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Background
The majority of computer system today are real-time 
systems

Embedded in devices.
Running infrastructure control applications.
Our society relies so much on them

Timing characteristic is a crucial aspect of safety
Correct action must be taken at the right time.

Formal verification techniques have been developed 
for assuring the correctness of real-time systems

Model checking for real-time systems.
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Background (2)
Aspects of time make model checking approach for 
real-time systems seriously complicated.

Time is introduced to the model, and the temporal logic.
Correct action sequences ＋ Correct timing.

Timed model
Timed transition graph (a.k.a. timed Kripke structure)

Time duration in the transitions
Simple (can be model checked in linear to model size)

Timed automata
Automata + clocks
Transition conditions on clock values
Clocks can be set / reset
Very complicated (complexity depends on #clocks)
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Parametric Model Checking and 
Problems

Parametric Model Checking
Abstraction of time values by variables.
The use of variables in 

Temporal logic formulas, and
Timed models

The Problems
Determine whether there exists a valuations of parameters 
under which the model M satisfies the property p.
Compute the solution set of parameters under which the 
model M satisfies the property p.
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The Difficulties
For time automata

Very high computation complexity, inapplicable to large 
problem.
Undecidable when #clocks ≧ 3.

For timed transition graph
Only the use of parameters in temporal logic has been 
introduced so far.
Parametric model for timed transition graph has not been 
studied.



chaiwat＠jaist.ac.jp -- September 21, 
2005

A Parametric Model Checking Approach for Real-Time 
System Design

- 7 -

Our Approaches
Instead of computing the solution set of parameters, 
we derive the parametric conditions over parameters 
(as a system of linear inequalities).
We develop this approach for timed transition graph.
We further propose the application of mathematical 
tools with this approach for determining the design 
for solution for an optimal criteria.
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Contributions
(1) Introduce parameters to timed transition graph model.

(2) Define a parametric timed temporal logic for 
reasoning real-time properties over (1).

(3) Provide algorithms for deriving parameter conditions 
satisfying real-time property and non real-time 
restriction, e.g. cost, development time.

(4) Demonstrate the application of mathematical 
programming methods to determine the parameter 
values which optimize a particular objective.



chaiwat＠jaist.ac.jp -- September 21, 
2005

A Parametric Model Checking Approach for Real-Time 
System Design

- 9 -

Parametric Approach Framework



Parametric
Timed Model
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Parametric Timed Structure (PTS)
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Syntax of PTS 
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Syntax of PTS
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PTS Examples
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Constraint, Condition, and Predicate
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Assignment and Evaluation
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Assignment and Evaluation
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Assignment and Evaluation
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Linear Predicate and Assignment
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Timed Logic
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Derivation of
Parametric Condition
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Parametric Condition Derivation
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Parametric Predicate
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Example: Railroad Crossing Gate
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Example: Railroad Crossing Gate
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Example: Bridge Crossing Problem
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Disscusion
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Conclusion
(1) Introduce parameters to timed transition graph ⇒PTS.

(2) Define a parametric timed temporal logic ⇒ PARCTL 
for reasoning real-time properties over PTS.

(3) Provide algorithms for deriving parametric conditions 
satisfying real-time property and non real-time 
constraints.

(4) Demonstrate the application of mathematical 
programming methods to determine the parameter 
values which optimize a particular criteria.
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