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While verification is concerned with proving that a system is correct with respect to all external disturbances, synthesis attempts to mechanize the choice between design options for the system in order to
produce a system which is provably correct with respect to all disturbances. Clearly this problem is more
difficult than verification although the underlying algorithmic principles are similar.
This report summarizes the progress in understanding, development and implementation of control synthesis algorithms. This topic is closely related to deliverable 1.5 of the first year modeling: control synthesis,
and in order to avoid redundancy we will not repeat here most of what has been said there. The reader may
consult deliverable 1.5 to complete the picture.
The work on synthesis algorithms within the project can be roughly classified into the following categories:
• Application specific synthesis.
• Application oriented algorithms.
• General algorithms for new classes of problems.
• Algorithmic specialization.
• A unifying framework.

Application Specific Synthesis
Under this title we group works that attempt to solve a single specific problem. The outcome of this work
is typically not a general theorem but rather an acceptable solution to a real problem. The solution is not
always obtained by a complete semantic model that covers all the system’s modes of functioning but rather
using a “piecewise-formal” model. For example, scheduling for production plants over long time durations,
can be done by ignoring uncertainty, solving short term problems using deterministic models, and coping
with uncertainty, for example, by re-scheduling. Some examples of work in this style are [28, 29, 31, 14],
which are oriented toward optimization of operations in chemical plants.
Other work that falls in this category is related, of course, to the case-studies. For the Cybernetix case-study
[15] show that synthesis can be achieved for this problem using standard verification tools. For the Terma
case-study, an optimal scheduler was synthesized by hand in [36].

Application Oriented Algorithms
Here we mention work intended to solve a whole class of problems whose primary motivation comes
form a particular concrete application domain (rather starting from a mathematical model). One line of
research is oriented toward the application of timed automata synthesis technology to scheduling-aware
compilation of real-time embedded systems. This framework is put forward in [4, 30] and one of its
concrete realization is the system defined in [17, 18] for synthesizing schedules with guaranteed quality
of service for Java threads. Being constrained by the application, this tool has the cope with additional
aspects that are absent from idealized problems such as interfacing with the compiler and implementing
the scheduler with bounded resources. Another related work is that of [13], dealing with code generation
from Simulink models, although “synthesis” is taken here in a more narrow sense. See also [11] which is
related to the same application domain.

General Algorithms for New Problems
This class contains algorithms that extend the scope of synthesis to richer models and performance criteria.
Controller synthesis for timed automata for safety, reachability and time optimality criteria has been known
to be decidable since several years. A large part of the activity in this domain is to check whether the
same holds for other models. A lot of work has been invested in enriching the model with non uniform
costs, rather than time. In [8] the difficult problem of optimal synthesis with respect to linear costs (in
the presence of adversary) has been solved. The problem of cost optimality of infinite schedules was
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solved with respect to two concurrent performance criteria (safety and cost optimality), while [27] was
concerned with related implementation aspects of synthesis algorithms for cost optimality. The extension
of the synthesis framework to partial observability was addressed in [9]. The tool Smart-Playout which
connects the specification formalisms of live sequence charts to the model-checker SMV has been adapted
and used for controller synthesis in [37, 20]. Other works were concerned with synthesis algorithms for
systems defined by linear hybrid automata and even richer models of dynamical systems [32, 23, 33, 34, 6].

Algorithmic Specialization
Proving that a general problem is solvable still does not mean that it is practically feasible, and much effort
was invested in finding specialized algorithms and data-structure to solve specific instances of controller
synthesis, especially those arising in scheduling problems. In [26] an attempt was made to improve performance by combining reachability analysis and linear programming. The work of [3, 1] finds efficient
synthesis algorithms for the special case of scheduling under temporal uncertainty in task durations, while
in [2] some ideas coming from partial order methods are explored. The idea of using forward search, first
proposed in [5] was elaborated and implemented in [10] to deal with scheduling problems with discrete
uncertainty. The integration of cost optimality into the U PPAAL tool is the subject of [7].

A Unifying Framework
The synthesis paper [22], prepared in collaboration with the project CC (Control and Computation), attempts to put many controller synthesis problems under the unified model of two-players dynamic game.
It shows that this model captures “classical” synthesis for automata, optimal control for discrete time continuous systems as well as optimal scheduling problems viewed as a special type of a discrete game played
on continuous time. The paper identifies three classes of algorithms for solving such problems, static optimization for bounded horizon problems, backward value iteration (dynamic programming) and heuristic
forward search on alternating graphs.

Other Work
In addition to the above we mention other work which is not specific for synthesis but deals with other
aspects of validation, in particular the hot topic of real-time testing and its foundations [12, 16, 21, 19, 35,
24, 25].
To summarize, the project continues to advance the state-of-the-art and the understanding of the issue
of automatic controller synthesis for discrete and timed systems, and, during the second year, significant
contributions to the algorithmic aspects of controller synthesis have been made.
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