Formal Modeling and Analysis of Timed
Systems

Timed systems are computational systems whose behavior depends not
only on the input values but also on the time at which those inputs occur.
They are found in a wide variety of applications, such as embedded
systems, industrial control systems, and avionics systems. Due to the
safety-critical nature of these applications, it is essential to have a precise
understanding of the behavior of timed systems. Formal modeling and
analysis techniques provide a powerful way to achieve this.

Formal Modeling of Timed Systems

The first step in the formal analysis of a timed system is to create a formal
model of the system. This model can be used to represent the system's
behavior, including its timing constraints. There are a variety of different
formal modeling languages that can be used for timed systems, such as
timed automata, timed Petri nets, and hybrid automata.
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Timed Automata

Timed automata are a widely used formal modeling language for timed
systems. They are based on finite state machines, but they allow for the
modeling of time-dependent behavior. Timed automata consist of a set of
states, a set of transitions, and a set of clocks. Clocks are used to
represent the passage of time, and they can be used to constrain the
behavior of the system.

Timed Petri Nets

Timed Petri nets are another popular formal modeling language for timed
systems. They are based on Petri nets, which are a graphical
representation of the flow of resources through a system. Timed Petri nets
extend Petri nets by allowing for the modeling of time-dependent behavior.
Timed Petri nets can be used to represent a wide variety of complex timed
systems, such as manufacturing systems and communication protocols.

Hybrid Automata

Hybrid automata are a formal modeling language that combines discrete
and continuous behavior. They are used to model systems that have both
continuous and discrete components. For example, a hybrid automaton
could be used to model a car that has both a continuous component (the
motion of the car) and a discrete component (the gear that the car is in).

Formal Analysis of Timed Systems
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Once a formal model of a timed system has been created, it can be
analyzed to verify that it meets its requirements. There are a variety of
different formal analysis techniques that can be used for timed systems,
such as model checking, theorem proving, and simulation.

Model Checking

Model checking is a formal analysis technique that can be used to verify
that a timed system meets its requirements. Model checking involves
exploring the state space of the system and checking whether it satisfies a
set of properties. Model checking can be used to verify a wide variety of
properties, such as safety properties (e.g., the system will never enter a
dangerous state) and liveness properties (e.g., the system will eventually
reach a desired state).

Theorem Proving

Theorem proving is another formal analysis technique that can be used to
verify that a timed system meets its requirements. Theorem proving
involves proving a mathematical theorem that states that the system
satisfies a set of properties. Theorem proving can be used to verify a wide
variety of properties, including safety properties and liveness properties.

Simulation

Simulation is a formal analysis technique that can be used to explore the
behavior of a timed system under different conditions. Simulation involves
running the system model with different input values and observing the
output values. Simulation can be used to identify potential problems with
the system, such as deadlocks and race conditions.

Applications of Formal Modeling and Analysis of Timed Systems



Formal modeling and analysis of timed systems has a wide variety of
applications in industry and research. Some of the most common
applications include:

* Embedded systems: Embedded systems are small computer systems
that are embedded in other devices, such as cars, medical devices, and
industrial machinery. Formal modeling and analysis can be used to verify
that embedded systems meet their safety and performance requirements. *
Industrial control systems: Industrial control systems are used to control
industrial processes, such as manufacturing processes and power plants.
Formal modeling and analysis can be used to verify that industrial control
systems meet their safety and reliability requirements. * Avionics
systems: Avionics systems are used to control aircraft. Formal modeling
and analysis can be used to verify that avionics systems meet their safety
and performance requirements. * Research: Formal modeling and analysis
of timed systems is also used in research to develop new methods for
modeling and analyzing real-time systems.

Formal modeling and analysis of timed systems is a powerful tool for
verifying the safety and performance of complex systems. By creating a
formal model of a system and analyzing it using formal analysis techniques,
it is possible to identify potential problems with the system and ensure that
it meets its requirements.
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