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ABSTRACT

Coordination and Composition : From Reo To Mediator

Yi Li (Applied Mathematics)
Directed by Prof. Meng Sun

ABSTRACT

Modern software systems are playing more and more important roles in our daily lives.
To satisfy the requirements of the public, the complexity of software systems is also increasing
rapidly. Under such situations, maintaining the reliability of software systems has become a
challenging task. To deal with this problem, various approaches have been proposed from both
the academic and the industrial worlds.

On one hand, component-based development has been widely used in practice. In
component-based development, developers encapsulate the reusable features into components.
To ensure reliability, such components are usually strictly tested or verified. Moreover, as
reused in many larger projects, their vulnerabilities and errors are more likely to be spotted
and corrected. Consequently, component-based development has successfully improved the
developing efficiency and reliability of various software projects. On the other hand, for-
mal methods focus on precisely specifying, developing and verifying software and hardware
systems based on mathematical foundations. In recent years, formal methods have attracted
extensive attention from different areas.

We have noticed that component-based development and formal methods are born cooper-
atively. Component-based development significantly simplifies the development of large-scale
software projects by splitting them into small components which are easier to formalize and
verify. Meanwhile, the formally verified components can be reused in various projects, im-
proving their reliability without extra cost. In this thesis, our work on modeling and verifying
component-based software mainly focuses on two formal languages, inspiring two different but
highly related aspects in component-based software development: Reo — coordination, and
Mediator — composition. Multiple aspects in formal engineering are investigated, including
formal modeling, verification and code generation.

First, we formalize the coordination behavior in component-based development using Reo,
a channel-based exogenous coordination language where concurrency protocols are manifested

as connectors. The primitive channels and the composition operators in Reo are defined in the

I
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Coq proof assistant in the beginning. With the help of interactive pattern and tactic searching,
Coq is able to prove various properties of the connectors. Moreover, we extend Reo in order to
capture stochastic and timed behavior through a mapping channel, a stochastic choice channel
and a parametric timed channel. STA, is proposed as the semantics model of both original
Reo channels and the extended channels, and PTCTL" is used to describe the properties of
stochastic timed connectors. To bring this framework into practice, we have implemented
a Python toolkit that can build stochastic and timed connectors, automatically generate the
semantics based on the composition operators and verify their properties through the PRISM
model checker.

Second, we inherit the basic ideas from Reo and propose a new language called Mediator.
Reo is aimed at coordination between components, and pays little attention to the behavior
inside the components. Mediator provides proper formalism for both high-level system layouts
and low-level automata-based behavior units. With its semantics defined by labeled transition
systems and properties formalized by CTL*, we can verify the properties of Mediator models
by using model checking. Then we extend Mediator to capture complex behavior in distributed
computing. Clocks and transactions are used to describe the communication between different
entities in this case. We also provide a formal semantics for the extension for further verification
attempts.

Finally, to reduce the software errors imported in the implementation phase, we propose
a code-generation framework based on Mediator. Currently, the framework supports the
open-source hardware platform Arduino C. With Mediator models provided, our algorithm
automatically schedules and generates the controller (as Mediator entity) to a runnable source-

code archive.

KEYWORDS: Coordination, Composition, Reo, Mediator, Formal Verification, Code Gen-

eration
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