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real-time systems

Does the system satisfy the specification?

Timed system Timed spec.

Timed automata Timed logic

» Specifications can look like:

o Everyaisfollowed by a b within 2 time units: G(a = Xg 5,0)

e aoccurs at least once before time unit 5, and until then only b's occur: bU ) 5,a

» These can be e.g. expressed in Metric Temporal Logic (MTL)
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» Can check constraints on clock values and reset clocks to O
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time unit
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Why are they so popular?

» Interesting expressiveness
» Reachability, (T)CTL model-checking decidable

» Region abstraction

» Zone-based algorithms!

e Extrapolation vs entallment

» Tools exist: Uppaal, TChecker, ...
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What are their limitations?

» They are not closed under complementation

» Universality of two-clock timed automata is undecidable

QQ—“Z} Q—_IQ cannot be complemented

See my lecture notes if you wish
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An example of execution

w = (0.7,a)(0.4,a)(0.6,a)

{(50,0)}
@1 @ l 0.7,a
—'@ a X a= 1 1(50,0.7), (s1,0) }
a,x <1 l 0.4,a

1(sg,1.1), (51,0), (51,0.4)}

l

1(89,1.3), (51,0), (51,0.6), (5,,1) }
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Decidability of 1-ATA

(finite words)
(¢.0) (¢,0.3) (g,1.2) (g,2.3) (4,04) (g.1) (4'0.3)

N e N

1(¢,0),(¢. 1)} (g.D} 1(q.0),(g.2)} 1(q0)} 1(q.0)]

Abstracted into the word:

1(2,0), (¢’ 1)} - ((g. D} - 1(g,0).(g.2)} - 1(¢.0)} - 1(g"0)]
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Symbolic computation

x>2,x:=0
Transitiong ——— ¢g”

1(g,1),(q'2)} - ((g.2)} - 1(q,1),(g.3)} - ((q. 1)} - 1(g’]D)]
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Abstract transition system

This encoding can be used in an abstract transition system 48y

. . . - . - have
Nis defines a time-abstract bisimulation regions!

There is a well-quasi-ordering on apstract configurations, which
defines a well-structured transition system!

1(¢,0), (¢, 1)} - 1(g. D} - 1(q,0).(g.2)} - 1(¢.0)} - 1(g.0)]

LI

(gD} - 1(g.0),(g.2)} - 1(¢.0)}

15
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Metric Temporal Logic

Logic MTL

p=al-alorp|loVve|Xe|eUg | eUep

where [ is an interval

Logic MITL

Same as MTL, but I should be non-punctual
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» [AFHO96] MITL satisfiability for infinite words is decidable via a construction MITL to TA
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» [Aks+24] A conversion from MITL to Generalized TA: A zone-based algorithm for GTA
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»  [OWO7] MTL satisfiability for finite words is decidable via 1ATA

»  [OWOB] MTL satisfiability for infinite words is undecidable

» [AFHO96] MITL satisfiability for infinite words is decidable via a construction MITL to TA
» [BEG13] An alternate construction of MITL to TA via 1ATA

» [Bri+17] MightyL, a tool to convert MITL to via very weak 1ATA

» [Aks+24] A conversion from MITL to Generalized TA: A zone-based algorithm for GTA
emptiness

v

[Ho+26] An algorithm for MITPPL, an extension of MITL. Algo based on some
assembly code

» M(I)TL verification always goes via TA: no zone-based algorithm is known for 1ATA,

Mmultiple tools for TA exist
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MTL to 1ATA
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Deactivation operator
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» Standard notion in TA veritication

» Set of constraints that define (symbolically) the set of clock values
that can be reached

» They are all of the form:

x<c or x—y<c

See our survey
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Zone graph computation

a, x> 1 a

(X1 = DA = O)..

x<l1As
v

&
(xso,l Z O) A (xsl,l — O) AN (xsl,z < 1) A (xsl’z S xso’l)

|l x<1Asy
x=1A A)y)
Vs %
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Algorithm
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Algorithm

Explore the zone graph until:

» Some accepting zone is found: non-empty

» All reachable zones have a non-accepting state: empty

In general the zone graph could be infinite!

»  We use an entailment relation £ such that:

e IfZLC Z and s reachable from Z’, then it is also reachable from Z

e Pruning using C ensures a finite graph / N

|
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Entailment relation on zones

» Different size zones

»  Multiple withess subsets

» EXxponential algorithm

»  NP-hardness result for the I check
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Conclusion

Existing Work

very-weak /one-based algo
PN (MITL - - TA—
1-ATA for TA

Our Work

/Zone-based algo

¢ 1-ATA >
+ deactivation op. for 1-ATA
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» Use of duality clock vs timer to improve verification of MITL

« Define obligations and reduction rules

« Define regions
« Canhandle full MITL

» Has just been accepted at FSTTCS'26
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