLJ overload or an
energy level decrease) occurs, the adaptation process axpdd is triggered. In this
subsection, we show examples of resources context changapgation that are due to

evolution on the mission or due to the constraints of the emonment (e.g re) or the

nodes (e.g not enough energy). The rst situation, illustrges the case of an important
diminution of the energy level of the device of the remen cadinator. The second
situation corresponds to the case of communication degrada due to mission needs.
The middleware layer, in this case, reacts and provides sttns in the EBC layer and

if it is impossible, it provides suggestions to the missiorupervisor.

4.2.3.3.1 Energy level Diminution For instance, if there is an important diminu-
tion of the energy level of the device of the remen coordinat, the EBC layer launches
the Select() procedure. This procedure chooses a new con guration (e8;.5) which
is adapted to the new context parameters. In the con guratio A5, the two CMs
previously deployed on the remen coordinator device are med to its neighbours:
the remen coordinator, Fireman2, and Fireman3. Within this new con guration, the
remen coordinator device has fewer components deployed @nand thus its energy
consumption will decrease. Later on, the energy level of theemen coordinator device
will fall below a threshold for which the remen coordinatofs device can no more accept
components hosting. In this case, the triggered selectiomgzess will be unable to nd
a valid middleware layer con guration suitable for the new ontext. This means that



70 CHAPTER 4. CASE STUDIES AND PERFORMANCE STUDY

.
.
_> ‘e
.
.
‘e
.
.
.
.
o)

Step 2
R6 is moving away C2 moves to malntaln R4-R6 flow
Connection

........ Low Quality Connection @ @
<«—> Flow
<y Low Quality Flow @

® Robot Step 3 @

@ Coordinator R3 moves to improve

communication quality

Figure 4.9: Adaptation for Connectivity and QoS Preservatn

the required application layer con guration can not be impémented within this con-
text. Therefore, the middleware layer sends a recon gurain event to the application
layer. This event is processed in the application layer in der to produce a new bet-
ter adapted con guration. For instance, we consider that tle application layer decides
to permute the roles of the remen coordinator, and Fireman3Fireman3 becomes a
remen coordinator and the remen coordinator becomes a regar reman: Fireman4.
This recon guration leads to a re nement similar to the one peviously presented. This
minimizes the number of components deployed on the deviceFifeman4.

4.2.3.3.2 Adaptation to Preserve Connectivity and to Impro ve QoS We
consider a group of three robots with their corresponding bmt coordinator. This
corresponds to group3 ofigure 4.4 Figure 4.9 gives a summary of the sequence of
events of the scenario.

Step 0. Initially two ground robots (Robot4 and Robot6 in sed-igure 4.9 are
communicating. The communication ow between Robot4 and Rmot6 is consid-
ered important for their cooperation.

Step 1. In relation with mission objectives (rescue), Rob6thas to move away.
This step could be initiated if a robot receives a recommentian from the su-
pervisor of the mission to nd an injured person in an area neao its position.
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Therefore, Robot6 and Robot4 detect a loss rate increase. tms case, the trig-
gered selection process will be unable to nd a valid middlewe layer con gu-
ration suitable for the new situation. This means that the rguired application
layer con guration can not be implemented within this contet. Therefore, the
middleware layer sends a recon guration event to the applation layer. Thus the
problem (connectivity loss: threshold of adaptability is eached) is reported. A
suggestion of adaptation is decided and sent to each robotQbordinator2 should
move to position X to maintain connectivity").

Step 2. We consider that Robot4 can't move from his positionwt to the mission
constraints. To maintain the communication between Roboténd Robot6, Coor-
dinator2 has to move near Robot6 (step3). Coordinator2 is &to move because
the application layer allows him to do so.

Step 3. Robot6 arrives to the required position, Coordinat@ maintains the
communication between Robot4 and Robot6. Unfortunately,his communication
is not e cient (high loss rate). Coordinator2 detects this problem. An adaptation
policy requires to improve this existing link (if possible)when a threshold of
comfort is reached. A fortuitous discovery robot (Robot3) @&n be used as a relay
for the communication. Robot3 comes close to Coordinatorhd Robot6 and
thus, the communication link quality is improved.

4.3 Application of Graph Grammars Models on

Web Service-Based Applications

In web service-based applications, a set of distributed s@res collaborate in order to
respond to user's requirements. Such a composition is builthile describing the whole
process required by the end user, and querying a repositofyaut the available web ser-
vices (TheWS Discovery Servicg Here, we consider a generic template of architecture
where a Virtual Intermediate Connector (VIC) is used to bindservice requesters. The
VIC can route the requests to e ective service implementatns depending on the opera-
tion being requested and provided, and the global or operati-speci ¢ performances of
the requested service. The VIC asks thé/S Discovery Servicdor required web services
in order to achieve building the composed application. Theesearch process is based
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on functionalities and qualities of the desired web serviceThe architecture graph
to which our approach applies may be characterized by any s@ssive compositions
of the elementary patterns: N;(ServiceRequestey ! N;(V ICType;Interface)) and
N;(VIC) ! Ng(ServiceProvider; performanceAttributes), where N;; N;; N, denote
the graph nodes associated, respectively, with the \SereicRequester”, the \Virtual
Intermediate Connector”, and the \Service Provider". Oncehe composition process is
achieved, the application is ready to be deployed and usedufing runtime, QoS o ered
by each service may be degraded and hence, needs to be sultstit it by rerouting the
requests for one or more operations to di erent service prmlers. A substitution is con-
sidered as the elementary architectural recon guration don after a QoS degradation
detection or prediction for the currently blinded service.Searching for an equivalent
service using thewWsS Discovery Serviceis required to nd, partially or totally, equiv-
alent services. Our representation approach of architegtal con gurations relies on
graphs and graph grammars. Graph grammar theories represean appropriate for-
malism to handle the recon guration process. Moreover, gpt grammars are tractable
and powerful way of handling complex transformations and emacterizing the set of
con gurations without its explicit enumeration. Following the common representation,
a node refers to a web service and a directed edge denotes aodation link.

4.3.1 The Graph Grammar-based rule-oriented recon gura-
tion

We elaborate here graph grammars that implement recon guten policies and min-

imize unnecessary recon gurations. We use the following tations in the sequel:

graph nodes are represented bi;(att;; att,) where \i" allows a node to be iden-
tied in the graph and where att;; att, are attributes of the node. Attributes may

represent properties of the service associated with a givgmaph node such as: the
role : (Requester; P rovidel), the status : (Deficient; Non _Deficient ), etc.

4.3.1.1 Monolithic Service Substitution Policy

Table 4.4 shows the graph grammar for substituting a single WS by ano#én equivalent.
Applying the production pl leads to the unbinding of the de cient WS described by
the sub-graph containing the nodeN, and the edgeN;! N,, and the binding the
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Applying production p1 R=L GG1pi>
of Graph Grammar GG1

NI(Id,VIC,interface) N2(Id2,WS,Deficient) » :> NI(Id,VIC,interface) N3(1d3,WS,not(Deficient))

Figure 4.10: Graphical Representation 06G1 Production pl

substitute WS described by the sub-graph containing the n@iN3; and the edgeN{
Ns3. Figure 4.10 shows a visual representation of this production that unbits the

GG1 = (AX;NT;T;P) with:

T = fN4(Idy; Type;interface); No(Id,; SW; State)g,

NT = fg, and

P = fplg
pl = (

L = fNy(Idy; Type;interface); N,(Id,; WS; Deficient );

N{i  N2g);

K = fNy(ldy; Type;interface)g;

R = fN4(Idy; Type;interface); N3(lds; W S; not(Deficient ));

N{  N3Q)

Table 4.4: GG1: The Monolithic Substitution of a WS

de cient service N; and substitutes it by a Non_Deficient serviceNs.

4.3.1.2 Cost-Aware Composite Service Substitution Policy

The graph grammar described in Tablet.5 describes a composite substitution policy
where requests related to a given operatio®p, of the interface of a WS are routed
to a di erent WS implementing the same operation. This may beuseful in di erent
situations where a new service is discovered and which implents, more e ciently or
less costly, the given operation. This can also be applied @i a particular operation
is over-requested and a where load balancing is necessanhisTcan also apply to a
situation where an operation is implemented in a way that desenot free resources and
its repeated invocation leads to an increasing response 8mAll these situations will be
summarized as an availability” property of a service with respect to a given operation.
Figure 4.11 and gure 4.12 show a visual representation of the productionpl(Op)
and p2(Op) of GG2. Applying the production pl leads to the removal of the edge
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GG2 = (AX;NT;T;P) with:
T = fN.(Idy; Type;interface); N,(Id,; WS; State) g,

NT = fg and
P = fpl p2g
p1(Op) = (
L = fNy(Idy; Type;interface); N,(Id,; WS; Deficient );
[OPL:::0Png .
N]_ ! Nzg,

K = fNy(ldy; Type;interface); No(Id,; W S; Deficient )g;
R = fN4(Idy; Type;interface); N3(lds; WS; not(Deficient ));
(Opl;:::;OpngnOpi Opi

p2(Opi) = (
L = fNy(Idy; Type;interface); No(Id,; WS; Deficient );
fOpig
Nl N2g;
K = fNy(ldy; Type; interface))g;
R Nl(ldl; Type; interface); N3(Ids; W S; not(Deficient ));
N1 Nag))

Table 4.5: GG2: Service Composite Substitution Policy

L i i R=L <GG2,pl>

Applying production p1
{Op,...0p,N[Op,}

of Graph Grammar GG2
{Op;}

{Op,..0p,}
NI(Id,VIC,interface) @ B>

Figure 4.11: Graphical representation o&5G2 production pl

R=L G622
Applying production p2 of <GG2,p2>

(op,} Graph Grammar GG2 {0p,}
NI(Id,VIC, mterface) N2(Id2 WS, Deficient) N3(1d3, WS, not(Def cient))

Figure 4.12: Graphical Representation 06G2 Production p2

N, ! N, , and the addition of the substitute WS as described by the sub
graph containing the nodeN3; and the edgesN; [ OP1OPgnOR: N, and N;! op Ns.

