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ABSTRACT

Coalgebraic Semantics for Complex Component-based

Systems

Ai Liu (Applied Mathematics)
Directed by Prof. Meng Sun

ABSTRACT

With the increasing capabilities of computer hardware, it is expected that software can
implement more and more complex and diversified functions. On one hand, component-based
system design decomposes complex systems into simple components so that the implemen-
tation can be cheaper and more efficient. On the other hand, it can implement different
functional requirements by reusing components through coordination and composition mech-
anisms. Components provide services through interfaces that interact with the external en-
vironment. The core idea of component-based programming is to build software systems
by selecting prefabricated components and assembling them via a palette of compositional
operators.

Algebra and coalgebra are two universal theories in computer science. Algebra develops
mathematical models for abstract data types based on the idea of construction. As the dual
notion of algebra, coalgebra specifies systems’ observable behavior from the perspective of
destruction. In recent years, coalgebra has widely been used in the study of state-based
transition systems. In the development of component-based software, components’ behavior
can only be observed through their interfaces, which makes components very suitable to be
specified by coalgebras, so that modeling components as coalgebras to analyze their behavior
and composition mechanism is an important method for component-based software systems. In
this thesis, we study composition and coordination of components in complex component-based
systems, quantum and fuzzy components, and propose a generic language for the development
of component-based systems.

First, we propose a precise coalgebraic semantics for Mediatorlanguage in Chapter 3.
Mediator is a modeling language for component-based systems, which provides a proper
formalism for both high-level system layouts and low-level automata-based behavior units. We
provide a coalgebraic semantics for Mediator, where we can specify Mediator components’
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nondeterministic behavior, describe their composition and compare the similarity between
configurations.

Next, we develop a generic component-based programming language in Chapter 4, which
is parametric on computational effects, such as nondeterminism, probability, duration, quantum
and fuzz. Since the concrete computational effect is unknown, the operational semantics is
obtained based on the notion of computation tree, demonstrating all possible results after
executing a program. The denotational semantics is interpreted with coalgebras and the notion
of program equivalence is defined based on coalgebras from the perspective of observers,
which can be used for comparing different programs.

Then, we study quantum components in Chapter 5. Due to quantum features like super-
position and entanglement, quantum computation is believed to have some advantages over
classical one on some aspects, such as efficient algorithms and cryptography. We propose
the notion of reactive quantum system and develops a unifying coalgebraic framework for
quantum labeled transition systems, quantum reactive systems and quantum automata so that
their quantum behavior can be compared.

Finally, we study fuzzy components in Chapter 6. In component-based programming,
fuzzy control can make the implementation cheaper and more efficient. Different types of
fuzzy automata are modeled as coalgebras with the same type so that they can be composed

and the notion of fuzzy language can be defined uniformly.

KEYWORDS: Component-based Systems, Coalgebra, Mediator, Metalanguage, Quantum
Systems, Fuzzy Automata
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