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ABSTRACT

With the rapid development of computer technology and network communication, concurrent
and distributed systems that feature concurrency, distribution, real time, heterogeneity and
interoperability have become the main direction of current computer technology, and have been
widely applied to national economy and the construction of national defense. Because of the
complexity, the concurrent distributed systems are difficult, inefficient and time-consuming in
their development, and it is hard to avoid and find the implied errors and shortcomings. As for
safety critical systems, their errors and collapse will cause the loss of lives and properties, and
even catastrophe .

Formal methods are widely considered as a feasible and important approach to reducing
design errors and increasing system reliability. Traditional formal methods deeply explain the
essence of sequential computing, with the support of strict mathematical theories. The
phenomenon of concurrency challenges computer scientists by its intrinsic complexity. The study
of concurrency theory focuses on the formal model and formal semantics of concurrent systems.
Thus various models that reflect the essence of concurrency from different aspects are proposed one
after another. Among these models and methods, the process algebra, which is represented by
Calculus of Communicating Systems (CCS), are widely applied to the specification, analysis,
design and verification of concurrent distributed systems because of its concise concepts and rich
available mathematical tools.

Value-passing CCS and the n-calculus are the inheritance and development of CCS, their
characteristics of value-passing and name-passing are fit for the direct modeling of concurrent
communicating systems. The verification theories and algorithms of value-passing CCS and the n-
calculus bisimulation equivalences are the hot point of research in the area of process algebra, and
the critical step for the application of process algebra in practice. By means of the symbolic
approach presented by Hennessy and Lin, this thesis performs a systematic and deep study of the
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semantic theories, axiomatisational systems and verification algorithms of value-passing CCS and
the m-calculus bisimulation equivalences. The main task includes the following five aspects:

(1) By introducing symbolic ohservation graphs and symbolic congruence graphs, we present
algorithms for verifying late/early weak bisimulation and observation congruence of value-passing
CCS for the first time, thus generalize successfully the strong bisimulation algorithm by Hennessy
and Lin to the weak case. Moreover, two theorems ensuring the elimination of t-cycle and t-edge
are proved. Therefore STGs can be simplified significantly once the weak bisimulation or
observation congruence is to be checked.

(2) Based on the symbolic transition graph with assignment (STGA) of Lin, we introduce a
variant of STGA. The distinction of our model is that the assignment of a transition is performed
after rather than before the action. We can not only define the symbolic double transition relations
over nodes on top of such STGAs, but also get more compact finite representation of regular value-
passing CCS. The rules which generate such STGAs from regular value-passing CCS are
presented. Finally, we discuss the problem of checking strong/weak bisimulation equivalences
and observation congruence of such STGAs, and present corresponding  transformational
algorithms.

(3) Symbolic transition graph (STG) is proposed as a compact semantic model for the -
calculus processes. The rules which generate such STGs from finite-control n-calculus processes
are presented. Thus the above bisimulation checking algorithms for value-passing processes can
all be lifted to finite-control n-calculus. By means of the decidable theory of boolean expressions,
we present a new approach to check bisimulations of the finite-control x-calculus.

(4) A symbolic characterization of strong open bisimulation of the n-calculus is presented
and the soundness and completeness of such characterization are proved. This result verifies a
conjecture put forth by Boreale and De Nicola: symbolic open bisimulation can be obtained from
symbolic late or early bisimulation by omitting case analysis. A symbolic proof system for strong
open bisimulation is also proposed and its soundness and completeness are proved. Moreover,
based on the previous work on the n-calculus, accurate comparisons between open, late and early
bisimulations are accomplished in both aspects of symbolic characterizations and symbolic proof
systems. Finally, symbolic characterizations of weak open bisimulation equivalence and open
observation congruence are presented. By using four t-laws, we lift the symbolic proof system for
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strong open bisimulation to open observation congruence.

(5) The challenging problem that what is the most reasonable way to define open
bisimulation for the m-calculus with mismatch operator is still open. In the thesis, we give a
reasonable solution to this problem. A definition of open bisimulation is presented and its
symbolic characterization is given. Then a symbolic proof system for open bisimulation is put forth
and its soundness and completeness are proved. Finally, symbolic characterizations of weak open
bisimulation equivalence and open observation congruence are presented for the calculus without
the parallel composition operator. By adding five z-laws to the symbolic proof system, we obtain a
complete inference system for open observation congruence.

These results are not only of theoretical significance, but also of potential application value.
Finally, we summarize what we have achieved and briefly introduce the primary work we have
done both in the model-checking of value-passing CCS and the wn-calculus and in the
implementation of the algorithms put forth in the thesis. In addition, we discuss our possible
future work .

Keywords: Value-passing CCS, m-calculus, Bisimulation, Symbolic bisimulation,
Symbolic transition graph, Symbolic proof system
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