Applying the production p2 leads to the removal of the de cient WS as described by
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Figure 4.13: Proposed Architecture Applied to The FoodShofase Study

the sub-graph containing the nodeN, and the edgeN;! op N, , and the addition of

the substitute WS described by the sub-graph containing theode N3 and the edge
Op;

Nq! Ns.

4.3.2 The FoodShop Case Study: A Web Application

The FoodShop application is concerned with a web servicedwsa application represent-
ing a company that sells and delivers food. The company haslme Shops and several
warehouses\arehousg, ..., warehousg) located in di erent areas that are responsible
for stocking imperishable and perishable goods and delirgy items to customers. The
VIC is deployed within the FoodShop application between each ipaf provider/re-
guester as shown in Figure4.13 The Diagnosis modules exchange information, in
order to coordinate the healing actions. For instance, fohe two linked servicesshop
and warehouseg, the QoS degradation ofwarehouse may propagate toshop from the
client point of view. This triggers a healing process within the twgIC instances. If
not in coordination, eachVIC substitutes its provider. However, the global reasoning
about the degradation deduces that theshop QoS degradation is due to the propa-
gation and only warehouse has to be substituted. The deployment of thecoodShop
within the VIC enables the monitoring at the HTTP level. It extracts paraméers like
IP address, the deployment host, the communicating WS namethe invoked opera-
tions, the execution time and the communication type (synalonous or asynchronous).
These information allow the dynamic discovery of involved grties in the application
and the automatic building of the application pro le. We hawe developed a monitoring
graphical interface with theVIC, in addition to the self-healing features. The collected
monitoring data enable us to draw up dynamically a visualizson window of WS hosts
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Figure 4.14: Initial Architectural Con guration

and invoked operations.

4.3.3 Application of our Approach

To illustrate our approach, we propose the following scenar  Figure 4.14
shows the initial con guration C°. We consider two clients, two shops
and three warehouses. Each shop implements two operations:Op, and

Op.. These operations areOrderProductl and OrderProduct2. Each ware-
house implements four operations: Op;, Op;, Ops and Op. These op-
erations are ReserveProducl,ReserveProduc2, ReserveP erishableP roduct
and ReserveNoneP erishableP roduct Client; invokes the operation
shop,=OrderProductl that invokes the operation warehousg=ReserveP roduct.

Client, invokes the operation shop=OrderProduct2 that invokes the operation
warehouse=ReserveP erishableProduct  Client, invokes shop=OrderP roduct?

that invokes the operation warehousg=ReserveNoneP erishableProduct To il-

lustrate the recon guration policies, two events are condered. The events are
\shop,=OrderProductl degradation”, and \warehouse=ReserveProduct degrada-
tion". In the following, we show the recon guration of the architecture when the
rst policy is used. The architecture is recon gured accorthg to the recon guration

algorithm that implements, in this case, the graph grammar G1 (seeTable 4.4).
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Figure 4.15: Monolithic Service Substitution



78 CHAPTER 4. CASE STUDIES AND PERFORMANCE STUDY

4.3.3.1 Monolithic Service Substitution Policy

When the shop,=OrderP roductl performance is considered as degraded, the \&1%p,

is disconnected and WSshop, is binded to the requester , in order to provide the
service requested by the client as shown i@ = C9%; .p> (s€e Figure4.1y. When
the warehouse=ReserveP roduct interaction performance is considered as degraded,
the WS warehouse is disconnected and WSvarehousg provides the service requested
by the shop, as shown inC** = Cls,.,. (see gure 4.15. We can also have a
WS warehouse that provides the service requested by theshop, as it is shown in
C*? = Clgs,p,» instead ofwarehousq. This policy represents a basic solution that
is e cient in case of a limited service number but in some casegenerates unnecessary
recon guration. This is the case, for example, whemwarehouse is unbound with only
one operation ReserveProduct) at the origin of the QoS degradation. This triggers
the routing request to the equivalent operationReserveP roduc® of warehouse that

is unnecessary ReserveP roduc® is working).

4.3.3.2 Composite Service Substitution According to WS Cos t Policy

To avoid unnecessary con guration enumeration, we propose policy that replaces
the degraded operation based on its cost. The architecturs recon gured according
the graph grammar GG2 (sedable 4.5. When the shop,=OrderP roductl interaction
performance is considered as degraded, trderP roductl of WS shop, provides the
service requested by the client as shown @ = CZ% o> (S€€ Figured.16. When the
warehouse=ReserveP roduct interaction performance is considered as degraded, the
ReserveP roduci of WSwarehousg provides the service requested bshop, as shown
in C* = Clss,,p,> (Se€ Figure4.16. Here, there is another alternative that using
ReserveProduct of warehouse, but ReserveP roduci of WS warehousg costs less.
Hence, the use of this policy avoids the generation of unngsary recon gurations, and
warehouse is still providing the operation ReserveP roduc®.

4.4 Evaluation Experiments and Simulations

We contacted evaluation experiments useing our engine GMTiar executing the graph
grammar transformations, and the rule engine, Jess, for exding the SWRL rules. The
experiments have been achieved under gri@rid'5000 [CCD* 05, an experimental grid
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Figure 4.16: Composite Service Substitution According to & Cost

platform that interconnects clusters geographically distbuted in France. Considered
grid nodes are single core machines (Sun Fire V20z) with an AMOpteron 248 proces-
sor with 2.2 GHz of CPU speed and 2 GB of RAM. The provided netwk bandwidth
is up to 10GB/s. The results will help us studying scalabilig and limits of the cur-
rent models to investigate the tractability of an anticipaion approach for adaptability.
The experimental performance evaluation focuses on exedout time. The experiment
uses 30 machines in parallel. We limited our experiments td@3nachines in one site
(Toulouse). This number can be assumed to be representatif@ commonly available
computing infrastructure of a great number of companies andbs. Using such number
of machines gives a realistic idea about the tractability odur approach in real situation
for design-time purposes.
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Figure 4.17: Execution Time of Applying SWRL {able 4.1) wrt Architecture Graph
Size

4.4.1 Evaluation of Adapting Architecture to Organization
Changes

The results, presented here, were obtained for the recon mation rules executed and
triggered by the SWRL rules (seélable 4.1and Table 4.2 that correspond to the ow
establishment explained insection 4.2

4411 Flow Establishment SWRL Rule Evaluation

We consider the case of the SWRL rule that handles the ow edbishment be-
tween two ERCMS participants. We are studying scalability ad limits of our model-
driven approach implementation. We study the in uence ovethe execution time (see
Figure 4.17 of the architecture description graph size. This correspals to the appli-
cation of the SWRL rule shown inTable 4.1The implementation performs well and
execution time is under 0.3 second for a 10 000 vertex graplke(i a system composed
of 10 000 participants).



4.4. EVALUATION EXPERIMENTS AND SIMULATIONS 81

240

192

[
IS
=

Time (hour)

48

o & S0 o N 2
5 o ®> RSN T e

]

%
L
A%

Graph Number

Figure 4.18: Execution Time of Applyingpl, p2, p3 and p4 of GGcoiiag 1 Epc Wit
Number of Generated Graphs

4.4.1.2 Experimentation of Adapting Architecture to Group Membership
Changes: Adding a New Investigators

The results, presented here, were obtained for the recon mation rules executed and
triggered by the SWRL of Table 4.3 This modi es the mission ontology which trig-
gers a re nement and the generation of the collaboration gpd and its re nement into

a set of EBC Descriptors (middleware graphs). We generateghrst N members of
this graph grammar corresponding to the N rst consistent istances of the architec-
ture. This corresponds to applying production®l, p2 and p3 of GGcoLias ' Esc (See
Table 3.5 whenever it is possible to obtain all consistent architeare graphs. The ap-
plication of production p4 ensures the elimination of unnecessary nodes in the graphs
The production applications include nding all graph matchings and transforming the
architecture graph by adding nodes and edges. The produat®p2 and p3 add one
node and two edges. The productiopl adds two nodes and two edges. The system
takes about nine hours to calculate the 400 000 rst consisteinstances and more than

1 500 000 consistent instances are generated in about 194 rigourhese values remain
acceptable for design-time purposes. Using a unique gridd® the system generates
almost the 400 000 rst consistent instances in about 140 hmi
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4.4.2 Evaluation of Adapting Architecture to Resources
Changes

In this subsection, we show simulation results of executingdaptation to resources
context changes that are due to evolution on the mission or duto the constraints of
the environment (e.g re) or the nodes (e.g not enough energyWe simulate the case
of communication degradation due to mission needs.

