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Process Decomposition M ethods for Labeled Transition System
via Synchronization Events*

Susumu Kiyamura

Abstract

Process decomposition is one of the promising approaches to distributed system design.
For example, in communication protocol design, we may first write a service definition
which specifies the global behavior of the system, and then derive a protocol specification
by decomposing the service definition into communicating processes. In such a system
design, if asingle process given as a requirement specification can be automatically decom-
posed into processes which satisfy implementation-dependent constraints, we can reduce
the whole cost of the system design, especially, the cost for modifying the design when
implementation-dependent constraints are changed. From this point of view, we consider a
process decomposition problem which allows one to use additional synchronization events,
and propose a hew decomposition method.

The process decomposition is defined as follows. An input of the decomposition prob-
lem (or a requirements specification) is a pair of a behavior definition of a process and an
interface condition for decomposed processes. A behavior definition of a processis given
by alabeled transtition system (LTS), say Lin. An interface condition of a process speci-
fies the set of events which the process should participated in. The problem isto construct
LTSsLy,...,Lpsuchthat Ly,..., L, meet theinterface condition and al so the composite pro-
cessof Ly,...,L, is observably bisimulation equivalent to Lj,. Note that we can introduce
new events other than those appearing in Lj, and use them for synchronization between
L1,...,Ln. These events are called synchronization events. In this thesis, we propose two
methods for the process decomposition problem.

The first method can be applied to an arbitrary input LTS and is based on the following
idear Assume that s-3 & (state transition is possible from state s to state ' by event a)
in Lin and Li, is being decomposed into L1 and L, where L1 has event a and L, does not.
Then, L; and L, synchronize with a new event immediately after L, executes event a to
inform Ly of L1's executing a. The proposed method introduces a new event exactly when

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information Science, Nara
Institute of Science and Technology, NAIST-1S-DT0061203, December 8, 2003.



a synchronization is needed. We prove the correctness of the decomposition method, i.e.,
the observabl e bisimulation equivalence between an input LTS and the composite LTS con-
structed by the method. Furthermore, a method of decreasing the number of process states
aswell as decreasing the number of synchronization eventsis presented.

The second proposed method is in a sense an extension of the first method. The main
advantage of the method is that the size of the decomposed LTSs is often much smaller
than other methods. Especially, we focus on simple counters and generalized counters
and present an algorithm which decomposes a simple (or generalized) counter into smaller
counters by using the proposed method.

Keywords:

Parallel System, Labeled Transition System(LTS), Process Decomposition, Counter Pro-
cess, Bisimulation
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