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Model Checking
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Automated technique for proving properties of systems using models

Real object
 Software
 Electronics
 Physics
 Biology

Abstract object
 Equation
 Program
 Automaton

Formal guarantee
 Mathematical certainty
 Precision
 Error rate

Anything we want?
 Behaviour
 Qualitative
 Quantitative

Algorithms / Tools



Types of models
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Computer Science : Formal Models

Automata Dedicated languages

Extended with all the details we need:

 Costs

 Time

 Probabilities

 Discrete / Continuous

 Hybrid

But also: Standard programs 

But also: Differential Equation Systems 



Types of Properties
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Qualitative / Quantitative and Dynamic

 Linear properties (traces)
 Ex : The size is always smaller than 4cm

 Branching properties
 Ex : Regardless of the food supply, the jellyfish grows

 + necessary details (Time, Probabilities, …)
 Ex : The probability that the jellyfish reaches a size > 2cm in less 

than 15 days is always greater than 10 %

… But mostly using dedicated Languages

In some cases (cf SMC), it is enough to 
give an « oracle »



Statistical Model Checking
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Based on simulations

 Trace properties
 Purely probabilistic models
 Executable models

Precision (δ) / Error rate(α) guaranteed

Goal: Estimate the probability with which a model satisfies a property



SMC in practice
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February 2020SMC for parametrisation of uncertain (biogeochemical) systems6

Two ways of using SMC

Sensitivity / Variability analysis

Model
(Already parametrised)

Uncertainties / Variability

Guaranteed Certification

 Fixed Precision
 Fixed Error Rate
 Probabilistic guarantee

1

Model
(with or w/o uncertainties)

Parameterization

Optimal parameter values

 Formal guarantees
 Considered variability

2

Unknown parameters
(with variability)

Experimental data
Statistical analysis



Automated parameterization 
using SMC
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+ experimental dataset
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Optimal parameter values

Correlogram
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Conclusion



Take home message
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Automated parameterization technique

 Based on formal methods : Certified guarantees

 Few restrictions on the input model

 Uncertainties / Variability taken into account

Ongoing / Future work

 Coupling with control techniques

 Use of Neural Networks when ODEs are not available

 Automated verification/evaluation of model-based intellectual rights?



Unrelated food for thoughts

Resulting from discussions with Damien Eveillard



Words and pictures
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Words that ring a bell

One picture

 Models
 Processes

 Composition
 Combination

 Digital Twin
 Heterogeneous

 Hierarchical
  



Component algebras and interface theories
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Component algebras:

How to formalize what is inside a given component
How to combine different views of a given process

Interface theories:

How to formalize the interactions between components
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