4.4.2.1 Connectivity Adaptation and QoS Preservation

We consider here the scenario explained Figure 4.9related to group3 (sed-igure 4.4).
This group is composed of three robots (Robot4, Robot6 and Rot3) with their robot
coordinator (Coordinator2).

4.4.2.1.1 Simulation parameters For the simulation, we consider that Robot4
sends to Robot6 a video ow continuously using MEGP2 protodo We consider X,
as a random variable that represents a Gaussian law with pareeters m and which
characterizes the noise variation on the links. The variatn is related to the distance
between nodes.Figure 4.19gives rst results on the observation of one ow (between
Robot4 and Robot6). The metric observed to evaluate the coentivity and the quality
of the existing ow is the number of lost packets (packet of da that never reaches its
destination).

4.4.2.1.2 Results and interpretations In Figure 4.19 the number of lost packets
increases slowly in Step 0. One minute after the beginning tife simulation, Step 1
begins and Robot6é moves to nd an injured person in an area ne#ds position. The
number of lost packets increases rapidly and reaches the ¢shold. The process of
adaptation is triggered here (see the highest point of the cee in Figure 4.19 and
Coordinator2 moves to avoid loosing the connectivity. Steg starts and the number
of lost packets decreases at the beginning. However, the ruen of lost packets still
beyond the comfort threshold for given time (one minute for wr simulation) and an
additional adaptation action has to be executed. Robot3 haw moves to serve as
a communication relay. It comes near to Coordinator2 and Ra6. This action is
required to enhance the quality of communication. Step 3 gtz and the number of
lost packets decreases. Robot6 arrives at the required gasi while Coordinator2 and
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Figure 4.19: Simulation Results of the Adaptation for Conngivity and QoS Preserva-
tion

Robot3 maintain the communication between Robot4 and Rob6t There is still packet
loses, but in an acceptable level.

4.4.2.2 Energy Evolution

We simulate here the behavior of an investigator that represits the ERCMS partic-
ipants. We study the impact of the communication bu er storhg the outcoming/in-
coming for this kind of node.

4.4.2.2.1 Simulation parameters We focus here, on the energy evolution for each
node. We consider two random variables: X that represents aaRson law of parameter

, Which characterizes the node's message production and, ¥at represents a Gaussian
law parameters m and , which characterizes the bandwidth variation on the linksFor
the memory state, we use a trace of a mobile node previously¢ed while taking into
account the variable X. We calculate the node's energy accling to the node state
(consuming or producing, active, and idle state).
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Figure 4.20: Energy Evolution on Nodes

4.4.2.2.2 Results and interpretations We show inFigure 4.20the curves of node
energy evolution during time with and without adaptability. We plot the curves that
show the energy evolution on the investigator with and withot adaptability that rep-
resent the general evolution of the energy on each node. Weiraate how much time
the node stays \alive" or has enough energy to work properlyVe show here the impact
of the communication bu er of the communication entities onthe nodes. We notice
that the use of adaptability maintains the node running moretime with any bu er
size (bu er size (Mb) = 0, 5, 10, 15, 20). The higher the bu er &e is the longer the
node stays running. If we focus on the 10% threshold the engrgvailable, we no-
tice that without adaptability the node reaches this threslold after 63 minutes. Using
adaptability the node reaches this threshold (10% energy ailable) later than that. In
Figure 4.2Q the 10% threshold of the energy left is reached after 80 mims (resp. 97,
130, 150) using a bu er size equal to 0 (resp. 10, 15, 20).

For this investigator, we notice that adaptability provides more energy due to our
re nement and selection policies that discharge participats when their resources are
decreasing.
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4.5 Conclusion

In this chapter, We have presented present the graph matchgnand transformation
engine that we developed to implement the graph grammars agmach.

We have presented also two application scenarios. In the ERLS scenario, mobile
actors collaborate to manage emergency situations such &®s$e occurring during dis-
asters of forest res. We propose three ontologies to modelatent aspects related to
communication as the activity, collaboration and context.Adaptation actions are also
proposed for adaptation in communicating architecture. Tase actions deal with di er-
ent changing context parameters such as resource consttaiand architecture evolution
requirements. We presented re nement and selection proag@s as well as examples of
external context and of resources context changes adaptats. These examples show
adaptation situations which are due to evolution of the apptation’'s environment. In
the FoodShop scenario, we studied the dynamic recon gurat of Service Oriented Ar-
chitectures for maintaining the Quality of Service in pertubation-prone environments.
Our approach uses graph grammar theories to implement rulélsat characterize the
set of the di erent con gurations candidate to solve compdge or monolithic recon-
guration. Contrarily to enumerative approaches that de ne extensively the di erent
equivalent and valid con gurations, our approach is more ggopriate for handling the
scalablility.

To validate our approach, we conducted an experimental ewaltion using our graph
matching and transformation engine, GMTE, and the SWRL ruleexecution engine,
Jess. Dierent situations show the e ectiveness and the tretability of our approach.
Our results show that ERCMS participant's resources remaim service as required for
mission achievement thanks to our adaptation approach. Siations of disconnection
from the mission groups are highly minimized.






Chapter 5
Conclusion

The adaptation of software architectures to support collabrative communication within
a dynamically changing context has been addressed in this ko the study includes
the automated deployment and management of service-oriewot component-based ar-
chitectures; including recon guration description and hadling at di erent levels of in-
teraction. We elaborated an adaptive multi-level modellig approach for recon gurable
software architectures in order to address this problem. Q@uapproach consistently
handles inter-level adaptation actions by considering a Wer level architecture as a
re nement of an upper level architecture. Firstly, we prowiled a generic level model
based on ontologies as a description formalism, and SWRL fog nement rules de-
scription both for the application and collaboration layes. Secondly, we developed a
graph-based description, and a rule-oriented technique $&d on graph grammars, for
characterization, re nement and selection solution necsary for recon gurable software
architectures.

Adapting the architecture to constraint changes at the lowelayers by switching
among these multiple architectural con gurations keeps th upper layer architectural
con guration unchanged.

This adaptation requires two di erent actions: re nement for deriving low level
candidate con gurations andselectionfor identifying the optimal architectural con g-
uration among all possible architectural con gurations ata given layer.

Mastering the complexity of the design of such systems reges an appropriate
description of its structural properties that will drive the adaptive deployment process
at the di erent levels of interaction and within the di erent deployment nodes.

87
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The adaptation process handles the automatic change of thgstem's architecture,
proactively or reactively, with respect to the observed ewvi#s during run-time. For
instance, architectural components may be deployed, coruoted, and undeployed or
disconnected. The events that lead to applying the adaptain actions are triggered
when changes in the application context occur. We divided &hcontext into external
context, e.g. user preferences, user presence and posijtjomority of communications,
etc.; and execution resource context, e.g. battery level RU load, available memory of
end user devices, available bandwidth etc.

Knowledge representation by ontologies, is used to detecbgential collaboration
situations and to decide when group-wide sessions have to treated, adapted, etc.
Thus, we show that the use of semantic models in order to supp@daptation con-
stitutes an interesting research direction. Adaptation plicies are de ned by means of
SWRL rules. Such rules allow associating the suitable adagtion transformations to
the external context changes. Jess engine is used to proceesde ned SWRL rules.

We implemented a graph rewriting system with expressive goas and rewriting
rules. Compared to the literature, our notations are more gxessive combining the
edNCE and DPO approaches, and allowing the consideration bfbth positive and
negative matching conditions. Experimental studies are oducted to evaluate the
performance of the related implemented tool (GMTE) and showheir e ciency.

We elaborated rules that handle architectural mappings beieen collaboration layer
and middleware layer. Using such a rule-based approach al® correct architectural
recon gurations to handle the architectural adaptation. Qur approach has been suc-
cessfully illustrated for collaborative group communicabn and applied for Emergency
Response and Crisis Management Systems. On base of a gragims$formation engine,
we have simulated our rules with successful scalability tss The scalability study pro-
vided has been conducted to assess the tractability of our qwach when dealing with
large scale group applications.

