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Constraint-oriented Model
for Specifying Distributed Cooperative Systems
and Efficient Deadlock Detection Using Symmetries

TakAaAKI UMEDU,t HIROZUMI YAMAGUCHI," KEIICHI YASUMOTO,t
AKIO NAKATAT and TERUO HIGASHINOf

In this paper, we introduce a formal model for designing distributed cooperative systems
(concurrent systems) with symmetries and propose an efficient deadlock detection method
on this model. In our method, we describe a specification of a system by a set of coloured
Petri-nets and synchronization among them. Each coloured Petri-net represents either par-
ticipant’s behavior or the constraint about the temporal ordering of multiple participants’
behavior. For this specification, if given constraints are inconsistent with each other, the
total system may have a deadlock state. Since such systems often include much symmetries,
by merging equivalent states in a given specification, we can reduce the cost necessary for
the reachability analysis. Here, we propose an efficient reachability analysis method using
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symmetries.
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Fig.1 Firing of transition in CPN.
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Fig.2 CPN specification of simple network meeting system in constraint oriented style.
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Table 1 Experimental result.

(i) Occurrence 0 00 (i) OsO OO (iii) OSO OO

(CpPNDOOO)
Audience | #Nodes  #Arcs Time | #Nodes  #Arcs Time | #Nodes  #Arcs Time
3 28 61 1 Sec. 11 14 1 Sec. 11 14 1 Sec.
4 66 177 1 Sec. 11 14 1 Sec. 11 14 1 Sec.
5 132 451 1 Sec. 11 14 1 Sec. 11 14 1 Sec.
6 234 1333 7 Sec. 11 14 3 Sec. 11 14 1 Sec.
7 380 6063 212 Sec. 11 14 586 Sec. 11 14 1 Sec.
15 11 14 3 Sec.
16 11 14 11 Sec.
17 11 14 17 Sec.
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