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Goal: Verify no bad state is reachable!

Bad states

What if Reach(initial) is

impractical to compute? -

OverReach(initial)

Compute an Overapproximation instead!
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Counter Automata
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But Reachability is undecidable!
...even with only two counters [Minsky, 61]
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Guardless OCA:
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[Haase et al.,'09]
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Guardless OCA:
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Our goal:

Overapproximate
OCA: OCA efficiently!

PSPACE-complete
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Reachability in Continuous OCA (COCA)

...has much lower complexity

Guardless OCA:
NP-complete
[Haase et al.,’09]

OCA:
PSPACE-complete
[Fearnley,Jurdzinski, 15]

Parametric OCA:
Decidability unknown

Guardless COCA:
— in NC? (below P-time)

NC2: Polynomially many
random-access machines
runnmg for at most

O(Iog n) steps in parallel

Notably:

Graph reachability € NC?
Also for weighted graphs!
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(_OQ7 v) + ¢, v, u may be included

1. Computing ¢ and u 2. Checking membership of ¢, v, u
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Guardless COCA
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. OverReach(p(v))[q]:
Ow do we (>€7 V) U (V, u<) symmetriC!

compute this?

Cycle with a negative edge
between p and g = { = —00

—1é %—1—2

Check for each node n:
Is there a path from nto n
with a negative edge?

— ¢ NC?
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Guardless COCA
1. Computing ¢ and u

— OverReach(p(v))[q]:
Ow do we (>€7 V) U (V, u<) symmetriC!

compute this?

Cycle with a negative edge  Otherwise: / = v— min. sum
between p and ¢ = { = —00 of negative edges among

paths p — @

Check for each node n: _
ls there a path from n to n Longest path problem, but:

with a negative edge? No cycle with nse. elge
= € NC2 =S L

—/
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Guardless COCA
2. Checking membership of /, v,

v—2v v—2v+1

v is included if any path p — ¢
has positive and negative edges

= Can be checked in NC?:
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Reachability in Continuous OCA (COCA)

COCA have much lower complexity

Guardless OCA:. Guardless COCA:
NP-complete — in NC? (below P-time)

[Haase et al.,'09] Even with global guards
and equality tests

OCA: COCA:
PSPACE-complete = in P-time
[Fearnley,Jurdzinski, 15]

Parametric OCA: — Parametric COCA:
Decidability unknown NP-complete
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Parametric OCA: — Parametric COCA:
Decidability unknown NP-complete

More in our paper: Continuous One-Counter Automata, LICS 21
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Thanks for listening!
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