According to this work, many issues still open and need furér investigation. Inclu-
sion of additional adaptation levels in the proposed frames is needed. The de ned
architectural and behavioral adaptation models are used tdetermine the best deploy-
ment con guration for a given activity related goal. These mdels consider adaptation
at the application, collaboration, and middleware levelsMoreover, the transport level
adaptation can by considered by dynamic micro-protocol assbly. To Il the gap
between the middleware level and the network level, re nindgevent Based Communi-
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cations entities into transport level entities is needed. Eending re nement procedure

and graph grammars should be a solution. Graph grammar extgions can be done
also to handle middleware layer abstractions instead of EB@ontext awareness is an
important aspect of adaptive communicating systems. In casof environmental change
(evolution in the application or resources change), \adaption triggers" play an essen-
tial role in terms of notifying the decision maker about initating adaptation actions.

The issues at hand here are how and when triggers need to beiated. Moreover,

any dramatic change in the situation may not be known in advaze. The challenges
here are: How to take into account past trends when predictinfuture decisions, and
how to handle the external forces causing additional loadver the network and the

deployment nodes.

Adaptive systems implementing decision distribution are wore likely to ensure ro-
bustness and scalability. Distributing intelligence is nbeasy, especially in the case
of adaptation, which needs special attention. A distributd decision should feature
high availability requirements and always be available to @plication entities. Future
work will include the de nition of richer selection policies (considering further archi-
tectural characteristics). In addition, assigning prioriies to ows as well as monitoring
resource de ciencies present interesting challenges. NBuanctional properties, such
as resilience and on-demand decision to handle priority neests have to be considered.
Non-cooperative situations like QoS and performance deglaion and connectivity loss
are topics of research worth considering.

We are interested in supporting collaborative activities @quiring dynamic implicit
group-wide collaborative sessions. Such sessions areiatgtd spontaneously without
user intervention and use potential collaboration situabns. Therefore, spontaneous
sessions have to be detected, established, and then adaptedccontext changes. The
design and implementation of mechanisms enabling the spantous setup of implicit
sessions need to be considered.






Chapter 6

Extended French Abstract/Resune

6.1 Introduction

Les nouvaux environnements communicants combinent pluais caraceristigues com-
plexes telles que la mobilie, les interactions ad-hoc,lBerogereie des dispositifs, les
communications sans |, etc. qui posent de nouveaux e s ausysemes de communi-
cation charges d'assurer le transport des informationseéhangees.

Dans ce contexte, nous nous ineressons plus pecienmeaux activies merees par
des utilisateurs organises en groupes. Ces activies, ppees aussi activies collabora-
tives, peuvent kere cier des opportunies o ertes par | es environnements communicants
en les exploitant intelligemment. Par exemple, dans les ®&mwes collaboratifs clas-
siques, ce sont les utilisateurs qui doivent indiquer expltement le fait qu'ils veulent
initier une session, inviter des participants, etc. Dans uanvironnement communicant,
le syseme peut reconnaitre les situations de collaborian potentielles (implicites) et
mettre en uvre des sessions spontarees pour soutenir la kaboration entre les par-
ticipants.

Le concept decontexte est ties important pour les sysemes communicants collat-
ratifs (SCC). Le contexte peut étre divie en deux partieselative d'une part au contexte
externe(par exemple la pesence et la position des utilisateursglirs petrences, I'heure
de la jourree, etc.) et d'autre part au contexte des ressourcede niveau de la batterie
des dispositifs, la quantie de nmemoire libre, le cebit des communications, etc.).

Une fois que le contexte est captue, le syseme doit epadre aux changements
eteces. Ceci traduit une adaptation au contexte Par exemple, si un nouvel utilisateur
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arrive dans un groupe, l'architecture du syseme logicietjui soutient la collaboration
doit changer ; par exemple des composants devront &tre aotatiquement ceployes sur
la machine de cet utilisateur a n qu'il puisse envoyer et reavoir des donrees.

Dans ce contexte, notre travail vise a gerer dynamiquemenl'adaptation des ar-
chitectures des applications logicielles distribtees deenvironnements communicants
collaboratifs. Pour ce type d'applications, il est recessre de pouvoir modier dy-
namiquement leur architecture en ceant des composantsn ées interconnectant, ou en
les supprimant, et ce pendant I'execution des applicatian Cette dynamicie epond
a des contraintes lees a des variations de capacies deommunication, de calcul et
denergie, ainsi que desevolutions dans la nature des aeies qu'elle soutiennent.

Dans ce memoire nous proposons une approche oriente-mledoour la recon gura-
tion dynamique des applications logicielles. Cette apprbe est base sur des techniques
orienees-egles. Les egles permettent des actions deansformationeementaires rel-
atives, par exemple, aux composants logiciels qu'il fauttneduire, supprimer, activer
ou cesactiver, ou aux liens d'intercependances (entre eoposants) a introduire ou a
supprimer. L'approche de mocklisation que nous ¢ nissas dans ce manuscrit, cou-
vre plusieurs maillons de la chame de description archdeirale. Les instances des
architectures sont decrites par des graphesetendus aek composants sont repesenes
par des nuds et les intercependances (par exemple les coarions entre les n uds)
sont cecrites par des arcs. Les styles architecturaux, pmettant de decrire toutes
les instances consistantes d'une application a architeate dynamique, sont species
par des grammaires de graphes etendues. Les extensionsoawnent, par exemple,
I'introduction de variables typees dans les productions € grammaires et la notion de
restrictionsa I'applicabilie de ces productions. Cette approche de mocktlisation traite
aussi la description des contraintes et des proprees ahitecturales d'une application.
Ce type de contraintes est sgecie par I'absence ou la psence de motifs dans les graphes
cecrivant I'architecture. Leur \eri cation automatiqu e est ealiea I'aide d'algorithmes
de recherche d'homomorphismes. Un autre inerét de I'appche de description concerne
la possibilie d'extraire des paranetres et des proprées architecturales (par exemple le
nombre maximal de services eementaires composant un s&e composite, une struc-
ture de l'orchestration ou des intercependances entre cgosants). Dans ce manuscrit,
nous traitons de manere cetailee un cas detude relatfs aux ogerations d'intervention
d'urgence. Dans le cadre de ce cas detude, nous considsarois niveaux d'adaptation
architectural relatifs aux niveaux application, collaboation et middleware, que nous
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caracerisons ci-apes. Des ra nements sont & nis pour permettre de transformer des
descriptions d'architectures consiceeesa un niveau dnre vers les descriptions corre-
spondantes dans un autre niveau. Nous pesentonsegalenteine implantation qui suit
cette approche et qui peut etre utilisee par les conceptesi de SCC comme base pour
I'execution des applications.

Outre letat de l'art, le memoire est structue en trois p arties principales que nous
esumons ci-apes. La premere partie (esunee en setion 7.2) cecrit I'approche pro-
pose pour la moctlisation des architectures logiciebe La deuxeme partie (esunee
en sections 7.3 et 7.4) cecrit I'application de la nethodtogie propose au contexte des
sysemes communicants, avec pour cas detude les openians d'interventions d'urgence.
En n, les esultats experimentaux de la dernere partie de la trese sont esunes en sec-
tion 7.5. Les conclusions et perspectives de nos travaux s@sunes en section 7.6.

6.2 Approche grerigue de mocklisation

Dans cette section, nous pesentons une approche gergtie pour la mocklisation des ar-
chitectures logicielles. Cette approche introduit plusigs niveaux d'abstraction dans le
but de sparer les dierentes probematiques abordees La complexie est ainsi eduite,

ce qui permet une conception du syseme plus claire et pludlerente. Nous appli-
guerons par la suite cette approche au cas des sysemes caminants collaboratifs.

6.2.1 Moalisation Architecturale Multi-niveau

Dans notre approche, les moceles manipuks repesentenles con gurations architec-
turales, c'esta-dire, des ensembles d'enties logidies distribtees sur un ou plusieurs
n uds d'execution et relees entre elles par des liens de @ammunication. Une con g-
uration architecturale (ou plus simplementarchitecture) est cenoee A, ai n est le
niveau d'abstraction consicee (n 2 N) et i est un index permettant de distinguer les
con gurations (i 2 N). Pour chaque con guration architecturaleA,; de niveaun, il

existe plusieurs con gurations architecturalesA, 1.1;:::;A, 1p) qui I'implantent au
niveaun 1, c'esta-qui repesentent un ra nement ou une vue cetailee de Ap; (voir
Figure 6.J).

En cereral, les architectures des niveaux superieurs st cetermirees par les exi-
gences de haut niveau de l'application consickee, tandique les implantations possi-
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Figure 6.1: Approche de mocktlisation multi-niveau.

bles aux niveaux bas sont contraintes par les ressourcespaisibles. L'adaptation du
sysemea ces exigences eta ces contraintes se fait donarde biais des con gurations
architecturales retenues a chaque niveau. Quand l'adaptiian impose un changement
au niveaun, un moctle est choisi parmi les moctles du nivean 1 qui implantent
le nouveau mockle de niveaun. Si l'ancienne et la nouvelle con gurations au niveamn
ont des implantations communes au nivean 1, cela veut dire que la con guration
de niveaun 1 actuelle implante aussi la nouvelle con guration de nivean, et en
congquence le processus d'adaptation s'arréte . Kin, il faut continuera choisir des
implantations dans les niveauxh 2,n 3, ..., 0. La proedure gererigue de ra nement
permet ce ra nement.

