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Recalling timed automata (TA)

m Finite state automaton (sets of locations)

[AD94] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling timed automata (TA)

m Finite state automaton (sets of locations and actions)

restart

drank

finished

done

[AD9s] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling timed automata (TA)

m Finite state automaton (sets of locations and actions) augmented with a
set X of clocks [AD9s]

m Real-valued variables evolving linearly at the same rate
m Can be compared to integer constants

[AD9s] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling timed automata (TA)

m Finite state automaton (sets of locations and actions) augmented with a
set X of clocks [AD9]

m Real-valued variables evolving linearly at the same rate
m Can be compared to integer constants in invariants

m Features
m Location invariant: property to be verified to stay at a location

w < 10

[AD9s] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling timed automata (TA)

m Finite state automaton (sets of locations and actions) augmented with a
set X of clocks [AD9]

m Real-valued variables evolving linearly at the same rate
m Can be compared to integer constants in invariants and guards

m Features

m Location invariant: property to be verified to stay at a location
m Transition guard: property to be verified to enable a transition

[AD9s] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling timed automata (TA)

m Finite state automaton (sets of locations and actions) augmented with a
set X of clocks [AD9]

m Real-valued variables evolving linearly at the same rate
m Can be compared to integer constants in invariants and guards

m Features
m Location invariant: property to be verified to stay at a location
m Transition guard: property to be verified to enable a transition
m Clock reset: some of the clocks can be set to 0 along transitions

w < 10 t>5
w =10

(coffee) < 8

[AD9s] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling timed automata (TA)

m Finite state automaton (sets of locations and ) augmented with a
set X of clocks [AD9s]

m Real-valued variables evolving linearly at the same rate
m Can be compared to integer constants in invariants and guards

m Features
m Location invariant: property to be verified to stay at a location
m Transition guard: property to be verified to enable a transition
m Clock reset: some of the clocks can be set to 0 along transitions

<10 '>5

o -

!
w =10

(coffee) < 8

finished

t+0

m Clock ¢: measuring the coffee time

m Clock w: measuring the amount of work done

[AD94] Rajeev Alur and David L. Dill. “A theory of timed automata”. In: Theoretical Computer Science 126.2 (Apr. 1994), pp. 183-235
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Recalling parametric timed automata (PTA)

m Timed automaton (sets of locations, actions and clocks)

<10 >3

restart

[AHV93] Rajeev Alur, Thomas A. Henzinger, and Moshe Y. Vardi. “Parametric real-time reasoning”. n: STOC. ACM, 1993, pp. 592-601
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Recalling parametric timed automata (PTA)

m Timed automaton (sets of locations, actions and clocks) augmented with a
set /” of rational-valued [AHV93]
m Unknown constants compared to a clock in guards and invariants

restart W< >
t+0 C
w40

o) <

[AHV93] Rajeev Alur, Thomas A. Henzinger, and Moshe Y. Vardi. “Parametric real-time reasoning”. In: STOC. ACM, 1993, pp. 592-601
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An open problem
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T
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What are the parameter valuations reaching £ in this PTA?
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An open problem

T
T

o

O: z=0Ay=1 @

What are the parameter valuations reaching £ in this PTA?

)
N

m » = lisasolution (looping once over #7)
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An open problem

T
T
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O: z=0Ay=1 @

What are the parameter valuations reaching £ in this PTA?

)
N

m » = lisasolution (looping once over #7)

mp= 1 is a solution (looping twice over £1)
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An open problem

:€1 z=0Ay=1 @

What are the parameter valuations reaching £ in this PTA?

m » = lisasolution (looping once over #7)
mp= % is a solution (looping twice over £1)
m ...

Set of solutions:
pe{t|neNT}
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An open problem

:€1 r=0Ay=1 @

What are the parameter valuations reaching £ in this PTA?

m » = lisasolution (looping once over #7)
mp= % is a solution (looping twice over £1)
m ...

Set of solutions:

pE {% |neNt}

Our concrete open problem

How to compute this set automatically for this particular PTA?
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Zone-based analysis diverging

Trace set for
open-1-sur-n.imi

. Generated by IMITATOR 3.4-beta (build develop/dd8544e)
init Git hash: develop/dd8544e
Generation time: Mon Apr 3, 2023 10:31:54
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What the literature says (reachability emptiness)

Most of the literature is concerned with a decision problem:

Emptiness of the parameter valuations set for which a given location is reachable

Undecidable
® with 3 clocks and 1 parameter [Ben+15]

® with a single parametric clock + 3 non-parametric clocks [Miloo]

[Ben+15] Nikola Benes, Peter Bezdék, Kim Guldstrand Larsen, and Jifi Srba. “Language Emptiness of Continuous-Time Parametric Timed
Automata”. In: ICALP, Part II. vol. 9135. LNCS. Springer, July 2015, pp. 69-81

