
Parosh Aziz Abdulla 
Uppsala University 

Sweden

Backward Reachability Analysis 
for 

Monotonic Systems

Verification 
of 

Infinite-State Systems



Background

Parameterized Systems

Lossy Channel Systems

Petri Nets

Timed Petri Nets



Background



Background

Classical Approach
Finite-State Systems

Multiple Sources:
• timed Petri nets
• recursive programs with unbounded data
• channels with time stamps
• etc

Model        (safety) property
Model Checking

|=
Challenge:

Infinite-State Systems

Sources of “Infiniteness”:

Unbounded Data Structures
• stacks (recursion)
• queues (protocols)
• counters (programs)
• clocks (time)
• lists, trees, graphs (heaps)

Unbounded Control Structures
• parameterized systems
• multithreaded programs
• concurrent libraries
• Petri nets



5Infinite-State 
Systems



6Infinite-State 
Systems

Unbounded 
Number of  
Processes 



7Infinite-State 
Systems

Unbounded 
Number of  
Processes 

Cache 
Coherence 

Protocol 

P PP P

cache

cache

cache

cache

• unbounded number of processes 
• correctness:  

• 	exclusive ownership: at most one process
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generator

Petri Nets

critical section

Why UC?
• Bad sets of markings are UC 

• checking safety properties = reachability of bad markings
• Uniquely characterized by generator

• simple representation= finite multiset

Upward Closed Sets
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Termination: 
finite words over finite multisets

well quasi-ordered

symbolic representation = 
finite  words over finite multisets