1 Refine()

2 f

3 Soit A, l'ensemble de configurations architecturales au niveau n

4 Soit A, 1 l'ensemble de configurations architecturales au niveau n 1

6 Soit Ani 2 Ay, i 2 N une configuration architecturale donree
7 Calculer AL ;=fA, 1; 2 A, 1 tel que A, 1j implante A,i;j 2 Ng
8 9

Table 6.1: Proedure gererique de ra nement

L'architecture du niveau le plus bas repesente la distribtion physique des com-
posants sur les machines peut donc &tre utilisee pour e teer un ceploiement au-
tomatique de ces composants. Ce ceploiement automatiquesteealis par un ser-
vice de ceploiementqui prend en entee l'architecture de niveau O et qui e ecte les
eploiements recessaires pour mettre en uvre la con guation y cecrite. Les actions
de ceploiement de composants sont bases sur la technale@SGi OSGO07.
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La technique d'adaptation que nous avons cecrite a besoineddeux actions
dierentes : le ranement et la ®lection. Ces deux actions sont expliquees dans la
section suivante.

=

Select(Policy)
2 f
3 Soit Anp 2 A, P2 N
4 Soit C repesentant les attributs contextuels
(i.e. energie et memoire disponible)
5 Slectionner S;=fA, 1x 2 Af ;;k2 N tel que
Context_Adaptation(A, 1x;C) Context_Adaptation(X;C);8X 2 AP .g

if card(S;) 61
7 si Policy = Dispersion
8 Slectionner S;=fA, 1x2S;, k2 N tel que

Dispersion (A, 1x) Dispersion(X);8X 2 S;g
9 si Policy = Distance
10 Soit App et Ang2 An, p;g2 N
11 Soit A, 1 limplantation courante au niveau n 1de Ay,
12 Slectionner S, =fA, 1« 2 A} ;k2 N tel que
13 Relative_Cost(A, 1p;An 1k) Relative_Cost(A, 1, X);8X 2 Sig
14 si card(S;) 61
15 Slectionner une configuration architecturale parmi S,
16 g

(o3}

Table 6.2: Proedure gererique de slection.

6.2.2 Pro@dures greriqgues de Ra nement et de Slecti on

Le ranement permet de calculer, a partir d'un mockle de niveaun, I'ensemble de
mocktles de niveaun 1 qui implantent le mocele donre. Nous consicerons la praedure

cererigue de ranement Refine() , pesenee dans laTable 6.1 Cette proedure est
cererique du fait que le mot implante, dans la ligne 7, aura une signi cation dierente

pour chaque niveau d'architecture. Dans un niveau, une forgue tous les mockles
possibles pour ce niveau ontek obtenus, il est recessai de slectionner le moctle
retenu. Le moctle choisi repesente I'architecture quiera e ectivement ceployee. Nous
appelons ceci le processus delection. Nous consicerons la proedure gererique de
lection, Select() , pesente dans laTable 6.2
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Cette proedure utilise, en premier lieu, les donrees dimonibles sur le contexte
d'execution des machines (par exemple la quantie de nmemire disponible ou le niveau
de batterie des dispositifs) poureliminer les con guratbns qui sont incompatibles avec
ces contraintes. Pour cela, elle utilise la proedur€ontext _adaptation() , cetailee
dansTable 6.3 qui a ecte une valeura chaque architecture. Plus une argtecture est
adapee au contexte actuel, plus sa valeur sera grande. Laxchitectures incompatibles
avec le contexte actuel recevront une valeur del, ce qui veut dire qu'elles ne pourront
pas etre retenues pour le ceploiement.

Si plusieurs architectures ont la m&me valeur maximale,@sk la proedureSelect()
utilise une politique plus ne pour ceterminer la meilleure architecture. Cette poli-
tiqgue peut s'appuyer, par exemple, sur letendue de la egrtition des composants dans
I'architecture (fonction Dispersion() ) ou sur le nombre de receploiements a faire si
I'on part de la con guration actuelle pour arrivera la con guration consiceee (fonction
Relative _Cost() ). Ces fonctions sont cetailees dans lesTable 6.4 et Table 6.5 dans
le cadre de l'application de l'approche au cas des sysemesmmunicants collaborat-
ifs. Notons que la proedure de slection peut &tre fa@ment modiee pour consicerer
d'autres politiques.

6.3 Application au cas des Sysemes Communicants
Collaboratifs

Dans cette section, l'approche gererale de mocklisatio introduite dans la section
peedente est appliqiee a la mocklisation des sysemes collaboratifs dans des envi-
ronnements communicants (SCC). Le but est de speci er lesrpbemes interentsa ce
type de sysemes et de proposer un cadre conceptuel pourdaonception. Pour cela,
nous identi ons un ensemble de niveaux pertinents pour lesgls nous proposons des
mocktles et des transformations.

La partie gauche de laFigure 6.2 illustre les niveaux retenus. Ces niveaux sont
gereriques et peuvent ainsi etre utiliees (et implantes) de facon dierente par des concep-
teurs de sysemes dierents. Cependant, nous proposonsneg implantation de ekrence
(actuellement en cours de ceveloppement) qui peut &tre ilisse comme cadre de con-
ception et d'execution pour des SCC. Nos choix pour les formlismes et les technologies
utiliees dans les moctles et les transformations dans detimplantation sont illustes
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1 Context_Adaptation()

2 f

3 Soit A4 une configuration architecturale au niveau 1

4 Soit N = card(Azq)

5 Soit Resourcq :::Resource l'ensemble des ressources consiceees
6 Soit R = card(f Resourceq :::ResourceQ)

7 Soit nodd' un nud de dploiement i de Ay

8 Soit L! le niveau de la ressource r pour node

9 Soit T, le seuil assoce a la ressource r

10 ! r 2 [1L:R] les poids assoces a chaque ressource r pour node
11 Soit , r 2 [1L:R] les poids assoces a chaque ressource r pour Ajg
12 Soit cadapt=0

13 Pour chaquei 2 1::N

14 pour chaquer 2 1::R

15 Pl= 1Ll T

16 si P, 0 alors retourner -1
17 fin pour

18 fin pour

19 Pour chaquer 2 1R

20 cadapt=cadapt+ , min;(P})
21 fin pour

22 retourner cadapt

23 g

Table 6.3: Proedure d'adaptation au contexte

dans la partie droite de laFigure 6.2 Les paragraphes suivants cecrivent brevement
les niveaux retenus.

6.3.1 Niveau application

Le niveau superieur est le niveawuapplication. Ce niveau contient lesekments de haut
niveau qui ce nissent le netier de I'application. Parmi ces eements, on trouve les
interfaces utilisateur, les modules de curie, les metks de donrees netier, etc. Tous
leseEments concernant la collaboration sont captueslans le mockle architectural de ce
niveau, Az;l. En conequence, ce mockle est une vue netier des ensequi collaborent
et des relations existantes entre elles.

1Bien sor, la repesentation d'autreseements ne concernant pas la collaboration peut etre envisagee.
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1 Dispersion()

2 f

3 Soit Agq une configuration architecturale au niveau 1
4 Soit node' un nud de ceploiement i de Aiq

5 weight=0

6 Pour chaque node/

7 si 9CM ceploye sur nodqq alors weight=weight+1
8 retourner weight

9

g9

Table 6.4: Proedure de calcul de la dispersion

1 Relative _Cost()

2 f

3 Let Apq et Apy deux configurations architecturales au niveau 1

4 Soit nodqq(componenl;) un nud de cploiement de component 2 Aqq
5 rcost=0

6 Pour chaque component 2 Ayq[ Ak

7 si nodqq(componentj) 6 nodé(componenq) alors rcost=rcost+1

8

9

Table 6.5: Proedure de calcul du co(t relatif

Dans notre implantation, le mockle de niveau application & une ontologie, cecrite
au moyen du langage OWL (le standard du web smantique poum ldescription
d'ontologies) BWMO04]. Nous avons fait ce choix car les ontologies sont un sysem
de repesentation des connaissances bien adapt a l'ergssion de concepts de haut
niveau, proches des activies humaines, ce qui est le casndace niveau. De plus, elles
permettent de ealiser des inerences et des raisonnentence que nous exploitons pour
faire le ra nement du niveau application vers le niveau suiant.

Nous consicerons, comme commurement fait dans les sysges ontologiques, deux
niveaux d'ontologies : une ontologie gererique de la caboration (qui cecrit des ses-
sions, des utilisateurs, des roles, des ux de donrees,cet voir [STV08]) et des on-
tologies speci ques a chaque application. Les ontologge speci ques sont ¢k nies par
les concepteurs des applications, tandis que I'ontologergrique est fournie dans notre
implantation?.

