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Aim and method

• Aim

Setting of an automatic and formal derivation of
qualitative dynamical models from reaction networks which
capture the salient properties of the case study

Get insights into the underlying implicit assumptions
made in qualitative (e.g. logical) modelling

• Method

Abstract interpretation framework to formally relate
models at different levels of description
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• Definition

• An example

 
2𝐴 

𝑘1
𝐵 (𝑟1)

𝐴 
𝑘2
𝐶 (𝑟2)

ν = {A, B, C}

Mr1(A) = 2, Mr1(B) = 0, Mr1(C) = 0 Mr2(A) = 1, Mr2(B) = 0, Mr2(C) = 0

Vr1(A) = -2, Vr1(B) = 1, Vr1(C) = 0 Vr2(A) = -1, Vr2(B) = 0, Vr2(C) = 1
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Derivation of a coarse-grained qualitative 
semantics

• Automatic and formal derivation of a coarse-grained
semantics using abstract interpretation framework

• Abstraction of values: quotienting of the domain of 
values by intervals

• Abstraction of traces: suppression of the ‘silent’ 
transitions 
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• Abstraction of values
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• Abstraction of traces

Derivation of a coarse-grained qualitative 
semantics
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q#1

0 1 2

0

1

2

q2

q1

0

Concrete trace Abstract trace

the abstraction is sound, i.e. no behavior of the

concrete semantics is lost in the abstract

Spurious behaviors can be introduced by 

the abstraction
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the sequestration effect of our case study
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Mass invariants

BT is invariant all along a trace

BT = q(B) + q(AB) + q(BC) + q(ABC)
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0

• Refinement of our abstraction with mass invariants

the abstraction is sound (and more precise!)

• Computation of the invariant in the abstract

Case study : mass conservation of B
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• Formalisation of this reasoning: annotation of the chemical
species

Limiting resources for interval crossing

0 q(x1)

q(x2)

The number of instances of the annotated chemical species is close to the

lowest border of its new interval
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• Formalisation of this reasoning: introduction of annotation of the 
chemical species

• Is there a flux vector which can make a chemical species escaping its
current interval upwards ?

linear decision procedure: the annotated chemical species can escape its
current interval upwards if:

1) there is enough reactant resources

2) enough quantity of the chemical species is produced to escape the 
interval

• Refinement of the abstraction with the interval crossing constraint

the abstraction is sound (and more precise!)

Limiting resources for interval crossing
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0 r3

Accounting for time scale separation

We need to neglect the reaction r3 compared to r1 to 

capture the sequestration effect in the abstract

r1



• Refinement of the concrete semantics to take into account time 
scale separation

• Kinetic function associated to a reaction

• Slow reactions are neglected compared to fast reactions

Time scale separation



Time scale separation

A B C

AB BC

ABC

r1 r2

r3 r4

q(ABC)

q(AB)

0

r1

r3



Time scale separation

A B C

AB BC

ABC

r1 r2

r3 r4

q(ABC)

q(AB)

0

r1

r3



• Refinement of the concrete semantics to take into account time 
scale separation

• Kinetic function associated to a reaction

• Slow reactions are neglected compared to fast reactions

Time scale separation



• Refinement of the concrete semantics to take into account time 
scale separation

• Kinetic function associated to a reaction

• Slow reactions are neglected compared to fast reactions

• Refinement of the abstract semantics with time scale separation

Time scale separation



• Refinement of the concrete semantics to take into account time 
scale separation

• Kinetic function associated to a reaction

• Slow reactions are neglected compared to fast reactions

• Refinement of the abstract semantics with time scale separation

the abstraction is sound (with respect to the refined concrete
semantics)

Time scale separation
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• Modeling assumptions

-

All the asynchronous updatings are taken into account

The requirements of the refinements are satisfied

- Mass action stochastic law for the definition of the kinetic function

- Asynchronous updating policy

Application to our case study
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Conclusion and prospects

• Setting of a formal and automatic method for the derivation
of an coarse-grained semantics from reaction networks
which accounts for the salient properties of our case study

• New trade-off between precision and complexity

• Prospects:

• Identification of other refinements of the abstraction

• Test on other case studies showing other properties of
interest

• Scaling up of the method



Thanks!



Linear decision procedure

Limiting resources for interval crossing



• Reaction scheme
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