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We investigate the problem of
characterizing the solution spaces for timed
automata augmented by unknown timing
(called
automata (TPA)). The main contribution of

parameters timing  parameter

this work is that we identify three
non-trivial subclasses of TPAs, namely,
upper-bound, lower-bound and bipartite
TPAs, and analyze how hard it is to
characterize the solution spaces. As it turns
out, we are able to give complexity bounds
for the sizes of the minimal (resp., maximal)
elements which completely characterize the
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upward-closed (resp., downward-closed)
solution spaces of upper-bound (resp.,
lower-bound) TPAs. For bipartite TPAS, it
is shown that their solution spaces are not
semilinear in general. We also extend our
analysis to TPAs equipped with counters
without zero-test capabilities.
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Timed automata have been a popular
model in the research of forma
description and verification of real-time
systems. In rea-world applications,
systems are usually described with
unknown parameters to be analyzed.
Here we use the term timing parameters
to refer to those parameters which are
compared with clocks in either timed
automata or parametric TCTL formulae.
A timed automaton extended with
unknown timing parameters is caled a
timing parameter automaton (TPA). A
valuation of unknown parameters
making the goal state reachable in a TPA
is called a solution. In this research, we
are mainly concerned with the following
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problem:

- The reachability solution
characterization (RSC) problem:
Given a TPA A and a god
predicate 1, formulate a
representation for the solution space
of A with respect to n.

By ‘formulating a representation’ we

mean finding a proper characterization

for the solution space so as to allow
gueries arisen frequently in  verification

(such as emptiness, membership, etc) to

be answered effectively.

It has been shown that the emptiness
problem (i.e., the problem of deciding
whether there exists a parameter
valuation under which the associated
timed language is nonempty) becomes
undecidable when three or more clocks
are compared with unknown parameters
in TPAs. Knowing such a limitation, a
line of subsequent research has been
focused on the RSC problem for a
number of restricted versions of TPAs.
These positive results obtained in the last
few years have al been focused on
unknown timing parameters in the
specification of logic formulae. But in
practice, it is more likely that design
engineers will use unknown parameters
in the system behaviour descriptions.
Moreover, design engineers will be more
interested in knowing the condition for
solution parameters valuations than in

knowing whether there exists a solution
parameter valuation. In this work, we
identify three subclasses of TPAs and
investigate the complexity issue of their
RSC problems. The three subclasses are
called upper-bound TPAs, lower-bound
TPAs, and bipartite TPAs. In our
setting, unknown parameters range over
the set of natural numbers. A previous
work shows that unknown parameters of
integer values can be used for
modelling, for instance, the maximal
number of retransmissions in the
Bounded  Retransmission  Protocol
(BRP), which is adata link protocol used
by Philips.

Intuitively, what
upper-bound (resp. lower-bound) TPAs
easier to analyze, in comparison with
their general counterparts, lies in the
fact that for each of such TPAs, the
solution space is upward-closed (resp.
downward-closed). It is well known that
an upward-closed set (resp.,
downward-closed set) is completely
characterized by its  minimal (resp.,
maximal) elements, which always form a
finite set  although the set might not be
effectively computable in general. We
are able to give a complexity bound for
the sizes of the minimal elements for
agiven upper-bound TPA. Our analysis
is carried out in a way similar to a
strategy proposed in the literature (by
Vak and Jantzen), in  which a
sufficient and necessary condition was
derived under which the set of minimal
elements of an upward-closed set is

makes



guaranteed to be effectively
computable. (Note, however, the work
by Vak and Jantzen reveals no
complexity bounds for the sizes of the
minimal elements.) Taking advantage of
certain  properties offered by timed
automata, we are able to refine Valk and

Jantzen's approach to yield
complexity bounds for the sizes of the
minimal elements for the

upward-closed sets associated with
upper-bound TPAs, adlowing us to
characterize their solution spaces. Thisin
turn answers the RSC problem for
upper-bound TPAS.

Given an upper-bound TPA and an
N, we are able to show that RSC(A, n) is
upward-closed. Using the basic theory of
timed automata, we can take advantage
of certain properties of timed automata
to derive complexity bounds for
computing min(RSC(A, n)).

We are aso able to extend our
analysis to the model of upper-bound
timng parameter vector addition
systems with states (TPVASSs), each of
which can be viewed as a TPA
equipped with without
zero-test capabilities. Once the sizes of
minimal elements become available,
finding al such elements can be done
by exhaustive search using the region
graph technique, although it would
clearly be interesting to develop smarter
(and more efficient)  algorithms. Some
complexity results are also derived for
lower-bound TPAs. For bipartite TPAS,
we are able to show that their solution

counters

spaces are not semilinear in genera, in
spite of the fact that the emptiness
problem is decidable. We feel that the
method developed in this work for
analyzing upward-closed sets is
interesting in its own right. Our strategy
provides a refinement over the approach
proposed in Valk and Jantzen in the
sense that the sizes of the minimal
elements can now be deduced, provided
that certain conditions are met. It would
be interesting to seek additional
applications of our technique.

We have studiedin detail the sizes of
the minima (maximal, resp.) elements
of upward-closed (downward-closed,
resp.) solution spaces associated with
resp.)
line of future research for

upper-bound
TPAs. A
upper-bound TPAs (and TPVASSS) is to

explore the possibility of manipulating

(lower-bound,

and characterizing the computations and
the solution spaces in a symbolic fashion.
Finding how tight our complexity
bounds  for upper-bound and
lower-bound TPAs ae remans a

guestion to be answered.
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