2Cette ontologie est disponible sutttp://homepages.laas.fr/[gsancho/ontologies/session s.owl .
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Branche du concepteur Branche du concepteur
du framwork de l'activité
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Modéle du domain:
Ontologie (OWL) Modéle de l'activité
Ontologie (OWL)
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Graphe (GrapML

Modéle middleware:
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Figure 6.2: Cadre de moctlisation pour les SCC et technolgg d'implantation.

6.3.2 Niveau collaboration

Le niveau suivant est le niveaucollaboration Ce niveau repesente des groupes
d'utilisateurs organies en sessions aJ ils communiqueavec des ux de donrees. Le
mocktle du niveau collaboration, A, est un graphe (un diagramme de collaboration
dynamique ; voir BDVTO04]) qui contient la structure d'une ou de plusieurs sessions.
Une sessionest un ensemble deux de donrees (texte, video or audio). Chaque ux a
comme origine et comme destination de®mposantdogiciels dierents. Les composants
font partie d'un outil. Les composants sont ceployes dans desuds , qui repesentent
les dispositifs des utilisateurs. Le graphe contenant ceBments est exprine avec le
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langage GraphML, un dialecte de XML pour la repesentatiorde graphes.

6.3.3 Niveau middleware

Le niveau suivant est le niveaumiddleware Ce niveau supporte un mocele de communi-
cation qui fait abstraction des cetails de bas niveau (tel ge les sockets TCP, les adresses
IP, la di usion, etc). Ce niveau peut etre base, par exem@, sur des paradigmes connus
tels que le paira-pair, les appels proeduraux a distanse, CORBA, etc. Dans notre
cas, le paradigme retenu est la communication orieneeenement (Event-Based Com-
munications ou EBC, [MCO02)) ; lesekments repesenes dans ce mockle sont ainsiles
producteurs devenements (EP), des consommateurs demements (EC) et deschannel
managers(CM), ainsi que les liens entre eux. Le moctle correspondam ce niveau
est un graphe repesentant ces dierents eements et il estegalement exprine avec le
langage GraphML.

6.3.4 Niveau infrastructure

Le dernier niveau est le niveaunfrastructure. Ce niveau repesente tous lesekments
logiciels et matriels qui sont recessaires pour I'exadion d'applications dans les dis-
positifs. Par exemple, on y trouve le syseme d'exploitatin, les pilotes, la pile TCP/IP,
les capteurs, etc. Nous faisons I'hypotlese que cesetmts sont disponibles et qu'ils
ontee correctement con gues ; il n'y a donc pas de modde assocea ce niveau.

6.3.5 Implantation du ra nement et de la ®lection

Les trois premiers niveaux de mocklisation des SCC induisedeux operations de raf-
nement et de lection pour ealiser les transformatiors d'un niveau vers le niveau
inerieur.

Puisque les moctles de niveau application sont exprimes/@c des ontologies, nous
avons retenu I'execution de egles SWRLHPSB' 04k pour le ra nement d'un mockle
de niveau application vers un mockle de niveau collaborain. En e et, ces egles
s'appliguent sur leseements d'une ontologie et peuventes modi er, en ceer d'autres,
etc. De cette facon, en fonction des instances des concepts niveau netier exprimes
dans l'ontologie, les egles extrairont le sctema de calboration implicitement contenu
dans cette ontologie. Ce schema esultant sera exprinmeedon les concepts de I'ontologie
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gererique de la collaboration. Puisque l'ontologie geerique de la collaboration et les
mockles de niveau collaboration contiennent deseemeégequivalents, la traduction de

l'ontologie en un graphe GraphML est une tache relativemérsimple et automatique

car les deux langages sont des dialectes de XML. L'applicati d'un ensemble de egles
SWRL sur une ontologie de niveau application produit un seuhoctle de niveau col-
laboration. Le processus de lection n'est donc pas ressaire pour cette premere
transformation.

Puisque les moctles de niveau collaboration et de niveau dadieware sont des
graphes, la technique ddransformation de graphesest adapee pour ealiser le raf-
nement entre ces deux niveaux. Plus concetement, nous iisons des grammaires de
graphes gereratives Cho54.

Nous nous appuyions sur les graphes abstraits de composamsACG en anglais.
L'approche ACG est une structure marglee et gererique ge nous employons pour
e nir les graphes d'architecture (ACG totalement instances), et les graphes de egles
(ACG partiellement instances). Les graphes cdecrivent me architecture comme un
ensemble de composants assoces aux n uds du graphe et unsemble d'arcs cenotant
les relations d'intercependance entre ces composants.

Dans une structure ACG, les nuds decrivent des composantdogiciels et sont
marques par les champs suivants : l'identi ant de composanle type de composant, la
session, le type des donrees traiees et la localisatiorudcomposant (par exemple, la
machine sur laquelle il est execue).

Nous distinguons deux catgories de nuds : les nuds de mles et les nuds
de graphes. La dierence entre ces deux types de nuds est gule premier est une
abstraction d'un type de composants et peut avoir des champariables, alors que le
second corresponda un composant instance de l'architaae et ne peut donc avoir que
des champs totalement instances.

Nous avons ¢k ni une grammaire de graphes dont les n uds notterminaux sont
leseements du graphe de collaboration et les n uds termnaux sont des enties EBC.
Ainsi, un graphe de niveau collaboration produit un ensemblde graphes de niveau
middleware qui l'implantent. Ceci est eali® a travers la proedure de ra nement
base sur la grammaire de graphes pesenee dans Table 6.6 utilisant les production
de la grammaire de laTable 3.5

Une architecture est decrite par un graphe enrichi permetint d'inegrer les dierents
paranetres de ses composants et leurs intercependancddous utilisons le concept de
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Soit A, ; I'ensemble des configurations
architecturales du niveau n qui raffinent Ani

Table 6.6: Proedure de ra nement base grammaire de gralpes

style architectural pour cecrire les architectures dynamiques et la sgeci caon de leurs
instances consistantes. Un style architectural est caragge par un mocele base sur des
grammaires de graphesetendues. Nous utilisons une appnecformelle permettant de
cecrire les sysemes de transformation pour traduire unelescription ce niea un niveau
d'abstraction donre vers un autre niveau d'abstraction. @tte approche se base aussi
sur les grammaires de graphes. Nous inegrons dans ce fofisrae des necanismes
de type NCE. Enn, nous pesentons une approche de mocekdion permettant de
caraceriser lesevenements et les egles ainsi que lgzotocoles de recon guration des
architectures. Nous utiliserons pour la caracerisatiordes egles de recon guration des
egles de transformation de graphes consicerant des comidns d'application regatives
et des instructions de connexion de type NCE.

Notre implantation s'appuie pour cela sur un moteur de trarfermation de graphes.
La proedure gererigue de <slection est utilie ici pour choisir I'architecture op-
timale a retenir pour ceploiement. Il sut de faire des choix pour les fonctions
Context _Adaptation() , Dispersion() et Relative _Cost() .

6.4 Cas détude

A n de cemontrer la faisabilie de I'approche, nous avonspris le choix de pesenter un
traitement cetaile du cas detude des operations d'intervention d'urgence (OUI). Au
travers de ce cas detude, nous avons consicee des exigees d'adaptabilie dues aux
changements du contexte d'execution, a la panne des compants eta des contraintes
lees au provisionnement de la QdS (par exemple le taux de e de messages).

Les OIU impliquent des groupes structues de robots ou de m®nnels militaires
cooperant pour la ealisation d'une mission commune. Lesements de l'architecture
possdent dierents réles et disposent de ressourcesegales en capacies de commu-

3Disponible sur http://homepages.laas.fr/khalil/GMTE
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nication, en CPU et enenergie. lls sont ceployes sur des mchines xes et mobiles
et communiquent via des eseaux laires et sans |. L'active comporte deux phases
d'execution correspondanta une phase d'exploration du ltamp d'investigation eta
une phase d'action faisant suite a la decouverte d'une sitation critique. Les rbles
dans l'application et la structure des interactions entre articipants evoluent d'une
etape a l'autre pour s'adapter a levolution des objectifs applicatifs et du contexte
d'execution. Trois niveaux d'abstraction sont identie s en qui font ektrence a trois
couches protocolaires : application, collaboration et mithleware. Cependant, le principe
d'incependance des couches OSI est remis en cause en agtmt la prise en compte,
au niveau consicee, d'informations dont la mantiqueest d'un niveau dierent; c'est
le principe de base du cross layering ai une eorganisatioa ectant un niveau de
l'architecture peut se traduire par une eorganisationaun autre niveau architectural.
Les composants logiciels, qu'ils reevent des couches é&ipation, collaboration ou mid-
dleware, auronta prendre en compte des besoins multiplesexolutifs dans le temps
lesa l'activie cibkee,a la mobilie des utilisate urs, aux ux de donreesechangs (au-
dio, vicko et texte) et aux contraintes de I'environnementde communication. De plus,
levolution de la mission induira irevitablement des changements dans la herarchie et
dans la structure des cooperations entre intervenants, paxemple, suite aux informa-
tions acquises par les investigateurs sur le terrain ou seiifiux cecisions du superviseur
et des coordinateurs de la mission. La collaboration est bassur lechange de donrees
entre participants, notamment des donrees d'observatioat des donrees d'analyse, pro-
duites periodiqguement ou imnediatement apes unewenement particulier. Uneequipe
d'intervention d'urgence est ainsi constitiee de partiggants ayant dierents réles : un
superviseur de la mission, plusieurs coordinateurs, et plaurs sections d'investigateurs.
Le superviseur de la mission gere I'ensemble des coordieats et chaque coordinateur
dirige une section d'investigateurs A chaque roéle correspondent les fonctions suivantes

Un superviseur a pour fonction de diriger et dautoriser lesctions qui sont
tekglees aux coordinateurs. Le superviseur est I'eri qui supervise toute
I'application, il attend des rapports de tous ses coordinatrs qui syntlretisent
le contexte courant de I'application et I'informent du ceroulement de la mission.
Le coordinateur est ceploye sur une machine xe, il dispos d'un acesa lenergie
permanent et de capacies de communication et de CPU cortmentes.



