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The problem of autematically synthesising event-based solutions from environment
models and qualitative goal specifications has been widely studied. In these problems,
the environment and the goals are specified by using a formal language. The
environment is typically modelled as a state machine whose actions are partitioned
into controllable and uncontrollable actions. The controller synthesis problem is to
automatically produce a solution, i.e., a controller, that by only disabling controllable
actions guarantees the satisfaction of the goals. In particular, we focus on reachability
and safety goals which are of interest to supervisory control theory, conformant and
contingent planning.

Qualitative control problems are boolean in the sense that a controller satisfies a
set of goals, or it does not. When a qualitative control problem has a solution, we say
it is realisable. Realisable control problems may allow for several possible solutions.
Different solutions may differ in the strategy which they apply to satisfy the goals.
Typically, based on the arrival of monitored actions, the strategies implemented by
controllers decide which and when to start activities. For instance, regarding
end-to-end makespan, a controller that starts several activities concurrently instead of
executing them sequentially can be, intuitively, considered as a better strategy, no
matter which the durations of the activities are. Unfortunately, qualitative synthesis

procedures are, so far, oblivious to such considerations. The controller produced is
. one of the many alternatives and users cannot specify their preferences; e.g.,
lower-makespan controller. Thus, it is desired to have the ability to express
preferences and automatically compute a solution from a set of possible solutions to a
control problem accordingly.

Synthesis and planning techniques that allow expressing preferences exist, such as
those regarding performance or reliability. Such quality attributes are modelled by
introducing a quantitative aspect to the system specification, which imposes a
preference order on the controllers that satisfy the qualitative part of the specification.
However, from a practical perspective, these approaches require modelling quality
attributes quantitatively, whereas in many cases, such detailed representation is not
available, possible, or desired.

The main objective is to present a formal approach to reason about preferences
qualitatively, restricting attention to makespan of discrete event-based controllers for
safety and reachability goals. We aim to provide a framework in which time is



reasoned symbolically, which relieves the user from providing concrete quantitative
measures. In particular, we study the scenario in which durations of individual
activities are not known up-front. Our hypothesis is that it is possible to i) define a
qualitative framework to compare controllers qualitatively regarding their makes'pan,
i) specify preferences in control problems qualitatively, and iii) produce controllers
that reflect those preferences.

In our approach, the specification of the control problem is given as labelled
transition systems and linear temporal logic formulas. We define lower-makespan as
our preference and introduce a formal framework to qualitatively reason about
makespan of discrete event-based controllers for safety and reachability goals. To
reason qualitatively about makespan of controllers, we introduce a symbolic time
metric derived from parametric timed automata (PTA) semantics. This metric requires
modelling sub-tasks of the problem which take time as activities. However, no
quantitative information about the duration of the activities is required. Then, we
define a mechanism to compare makespan of controllers under unknown durations of
activities and event contingencies_produced by uncontrollable behaviour. Such a
comparison is made through exhaustive analysis by using a symbolic computation
over the parameters of a PTA and Satisfiability Modulo Theories (SMT) solving. The
parameters of the PTA represent the uncertain duration of the activities. Then, we
define makespan-minimising controllers by using the symbolic comparison and we
introduce an algorithm that produces a makespan-minimising controller qualitatively.
The algorithm is implemented in the MTSA tool and evaluated in case studies. The
evaluation consists of comparing the output produced by our algorithm against the
standard synthesis algorithm of the tool. '

The main contribution of this work is building a framework to symbolically
compare makespan of controllers for safety and reachability goals. The results of the
comparison establish a dominance relation between controllers. Moreover, we provide
a qualitative definition of makespan-minimising controllers, which are controllers
that cannot be dominated by any other controller. We also present a sound algorithm
to produce a makespan-minimising controller. In addition, we perform experiments to
compare the controllers generated by our algorithm against the ones produced by the
standard synthesis algorithm that is implemented in MTSA. The experiment validates
that our algorithm removes those transitions that lead to sequential execution from a
universal controller. By removing those transitions, we can generate controllers that
perform better than the ones produced by standard qualitative synthesis algorithms of
MTSA. The current implementation can produce makespan-minimising controllers for

small to medium size problems, but it does not scale up to large size problems.
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