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What if we allow for topology changes?

Thus: focus on tweaking the control structure



Seminar Synthesis of Models and Systems, Simons Institute 2021

Model Synthesis 

                                        finite Markov chains

Joost-Pieter Katoen 

s1

s3 s4

s2 s5

s6 s7

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

Probability to reach 
Expected # steps to

15



Seminar Synthesis of Models and Systems, Simons Institute 2021

Model Synthesis 

                                        finite Markov chains

Joost-Pieter Katoen 

s1

s3 s4

s2 s5

s6 s7

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

Probability to reach 
Expected # steps to

s1

s3 s4

s2 s5

s6 s7

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

15



Seminar Synthesis of Models and Systems, Simons Institute 2021

Model Synthesis 

                                        finite Markov chains

Joost-Pieter Katoen 

= Markov chaineach

s1

s3 s4

s2 s5

s6 s7

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

Probability to reach 
Expected # steps to

Huge, finite sets of

15



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

16

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

16

Synthesis goals: 

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

16

1. Find a realisation (an MC) satisfying f.
Synthesis goals: 

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

16

1. Find a realisation (an MC) satisfying f.
Synthesis goals: 

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

2. Find all realisations satisfying f. 

16

1. Find a realisation (an MC) satisfying f.
Synthesis goals: 

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

2. Find all realisations satisfying f. 

16

1. Find a realisation (an MC) satisfying f.
Synthesis goals: 

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

3. Find the realisation with the maximal  
probability to reach G.

2. Find all realisations satisfying f. 

16

1. Find a realisation (an MC) satisfying f.
Synthesis goals: 

Joost-Pieter Katoen  



Seminar Synthesis of Models and Systems, Simons Institute 2021

Synthesis Goals

Inputs:  
a Markov chain family + a property f eg. can G be reached with probability > p?

3. Find the realisation with the maximal  
probability to reach G.

2. Find all realisations satisfying f. 

16

1. Find a realisation (an MC) satisfying f.
Synthesis goals: 

Cost-based variants: 
4. Find the cheapest realisation satisfying f.
5. Find all within-budget realisations satisfying f.
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Simple Does not use any of the 
structure from the family
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Build the union (linear blow-up), apply model checking and extract result

Exploit regularity 
with symbolic methods

Probabilistic model checking 
slow, already on moderate 

family sizes
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[Chrszon et al, Form Asp Comp 2018]
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Nondeterminism

Nondeterminism

Nondeterminism

This yields a quotient MDP
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Huge potential,  
limited runtime penalty

Quotient may be much larger 
than any family member
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[Wimmer et al, LMCS 2015][Hensel et al, ATVA 2014]
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Property:  If a sub-MC of MC D refutes the safety property f, then D refutes f too.

Counterexample := minimal command set of a PRISM program P violating f.

Finding a minimal command set is hard: MAXSAT or greedy approaches
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Implemented in Python, using Z3 and the probabilistic model checker Storm
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▪ Synthesise guards and updates in DPM control program with 9 holes
▪ Specification = conjunction of expected #lost reqs and energy consumption

Challenge

▪ Family size = 43,000,000 control programs of average size of 3,600 states
▪ Our approach: 9 hours; baseline: > 1 month

Results (16 parameters)

[Benini et al, IEEE CAD 1999]



Seminar Synthesis of Models and Systems, Simons Institute 2021

Maze POMDP

Joost-Pieter Katoen

39

[Mealeau et al, UAI 1999]
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Determining an optimal strategy for reachability is undecidable

Determining an optimal positional strategy for reachability 
is ETR-complete

Practice: determine randomised finite-state controllers with bounded memory

This is as hard as finding the real roots of a polynomial
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Minimise the expected #steps to exit the maze

▪ 22 parameters
▪ 9,400,000 possible strategies
▪ 200 states average MC size 

▪ baseline: about two days 

▪ our approach: 1 hour



Seminar Synthesis of Models and Systems, Simons Institute 2021

Improving Herman’s Randomised Self-Stabilisation

Joost-Pieter Katoen  

42



Seminar Synthesis of Models and Systems, Simons Institute 2021

Improving Herman’s Randomised Self-Stabilisation

Joost-Pieter Katoen  

42



Seminar Synthesis of Models and Systems, Simons Institute 2021

Improving Herman’s Randomised Self-Stabilisation

Joost-Pieter Katoen  

42

Can we do better?
Use a single bit of memory and 25 different coin biases



Seminar Synthesis of Models and Systems, Simons Institute 2021

Improving Herman’s Randomised Self-Stabilisation

Joost-Pieter Katoen  

42

Can we do better?
Use a single bit of memory and 25 different coin biases

▪ 7 parameters
▪ 3,100,000 possible strategies
▪ 1,100 states average MC size 



Seminar Synthesis of Models and Systems, Simons Institute 2021

Improving Herman’s Randomised Self-Stabilisation

Joost-Pieter Katoen  

42

Can we do better?
Use a single bit of memory and 25 different coin biases

▪ 7 parameters
▪ 3,100,000 possible strategies
▪ 1,100 states average MC size 

▪ baseline: about 1,5 days 

▪ our approach: 17 minutes



Seminar Synthesis of Models and Systems, Simons Institute 2021

Improving Herman’s Randomised Self-Stabilisation

Joost-Pieter Katoen  

42

Can we do better?
Use a single bit of memory and 25 different coin biases

▪ 7 parameters
▪ 3,100,000 possible strategies
▪ 1,100 states average MC size 

▪ baseline: about 1,5 days 

▪ our approach: 17 minutes

Initially use most fair coins, memory 0, and later highly unfair coins, memory 1
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On Automated Synthesis of Probabilistic Models

• Applications: 
✓Program sketching 
✓Controller synthesis in partially observable systems 
✓Software product lines 
✓Randomised distributed computing 

• Approaches: CEGAR, CEGIS and their combination 

• Further work: 
✓Other refinement strategies 
✓Other models: MDPs, POMDPs, …… 
✓ Infinite families, infinite-state realisations, …… 

• Further details:  
LNCS 10500 (Festschrift Scott Smolka), TACAS 2019+21, FM 2019 

Joost-Pieter Katoen
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Coming Soon!