104 CHAPTER 6. EXTENDED FRENCH ABSTRACT/R ESUME

Selon les actions et les objectifs assigres par le supeeuis un coordinateur doit
diriger ses investigateurs en leur assignant des tachessecuter. Il doitegalement
collecter, interpeter et synthetiser les informations recues des investigateurs et
les di user vers le superviseur. Les coordinateurs sontoyes sur des machines
mobiles.

Les investigateurs ont pour fonction d'explorer le champ egtionnel, d'observer,
d'analyser et de faire un rapport cecrivant la situation aw coordinateurs qui les
contrélent. lls sont ceployes sur des machines mobilest elisposent, donc, de
ressources limiees enenergie et en CPU.

Les fonctions assigrees aux participants impliquent d'cderver (D) le champ
d'investigation et de rapporter (P) sur ce qui est obsene.Les donrees de retour D
sont des donrees descriptives tandis que les donrees déote P sont des donrees pro-
duites et expriment l'analyse de la situation par un invesgateur ou un coordinateur.
Le superviseur supervise I'ensemble de la mission, en dait des actionsa executer
en fonction des objectifs operationnels et de l'analyse deetours P transmis par les
coordinateurs. Il posede sous ses ordres, au moins un abhoateur, et chaque coordi-
nateur possede au moins un investigateur. Un coordinatewgst en charge de la partie
de la mission qui lui aet assigree par le superviseur. Itecide localement des actions
a executer en fonction de I'observation et de l'analyse dedonrees D transmises par les
investigateurs. Pour prendre cette cecision, le coordinaur peutegalement utiliser les
donrees P transmises par les investigateurs. Les coordiears rapportent levolution
de la sous mission au superviseur en utilisant des donrees ittour de type P.

Pour la mocklisation de l'activie OIU nous avons ¢ ni u ne ontologie. Le con-
cept principal de cette ontologie est le concefRarticipant qui a plusieurs proprees.
Les dierent types de participant ( Supervisor , Coordinator , et Investigator ) sont
mocklie en tant que sous-concepts dont chacun possdergprees additionnelles.
Un Participant appartient a un Group qui est gee par un Manager Un Manager
peut &tre un Supervisor qui gere un CoordinatorGroup ou un Coordinator qui gere
un InvestigatorGroup . L'autre concept important de cette ontologie est le concép
Entity . En e et, le concept Participant  rerite du concept Entity qui peut &tre soit
Atrtificial soit Human Plusieurs participants humains sont repesenes par le con-
cepts : Fireman, Pilot , ouWalker. Plusieurs participants arti ciels sont repesent par
les concepts : correspondant a des robots ou des \ehiculésnphibiousRobot Drone,
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et GroundRobo}.

Cette ontologie est leea I'ontologie de collaborationa travers les concepts$-low et
Entity qui correspondent aux concepts de collaboratiorCommunicationFlowet Node
Nous avons utilie I'ontologie pour cecrire le contexte gi est leea ontologie de l'activie
OlUa travers le conceptParticipant . Nous pesentons un ra nement complet pour la
phase initiale de I'OIU. Nous avons expligte le ra nement ¢ les proedures de lection
ainsi que des exemples pesentant des adaptations a [Hution du contexte externe et
des ressources de communication et d'execution. Ces exdagpmontrent des situations
d'adaptation qui sont duesa levolution de I'environnement de l'activie.

6.5 EXxgrimentations etevaluations

Pour implanter notre approche, nous avons cevelopge un nieur d'appariement de
transformation de graphes (GMTE : Graph Matching and Transfrmation Engine). Le
GMTE est un outil e cace que nous avons mis en uvre en C++. Cet outil est bae
sur une extension de l'algorithme de MessmeMgs9]g. Il est capable de rechercher
des moctles de graphes petits et moyens dans des graphesaiketimportante. Une
analyse de la complexie de notre algorithme de calcul aete ecttee qui a monte
sa performance. Nous avons egalement monte que, lorsqupie les etiquettes sont
consiceees comme des constantes, cette complexie esimilaire a la complexie de
l'algorithme de Ullmann [UII76]. Nous utilisons deux mockles de graphe : les graphes
de egles et les graphes hote qui sont des graphes marqugsn graphe de egles peut
etre totalement ou partiellement instance. L'uni cati on est e ectwee pour lesetiquettes
non instancees.

L'outil peut etre utiliee d'une manere non-interactiv e, en tant que une bibliothreque
C++ qui fournit une API qui peut etre invogea partir d'un programme C++ ou d'un
programme Java. L'outil peut &tre utili via un executable C++ qui lit un graphe de
egles et un graphe hoétea partir des chiers TXT ou XML.

Le standard XML utilie est GraphML (graphique Markup Language). GraphML
est un format de chier bas sur XML pour les graphes. Il se gopose d'un noyau qui
permet de cecrire les proprees structurelles d'un grghe et o re aussi un mecanisme
d'extension exible pour ajouter des donrees speci quea I'application. Contrairement
a de nombreux autres formats de chier pour la repesentaibn des graphes, GraphML
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n'utilise pas une syntaxe personnaliees. En e et, il estdse sur XML et donc iceal
comme cenominateur commun pour tous les types de services production, d'archivage
ou de traitement de graphes.

Notre outil aee assocea une interface utilisateur compos notamment des zones
et desekments suivants:

Une barre de menu orant a l'utilisateur de nombreux eements tels que la
ceation, la suppression et la sauvegarde des projets, dgaphes et des egles.

Une barre d'outils que l'utilisateur peut utiliser pour editer des graphes et des
egles (sauvegarde, annuler, refaire ...).

Un explorateur de projets donnanta l'utilisateur un arbre qui repesente la liste
des projets, des graphes et des egles ouverts.

Un panneau de composants contenant une liste de boutons pauwser des noeuds
et des liens.

Une zone dedition de graphes qui ore a l'utilisateur la possibilie d'ouvrir,
d'a cher et dediter des graphes hotes.

Une zone dedition de egles qui ore a l'utilisateur la p ossibilie d'ouvrir,
d'a cher et dediter les egles.

Une zone de visualisation des graphes transfornmes esaltits des applications des
egles aux graphes hotes.

Par ailleurs, nous avonsetude la recon guration dynamgue des architectures ori-
enkees services pour le maintien de la qualie de serviceads les environnements com-
municants sensibles au contexte. Nous avons adopte un neld d'architecture virtu-
alie qui peut faire face au probeme de I'adaptation deal communication demandeur-
fournisseur dans des situations dierentes eta dierents niveaux d'interaction. Notre
approche utilise la theorie des grammaires de graphes ponmnettre en uvre des egles
qui caracerisent I'ensemble des con gurations candid&s adapees au contexte. Con-
trairement aux approches enuneratives qui ce nissent fensemble des con gurations
valides, notre approche est plus appropree pour le passag lechelle qui caracerise
sansenunerer les con gurations valides. |l peut gerer @s applications Web dans une
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vision du monde ouverte comme dans les activies de collatation ai le nombre de
participants peut varier d'une manere incontroke et impevisible.

Pour valider notre approche, nous avons e ectle des expances devaluation en
utilisant notre moteur GMTE et le moteur de egles Jess. Nos avonsegalement simue
egalement les attributs architecturaux quantitatifs. Pour ceci nous avons utilie la
grille de calcul Grid'5000. Les grilles informatiques sont des plate-formes de caleul
grandeechelle, lreerogenes et distribltees. Le conget de grille informatique correspond
a la ealisation de vastes eseaux mettant en commun deseassources informatiques
geographiquement distantes. Les grilles de calcul perntednt d'e ectuer des calculs et
des traitements de donreesa uneechelle sans peecdénlLe concept de grille peut en-
glober des architectures maerielles et logicielles tedierentes, en fonction des objectifs
recherches. La plate-formeGrid'5000 est une grille maerielle et logicielle, interconnec-
tanta tes haut cebit une dizaine de clusters de PC de granles tailles. Pour xer un
ordre de grandeur, chaque cluster peut comprendre 500 westde calcul, d'ai le total
de 5000 qui donne le nom de code du proj€irid'5000 [CCD* 05].

