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automata.




Theorem
Reachability in k-clock timed automata with k > 3 is logarithmic-
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Corollary

Reachability in bounded k-counter automata is PSPACE-complete
fork > 2.
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and
Two-Clock Timed Automata
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Given a timed automaton with x-constants {0,1,5} and
y-constants {0,1,3}
~ regions and clock difference zones of the automaton
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Regions and clock difference zones are too coarse to fully capture
reachability properties
~+ use counter in order to store difference between x and y
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Counter encodes the difference between clocks when it is an
integral value...



Two-Clock Timed Automata to Bounded
One-Counter Automata

e
®
®
'3
¢
®

T

...and two consecutive integers if the difference between clocks
lies in between those integral values
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e Resulting counter must be smaller than z + y,,
e Resulting counter must be above x;

~» add y, to the counter, non-deterministically decrement counter
and then check it is greater than x;
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e counter must be below n+ y,
e counter must be above n+ y,

~» add value from the interval [y}, y,] to the counter (requires
gadget)
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e counter must be below y,
e counter must be above y,

~» connect to a gadget which non-deterministically decrements

the counter and then verifies that it is in (—yu, —y/)
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Remaining polynomially many cases follow analogously
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e Other direction follows straightforwardly by encoding counter as
the difference of two clocks, similar to the case with two
counters

Theorem
Reachability in two-clock timed automata is logarithmic-space
inter-reducible with reachability in bounded one-counter automata.




Answering the Polya
Question




N
George Pdlya (1887-1985)

“If there is a problem you can’t solve, then there is an
easier problem you can solve: find it.”
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Reachability is NP-hard if the number of edges is unbounded and
numbers are encoded in binary
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add(3)
add(—5)

Given a bound a target and the Parikh image of a reaching run,
reachability is decidable in polynomial time /




Reachability via Lattice Paths

Idea: transform the reachability question into a question about the
existence of lattice path in a convex polygon
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We get stuck since bound is too tight
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Reachability via Lattice Paths

There exists a lattice path reaching a particular point (x, y) if, and
only if, the number of lattice points in the polygon is at least
X+y+1



Implications for Two-Clock Timed Automata

Fic. 6.1 - Automate de Bezout

r=nz+0

P O B q

y=py1

Bézout automaton introduced in [Naves, 2006]




Implications for Two-Clock Timed Automata

Exemple -

%

1] i

Pour n = 7 et p = 5, une représentation geaphigque de la plus courte exdécution at-
teignant p. Les transitions de délal sont en trait continu, les transitions daction en
pointillés. L'extcution passe dans toutes les régions entiéres sauf (7.0) et {0.5). Les
remises 4 ziro successives sont faites sur les horloges y, xoy, vy y. 2y, 2, e enfin y.




One control location, three self-loops

add(7)
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Let the bound be 20 and the target be 12




One control location, three self-loops

add(7)

add(—11) s
add(1

Let the bound be 20 and the target be 12

Example of a reaching run where red=7, green=-11 and blue=17
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e a simple class of bounded one-counter automata for which
reachability is open
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