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Abstract

Timed automata, introduced in [1] is a popular formalism for modelling and analysing
real time systems. During the last two decades, significant progress has been made in both
theory and practice on this formalism. Control state reachability in timed automata was
proved to be decidable and is PSAPCE-complete [1]. Several tools have been developed
for verification of timed automata. Among them UPPAAL [2, 3], KRONOS [4] and CMC
[5] are worth mentioning. Several protocols, controllers and real time algorithms have
been verified and industrial case studies have been made using these tools [6, 7, 8, 9].
Though timed language equivalence is known to be undecidable for timed automata [1],
timed bisimulation equivalence and time abstracted bisimulation equivalence have been
proved to be decidable for timed automata [10, 11].

Speed dependent preorders based on bisimulation have been defined in process al-
gebra frameworks to compare the responsiveness of two functionally equivalent systems.
A faster than precongruence, based on a timed extension to Milner’s Calculus for Com-
municating Systems (CCS) [12], has been defined in [13]. The relative efficiency of two
processes has been defined based on the number of internal actions performed by each
of them in the paper [14]. Performance preorders based on durational actions [15, 16]
have also been studied in [17].

In this thesis, we define an ‘at least as fast as’ relation between two timed automata.
The relation is based on the notion of bisimulations and prebisimulations. Prebisimula-
tion for timed automata is an unexplored area and to the best of our knowledge, this is
the first such instance where decidability of prebisimulation over timed automata is stu-
died. We show the decidability of the timed performance prebisimulation relation for one
clock timed automata using a zone graph [18, 19] construction in PTIME. A zone graph
induces a coarser abstraction of the state space of the timed automata compared to the
more traditional region graph [1] construction. Thus the construction of a zone graph in

general leads to a smaller arena for verification and analysis of timed automata.
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In the thesis, we show that our construction leads to a unifying approach to decide
various equivalence and preorder relations for timed automata. The method also leads
to a game characterization of the relations where the game is played on the zone graphs
of the two timed automata being compared. The game characterization further produces
an infinite game hierarchy that leads to defining an infinite hierarchy of timed relations.
Corresponding to the game for timed bisimulation, we also show a method to generate
a timed Hennessy-Milner logic [20, 21] based distinguishing formula if the two timed
automata are not timed bisimilar.

Checking any timed and time abstracted relation over timed automata, analysis and
model checking of timed automata involve construction of a zone graph or the region
graph of the timed automata. The size of the zone graph or the region graph is exponential
in the number of the clocks of the timed automaton [1]. Hence it is desirable to have a
timed automaton with the least possible number of clocks. While the problem of checking
whether a timed automaton accepting the same timed language but with fewer clocks
exists is known to be undecidable [22], in this thesis, we have described a method, which
given a timed automaton A, produces another timed automaton with the smallest number

of clocks that is timed bisimilar to A.
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