Nous avons simuk dierentes situations montrant I'e ca cie de notre approche. Nos
esultats montrent qu'un participant I'OIU a plus de ressaurces pour poursuivre sa mis-
sion grace notre approche d'adaptation. Les situations d&connexion de participant
de la mission sont fortement eduites.

Nous avons evalle les temps d'execution des egle SWRL atamment la egle de
mise en place de ux (c.f.Figure 4.17, nous avons exgerimene le temps de calculs des
recon gurations architecturales notamment celles qui sérdue aux modi cations, des
membres d'un groupe (c.f.Figure 4.18.

Nous avons monte comment l'architecture de OIU s'adapte i cegradations de
la communication. Nous montrons des esultats de simulain concernant I'adaptation
aux changements contexte que sont dusa levolution de la esion ou en raison des
contraintes de l'environnement (incendie par exemple) oes n uds (par exemple, pas
assez denergie).

6.6 Conclusion

La recon guration dynamique de l'architecture des applicdgons communicantes collab-
orativesevoluant dans un environnement ai le contexte es/ariable est un probeme de
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recherche important que nous avons adess® dans nos travauRour traiter ce besoin,
nous proposons une approche de mocklisation multi-nivegaour la recon guration des
architectures. Nous proposons de gerer la recon guratioen tenant compte des con-
traintes de niveau inerieur comme des exigences de niveauperieur. D'abord, nous
e nissons un mockle gererique base sur les ontologis comme un mockle pour la couche
application, et les egles SWRL comme un ra nement de la coohe application vers la
couche collaboration. Ensuite, nous ceveloppons un modede graphe pour les couches
collaboration et middleware, et des productions de gramnras de graphes, pour la car-
acerisation, des architectures de la couche middlewareugra ne une architecture de
la couche collaboration. Nous proposons une technique dégdation aux changements
de letat de ressources en conservant 'architecture de leouche application inchangee.
Cette technique d'adaptation recessite deux actions : learnement et la lection, ce
qui permet choisir la con guration optimale (la plus adapte au contexte) parmi tous
les con gurations possibles de la couche middleware.

Les ewnements qui provoquent l'adaptation sont relatif au contexte de
I'environnement de I'application. Nous distinguons deuxypes de contexte : le contexte
externe incluant, par exemple, les petrences de l'uigateur, la pesence et la position
de l'utilisateur, la priorie de communications, etc., etle contexte le aux ressources
d'execution, par exemple, le niveau de batterie, la chargEPU, la nemoire disponible
de dispositifs utilisateurs, etc.

Nous avons utiliee les ontologies pour decrire le contegt et pour cetecter les sit-
uations de collaboration possibles et decider quand lessstons doivent etre ceees,
adapees, etc. Les politiques d'adaptation sont ce niespar au moyen de egles SWRL.
Ces egles permettent d'associer les transformations alaptationa levolution du con-
texte externe. Jess moteur est utiliee pour traiter les gles ce nies SWRL.

Nous avons cevelopge un moteur d'appariement de transfomation de graphes
(GMTE : Graph Matching and Transformation Engine). Le GMTE est capable de
rechercher de moctles de graphes petits et moyens dans despbes de taille impor-
tante en peu de temps. L'outil peut etre utiliee d'une margre non-interactive, en tant
gue bibliotheque, en fournissant une interface qui peuttee invoqueea partir d'un pro-
gramme externe. L'outil peut etre utilise en ligne de comrande en lisant un graphe de
egle et un graphe hétea partir de chiers TXT ou GraphML.

Pour valider notre approche, nous avons e ectie des exmnentations en utilisant
notre moteur GMTE et le moteur de egles Jess sur la grille dealcul Grid'5000.
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Nous avons simuk dierentes situations de notre cas déude (les OIU) montrant
I'e cacie de notre approche. Nos esultats montrent qu'une machine gere mieux ces
ressources grace notre approche d'adaptation. Les siti@ats de deconnexion de par-
ticipant sont fortement eduites. Nous avonsevallee les temps d'execution des egles
SWRL et les temps de calcul des recon gurations architectales dues aux modi ca-
tions des membres d'un groupe. Nous avons monte commenaithitecture du syseme
de communication supportant une OIU s'adapte et esisteda degradation de la com-
munication facea uneevolution des besoins les la missn ou suite aux changements
de contexte lesa I'environnement.

De nombreuses questions restent encore ouvertes et redess des investigations
compementaires. Elles sontenonees ci-apes.

Pour combler lecart entre la couche middleware et la couehinfrastructure, il semble
opportun d'ajouter la couche transport. Le ra nement des eties des communications
en enties au niveau du transport est ainsi recessaire. Beextensions de la proedure
de ra nement et des grammaires graphe devraient étre une kdiona cette question.

L'utilisation d'autres moctles pour la couche applicatim esta consicerer comme
l'utilisation de UML a la place des ontologies. Concernantla couche middleware,
l'utilisation d'un autre paradigme que les communication®rieneesevenements comme
les architectures paira pair est aussiaetudier.

La e nition des politiques de slection les plus riches €n tenant compte d'autres
caraceristiques architecturales) est une perspectivenportante. Outre la dispersion et
le cout relatif des politiques qui exploitent les structuelles des architectures logicielles
serait ineressant.

En n, l'adaptation au contexte peut &tre encore plusetemue en ajoutant des con-
cepts plus pertinenta I'ontologie du contexte relatif a de contraintes transport par
exemple.
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Les travaux de recherche eectiles dans le cadre de cette eibe abordent les
probematiques d'auto adaptabilie ou d'auto con gurabilie des applications dis-
triblees dans des environnements machines et eseaux awapacies et ressources
variables. Pour ce genre d'applications, et pour faire fa@ux ressources variables de
leur environnement d'execution, il est recessaire de pawir modi er leur architecture
interne pendant leur execution, ce qui caracerise I'aspct dynamique et introspectif de
ces applications. De facon plus pecise, la notion d'ardtecture dynamique caracerise
des applications dont les composants sont cees, internoeces et supprines pendant
I'eecution. An de garantir la validie des mises a jour de l'architecture, nous
avons recours a des techniques formelles. En particulieles grammaires de graphes
repesentent un moyen formel avec un pouvoir expressif ssamment puissant pour
syeci er les aspects statiques et dynamiques des architaces. Pour pouvoir decrire
une architecture, nous nous basons sur l'approche ACQGui traite levolution dy-
namique des architectures logicielles par la transformati de graphe. Les architectures
dynamiques epondenta des contraintes leesa des vadtions de capacies de commu-
nication, de calcul et denergie, ainsi que des evolutios dans la nature des activies
gu'elles soutiennent telles que les activies de groupe ulllisateurs mobiles de type
oreration d'intervention d'urgence. Le caracere dynamque des architectures pose des
di cules suppementaires pour leur description. Dans ce manuscrit, nous proposons
de concevoir et de mettre en uvre un environnement logicigbour une \gestion guicee
par les moceles" des changements dans les architecturess dgpplications distriblees
cooferatives.

Les aspects adaptabilie des applications, les aspectatrsformations de graphe et les
aspects particuliers des applications distribtees coepatives sontetudes. Un moteur de
transformation de graphes et un moteur de transformation drchitectures sontetudes
etetendus dans le but de les valider. Une approche d'adaptan s'appuyant sur une

4Abstract Component Graph

110



6.6. CONCLUSION 111

mocklisation par les graphes et un style architectural deype Poducteur/Consommateur
est pesente pour des applications communicantes coblaratives sensibles au contexte.
Une cemarche de ra nement est propose permettant de ganatir un certain dege
d'adaptabilie en faisant un compromis entre les dierents paranetres du contexte.
Ces travaux de recherche ont aussi permis de ¢ nir un cadr@gorithmique gererique
de recon guration architecturale multi-niveaux pour la ®lection des architectures de
eploiement les plus adapees a un contexte et aux situabns assocees. Ce cadre
aee appligiee au cas de la communication et de la coopation de groupe. Elle a
aussi permis de moctliser le style architectural Producte/Consommateur pour une
communication orienee exenement. Des egles d'adapation ontet e nies. Elles
comportent une partie base sur SWRE pour la description du contexte et des egles
d'adaptation, et une partie base sur les grammaires de grhes pour la transformation
des con gurations de ceploiement.

En n, nous avons appore les modi cations et les extensios recessaires au moteur
de transformation d'architecture a n de l'adapter aux besms des applications commu-
nicantes collaboratives et implane le cadre algorithmige selon une technique guicke
par les moctles pourelaborer des politiques de recon gation correctes par construc-
tion. Nous avons ceveloppe des ontologies et des egleSA&RL pour decrire le contexte
et le raisonnement lea l'adaptation des con gurations aix dierentes situations.
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