[Miloo] Joseph S. Miller. “Decidability and Complexity Results for Timed Automata and Semi-linear Hybrid Automata”. In: HSCC. vol. 1790. LNCS.
Springer, 2000, pp. 296-309. ISBN: 3-540-67259-1
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What the literature says (reachability emptiness)

Decidable
© with 1 clock [AHV93]

© with 1 parametric clock, n non-parametric clocks and integer-valued
parameters [Ben+1s]

© with 2 parametric clocks, n non-parametric clocks and 1 parameter over
discrete time [GH21]

© over lower-bound/upper-bound parameters [Hun+o2]

[AHV93] Rajeev Alur, Thomas A. Henzinger, and Moshe Y. Vardi. “Parametric real-time reasoning”. In: STOC. ACM, 1993, pp. 592-601

[Ben+15] Nikola Benes, Peter Bezdék, Kim Guldstrand Larsen, and Jifi Srba. “Language Emptiness of Continuous-Time Parametric Timed
Automata”. In: ICALP, Part I1. vol. 9135. LNCS. Springer, July 2015, pp. 69-81

[GH21] Stefan Goller and Mathieu Hilaire. “Reachability in Two-Parametric Timed Automata with One Is EXPSPACE-Complete”. In:
STACS. vol. 187. LIPIcs. Schloss Dagstuhl - Leibniz-Zentrum fiir Informatik, 2021, 36:1-36:18

[Hun+o2] Thomas Hune, Judi Romijn, Mariélle Stoelinga, and Frits W. Vaandrager. “Linear parametric model checking of timed automata”. In:
Journal of Logic and Algebraic Programming 52-53 (2002), pp. 183-220
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What the literature says (computation)

Goal: synthesis of all parameter valuations for which a given location is reachable
© with 1 clock [AHV93][ALM20]
© over bounded integer-valued parameters [JLR15]

© over integer-valued upper-bound parameters [BLog]

[AHV93] Rajeev Alur, Thomas A. Henzinger, and Moshe Y. Vardi. “Parametric real-time reasoning”. In: STOC. ACM, 1993, pp. 592-601

[ALM20] Etienne André, Didier Lime, and Nicolas Markey. “Language Preservation Problems in Parametric Timed Automata”. In: Logical Methods
in Computer Science 16.1 (Jan. 2020)

[JLR15] Aleksandra Jovanovic, Didier Lime, and Olivier H. Roux. “Integer Parameter Synthesis for Real-Time Systems”. In: [EEE Transactions on
Software Engineering £1.5 (2015), pp. 445-461

[BLo9] Laura Bozzelli and Salvatore La Torre. “Decision problems for lower/upper bound parametric timed automata”. In: Formal Methods in
System Design 35.2 (2009), pp. 121-151
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What the literature says (computation)

Goal: synthesis of all parameter valuations for which a given location is reachable
© with 1 clock [AHV93][ALM20]
© over bounded integer-valued parameters [JLR15]

© over integer-valued upper-bound parameters [BLog]

Our open problem fits in none of these classes:
m 2 clocks

m 1 bounded rational-valued parameter

[AHV93] Rajeev Alur, Thomas A. Henzinger, and Moshe Y. Vardi. “Parametric real-time reasoning”. In: STOC. ACM, 1993, pp. 592-601

[ALM20] Etienne André, Didier Lime, and Nicolas Markey. “Language Preservation Problems in Parametric Timed Automata”. In: Logical Methods
in Computer Science 16.1 (Jan. 2020)

[JLR15] Aleksandra Jovanovic, Didier Lime, and Olivier H. Roux. “Integer Parameter Synthesis for Real-Time Systems”. In: [EEE Transactions on
Software Engineering 1.5 (2015), pp. 445-461

[BLo9] Laura Bozzelli and Salvatore La Torre. “Decision problems for lower/upper bound parametric timed automata”. In: Formal Methods in
System Design 35.2 (2009), pp. 121-151
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Some other concrete variants

Concrete model

Expected solutions

Class

T

&0

e{i|neN'}

2 clocks, 1 rational parameter

eN

2 clocks, 1 integer parameter

€ (0, 4+00)

U-PTA, 2 clocks, 1 rational parameter

€{L |neN}

2 clocks, 1 rational parameter

G{ﬁ|n€N+}

2 clocks, 1 rational parameter

An open problem
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Bonus: minimal-time reachability

Additional problem: what is the minimum time over all parameter valuations for
which the target location is reachable?

Concrete model Expected solutions Class
T=
.1'@0
r=0Ay>1 7] =
& &) @ > 1 p clocks, 1 rational parameter
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License of this document

This presentation can be published, reused and modified under the terms of the
license Creative Commons Attribution-ShareAlike 4.0 Unported (CC BY-SA 4.0)

(BTEX source available on demand)

(ol

creativecommons.org/licenses/by-sa/4.0/
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