Ambient calculus for distributed, service oriented virtual machines

- Context

Service oriented architectures are new ways of designing applications through components
and service interactions. Applications are described using some Architecture Description
Languages (ADL). A specific execution framework brings together pieces of this architecture,
starts a main component and enables interactions between these components. We are
considering ambient environments where components have complex life-cycles and where
applications ADL are not stable. Old components can be dynamically substituted by more
recent ones, components can be discarded if they consume too much resources or
components can disappear if they are out of network range, etc.

Most of the time the ADL is used to guarantee a good expression of the application, We want
to extend this approach, to include various guarantees when the entire ADL is not always
resolvable, ie when all components of the ADL are not immediately available.

Classical approaches use XML as a way of expression application ADL. We think that using
formal models such as the ambient-calculus to express application ADL will help to control
application characteristics. Such formal models can be used to control compatibility of a
component evolution and its associations with other ones while the application changes
during time.

- Approach

Our approach consist in first establishing an application ADL based on the ambient-calculus.
Then, we intend to map this ambient-ADL to the run-time architecture (in particular a java
service oriented framework). Finally we wish to apply calculus based on application behavior
when changes occur and control that the overall application is still coherent.

* Expressing application ADL: The task here consists in establishing an ambiant-calculus
expression of existing applications. Two approaches are possible: we can either start
from an existing ADL to express desired properties, or we can try to build the
expressions from running applications. We propose to analyze log information from
running applications and find ambient-calculus expressions (abstractions) of their
behavior.

* Ambient-calculus mapping to specific run-time: two architectures are targeted in our
approach: webservices and OSGi. Webservice applications are mostly focused on data
exchanges through service calls and are good candidates for ambient-calculus
expressions, but they lack execution context integration. OSGi is not a distributed
system but it is targetted at dynamic ambient environments and it follows a service-
oriented programming paradigm. We propose to focus on the OSGi framework and find
translations between ambient-calculus terms and OSGi service oriented paradigms.

* Ambient-calculus expression fixed point: ambient-calculus expressions must help us to
analyze application stability over changes. For instance when new components are
installed, it must control that newly observed behavior has the same ambient-calculus
external representation as the previous one with regards to the application description.
It can also control that if a new component arrives with specific constraints it is still
compatible with the initial specification.

Next figure shows how ambient calculus could be used on a OSGi run-time.
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Figure 1: Ambient-Calculus Expression extraction from run-time logs

The expressions are extracted from the OSGi log analysis. We use the calculus to find the
simplest log expression and reuse it within the application to guarantee stability even-though

components are changed.

- Thesis Organization

The phd candidate will have to study ambient-calculus and its variations, map this kind of
expression to the service oriented programming world, and find expression controls that

improve application stabilities over time.
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