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• are inherently difficult to analyze

• call for rigorous mathematical modelling and 
(possibly automatic) analysis - formal verification
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What kind of models?
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Mathematical models of concurrent systems

Petri nets

The reachability problem
in Petri nets

central problem in formal 
verification of concurrent systems

equivalent to  various problems in:
• concurrency
• logic
• language theory
• process calculi
• linear algebra

modelling hardware, software, 
but also chemical, biological 
and business processes 
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• final allocation 
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• tokens                     to be allocated on slots

Given:

• initial allocation 
of tokens

• finite set of rules:

• final allocation 
of tokens

is there a sequence 
of rule applications?

The reachability problem in Petri nets where is concurrency?   

Research goal: study decidability and complexity of the problem
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EXPSPACE lower bound [Lipton]1976

EXPSPACE algorithm for coverability [Rackoff]1978

decidability of coverability [Karp, Miller]1969

(incomplete) decidability of reachability [Sacerdote, Tenney]1977

decidability of reachability [Mayr]1981
decidability of reachability - simplified proof [Kosaraju]1982

1970

1980

1990

2000

2010

2020

decidability of reachability - refined data structure [Lambert]1992

decidability of reachability by Presburger invariants [Leroux]2009

decidability of reachability without KLMST decomposition [Leroux]2011
first upper bound F𝜔3 [Leroux, Schmitz]2015
Ackermannian upper bound F𝜔 [Leroux, Schmitz]2019
TOWER lower bound F3 [Czerwiński, L., Lazic, Leroux, Mazowiecki]2019

Ackermannian lower bound F𝜔 [Czerwiński, Orlikowski] [Leroux]2021
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EXPSPACE lower bound [Lipton]1976

EXPSPACE algorithm for coverability [Rackoff]1978

decidability of coverability [Karp, Miller]1969

(incomplete) decidability of reachability [Sacerdote, Tenney]1977

decidability of reachability [Mayr]1981
decidability of reachability - simplified proof [Kosaraju]1982

1970

1980

1990

2000

2010

2020

decidability of reachability - refined data structure [Lambert]1992

decidability of reachability by Presburger invariants [Leroux]2009

decidability of reachability without KLMST decomposition [Leroux]2011
first upper bound F𝜔3 [Leroux, Schmitz]2015
Ackermannian upper bound F𝜔 [Leroux, Schmitz]2019
TOWER lower bound F3 [Czerwiński, L., Lazic, Leroux, Mazowiecki]2019

Ackermannian lower bound F𝜔 [Czerwiński, Orlikowski] [Leroux]2021

Research goal:
develop further 
these new ideas 
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Generalisations

• pushdown Petri nets

pushdown 
stack

• data Petri nets
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Restrictions

• dimension 3 *

*slightly cheating here

• fixed dimension



thank you!


