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Goal: 
Mitigate state explosion through 
program transformations
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Resulting Markov chain for N=6:
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State Elimination
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Can we (automatically) achieve such 
simplifications by manipulating the program?

These Markov 
chains are 
equivalent wrt. 
reaching  !
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Variables cannot always be unfolded so easily 
• E.g. cannot unfold f if assignment f = x occurs  

• x must be unfolded first 
• Most real-world instances have some unfoldable variables

unfold f
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In plain Markov chains:

In the control-flow graph (eliminating a single transition):
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Location Elimination in general
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Each location (without self-loops) can be eliminated by successively 
applying the transition-elimination rule to all its incoming transitions.

Treat case  with extra carel1 = l2
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Theorem: 
Exponentially many (in ) applications of transition elimination are sufficient 
and necessary to eliminate location  

m
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Automization

Heuristics: Unfold a bit, eliminate reasonably

11

higher score = generates more self-loop free locations

don’t blow up the control flow graph



Out of Control: Reducing Probabilistic Models by Control-State Elimination  — Tobias Winkler

Implementation

12

• Extension to the probabilistic model checker Storm 
• Used as a simplification front end:

Input Program

Full state space Reduced State Space

Unfolding + Elimination 
until too many control-flow 

locations 

Input 
property
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Control-Flow Reduction and Bisimulation Minimization
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Are orthogonal and can be combined!



Out of Control: Reducing Probabilistic Models by Control-State Elimination  — Tobias Winkler

Take-Home Messages

15

In probabilistic model checking …



Out of Control: Reducing Probabilistic Models by Control-State Elimination  — Tobias Winkler

Take-Home Messages

15

1) Mechanizable program transformations can reduce the state space 

In probabilistic model checking …



Out of Control: Reducing Probabilistic Models by Control-State Elimination  — Tobias Winkler

Take-Home Messages

15

1) Mechanizable program transformations can reduce the state space 

2) There are “symmetries” beyond bisimulation

In probabilistic model checking …



Out of Control: Reducing Probabilistic Models by Control-State Elimination  — Tobias Winkler

Take-Home Messages

15

Thank you!

1) Mechanizable program transformations can reduce the state space 

2) There are “symmetries” beyond bisimulation

In probabilistic model checking …



Out of Control: Reducing Probabilistic Models by Control-State Elimination  — Tobias Winkler

Take-Home Messages

15

Thank you!

1) Mechanizable program transformations can reduce the state space 

2) There are “symmetries” beyond bisimulation

In probabilistic model checking …


