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The World Wide Web has rapidly evolved from a simple, page-driven, document-centric platform,
in which each client is underpinned by a simple, synchronous request-response model, to a fully
application-centric platform in which clients utilize highly interactive User Interfaces (Uls), complex
internal interactions, and communicate with server resources both synchronously and asynchronously.
At the forefront of the present stage of web evolution is a class of applications called Rich Internet
Applications (RIAs). These applications combine the best features of traditional desktop applications,
such as partial UI updates and fast Ul response times, with the best features of traditional web appli-
cations, such as virtual ubiquity and operating system independence.

Traditionally, web applications could simply be developed as sequential, event-driven applications in
which each event on the user interface of the client is immediately processed on the server; and the
result of processing returned as a completely new page to the client. RIAs however, have introduced
fine-grained concurrency, non-sequential event-driven semantics, and client-side computation to the
client; resulting in a number of challenges. The first challenge is how to pinpoint the exact areas
where concurrency occurs, and also how to deal with this type of concurrency in order to prevent well-
known concurrency errors such as race conditions, response reordering, and deadlocks. The second
challenge is how to unravel the non-sequential event-driven semantics and client-side computation
logic so that program flow is understandable, and applications are easily maintainéble and upgradable.
The third challenge is how to ensure that the same logic can be easily implemented on dissimilar RIA
platforms, without having to go back to the original idea. Finally, as in all web applications, there
is the challenge of how to ensure that the different languages used to create the application, work
harmoniously together. Overcoming these challenges is gaining increasing importance in light of the
rapid trend towards multiple mashups and web services on a single client (in which each mashup and
web service gets its data stream from different sources) which is explosively increasing the complexity
of the web client in terms of these features.

The Equivalent Transformation Framework (ETF) is a highly abstract computation framework in
which sets of Equivalent Transformation Rules (ETRs) are used to rewrite definite cfauses, while

preserving their declarative semantics. The foundation of the ETF is inherently nondeterministic -
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enabling it to comprehensively model a wide variety of sequential and concurrent systems. In ad-
dition, the ETF is highly expressive, comprises a rich variety of highly independent ETRs, and has
established theorems for the correctness of both sequential and concurrent programs generated within
the framework from definite clauses. In this thesis, we propose a formal, systematic, componentwise,
model-driven RIA development approach in which we extend the ETF to overcome the RIA challenges
outlined above. ‘

In chapter 1, we lay the backdrop for this thesis by first looking at the origin and evolution of both the
Internet and the World Wide Web, and their relationship to each other. We then look at the evolution of
web applications, and the features and advantages of RIAs which have made them so very indispens-
able. Finally, we look at the challenges resulting from the advent of RIAs, along with the associated
research questions they have inspired.

In chapter 2, we introduce Formal Methods (FMs) and discuss the advantages of using formality
during software development. These include the ability to reveal ambiguity, the ability to develop
systems that can be reasoned about, and the ability to expose errors before commitment to code. We
then establish the ETF as an FM, and also discuss its advantages as a formal framework.

In chapter 3, we give the general case of how dynamic, event-driven systems, comprising interacting
concurrent components can be modelled and synthesized by extending the ETF. In doing this, we
propose a correct-by-construction method for Dynamic Interactive Systems (DISs) modelling in which
we establish behavioral rules for components, and a methodology for deriving the feasible interactions
that may occur among concurrent components, during system construction. In addition to laying
the foundation for the rule types used to model components and their interactions throughout this
thesis, this chapter also gives an example of how we can systematically model and synthesize systems
of randomly interacting concurrent components to achieve modular, understandable, easily evolvable
systems.

In chapter 4, we first establish that RIAs are a class of DISs, and then introduce a loosely-coupled, lay-
ered concurrency model specific to them. We call this model the RIA Concurrency Model (RCM). This
'RCM captures the client-side fine-grained concurrency, computation, and non-sequential event-driven
* semantics native to RIAs. It also enables the identification and analysis of the areas of concurrency,
and integrates both UI and behind-the-scenes activities in a loosely coupled manner. In addition, it
divides the client-side computation into standard, manageable segments.

In chapter 5, we propose a process in which the RCM is used to incrementally construct prototypes
of RIAs in a correct-by-construction fashion. In the proposed process, each change in the composition
of the RIA user interface is regarded as a unique instance of the RCM, while a completed prototype
is simply the union of all these instances. This prototyping activity facilitates practical analysis of the
essential behavior of the RIA without commitment to a particular implementation platform.

In chapter 6, we propose a process in which the RCM is further utilized to systematically imple-
ment the prototypes constructed using the process outlined in chapter 5. In the process, we transform
the prototype to a message passing metamodel in which each layer is considered a separate concur-

rent entity. This metamodel is then transformed to RIA implementation code, resulting in a modular
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structure comprising independently concurrent objects decoupled from their interactions, and easily
comprehensible behind-the-scenes processes.

We conclude this thesis in chapter 7 by summarizing the contributions made in our work and dis-
cussing how they addressed the research questions posed in chapter 1. We also discuss possible av-

enues for future work in this area.
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