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Nested timed automata with various clocks
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Abstract It is a great challenge to analyze a timed system extended with recursions, e. g. interrupt, since
two dimensions of infinity, an unbounded stack, dense time recorded by clocks, occur in such a system.
Furthermore, when investigating a recursive timed system, various types of clocks, such as global clocks.,
local clocks, frozen clocks, should be taken into consideration. The mixture of different types of clocks af-
fects the expressiveness of recursive timed models. This paper gives detailed and complete investigation on
the decidability results of a recursive timed system with different kinds of clocks, under a model named

nested timed automata. These results can be naturally extended to other recursive timed systems.
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1 Introduction

Due to the rapid development of large and complex timed systems, requirements to model and analyze
complex real-time frameworks with recursive context switches have been stressed. Difficulty comes from
two dimensions of infinity, a stack with the unbounded number of symbols, and clocks recording dense
time. The infinity raises difficulty to guarantee decidability of properties, e. g. , safety properties.

There are various formal models that describe the behaviors and expressiveness of timed systems, among
which three of them are quite well-known. Timed automata (TAs) [ 1] are a finite automaton with a finite
set of clocks that grow uniformly. A typical timed model with context switches is timed pushdown automa-
ta (TPDAs) [ 2], equipped with an unbounded stack, where clocks are not updated in the stack. This lim-
itation is found unnatural in analyzing the timed behavior of programs since clock values should be updated
in suspension. Recently, a new timed pushdown model, dense timed pushdown automata (DTPDAs) [3]
has been proposed, where each symbol in the stack is equipped with local clocks named “ages”, and all ages in
the stack are updated uniformly for time passage. Reachability problem of DTPDAs is in EXPTIME [ 3].

For a component-based recursive timed system, clocks are naturally classified into global clocks, which
can be updated and observed by all contexts,local clocks, which belong to the context of a component and
will be stored in the stack when the component is interrupted and may be infinitely many due to recursion,
and frozen clocks,which are special local clocks such that they are frozen when its context is preempted
and restart when resumed.

This paper investigates a detailed and complete decidability results on component-based recursive timed
systems with one type or combinations of various types of clocks,under a uniformed model, Nested Timed
Automata(NeTAs) [4—6]. The results can be naturally extended to other similar systems, such as inter-
rupt timed automata 7], recursive timed automata [ 8], timed recursive state machines [ 9], etc. The de-

tailed results are shown in Table 1 and Table 2.
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popping, the values of call-by-reference clocks were unaltered, while the values of call-by-value ones re-
stored to the previous value from the stack. When either all of clocks or none of them were call-by-refer-
ence, the state reachability problem was decidable. The main differences from NeTAs were, the two mod-
els had no stack time-update during progress transitions, and the number of clocks was essentially finite.
The hierarchical timed automata (HTAs) [21] kept the similar structure of clocks, where only a bounded
number of levels were treated, while NeTAs treated an unbounded number of levels.

Interrupt timed automata (ITAs) [7], which are well suited to the description of multi-task systems
with interruptions in a single processor environment, is a subclass of hybrid automata. It is shown that in
ITA the reachability problem is in 2-EXPSPACE and in PSPACE when the number of clocks is fixed, with
a procedure based on a generalized class graph.

The class of extended timed pushdown automata (ETPDAs) was proposed in [9]. An ETPDA was a
pushdown automaton enriched with a set of clocks, with an additional stack used to store/restore clock val-
uations. Two stacks were independent. ETPDAs have the same expressiveness with TRTMs via weak
timed bisimulation. The reachability problem of ETPDAs was undecidable, while the decidability held
with a syntactic restriction on the stack.

Controller automata (CAs) [22, 23] was proposed to analyze interrupts. Ina CA, a TA was assigned to
each state. A TA at a state may be preempted by another state by a labeled transition. The number of
clocks of CAs was finite, and thus when existing preemption loop, only the newest timed context was
kept. Given a strict partial order over states, an ordered controller automaton was able to be faithfully en-
coded into a TA, and thus the safety property of the restrictive version was preserved.

The updatable timed automata (UTAs) [24—28] proposed the possibility of updating the clocks in a
more elaborate way., where the value of a clock could be reassigned to a basic arithmetic computation result
of values of other clocks. The researches gave undecidability and decidability results for several specific ca-
ses [ 26, 27]. The expressiveness of the UTAs was also investigated. UTAs raised up another way to ac-
cumulate time when timed context switches, and thus updatable timed pushdown automata (UTPDAs)

could be an interesting extension.
8 Conclusion

We have investigated the decidability of reachability problem of nested timed automata (NeTAs) with
different types of clocks. It was shown that the reachability problem of a NeTA is decidable in several spe-
cial subclasses, while undecidable generally. The former is proven by encoding a NeTA to mathematical
models, such as TPDAs, DTPDAs, and DTPDA-Fs; while the latter is proven by encoding a Minsky ma-
chine to a general NeTA.
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