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Signalling Pathways

EGF, TGF-alpha, etc
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Rule-based approach

We use site graph rewrite systems

1. The description level matches with both

ﬁ

e the observation level
e and the intervention level

of the biologist.
We can tune the model easily.

2. Model description is very compact.
3. Quantitative semantics can be defined.
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A model with ubiquitination
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Statistical independence

We check numerically that:
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Reduced model
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Comparison between the two models
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Coupled semi-reactions
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Comparison between the two models
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Although the reduction is correct in the ODE semantics.
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Degree of correlation
(in the unreduced model)
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Distant control
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Reduced model
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Comparison between the two models
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Degree of correlation
(in the unreduced model)
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A model with symmetries
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Degree of correlation
(in the unreduced model)
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Equivalent chemical species

We check numerically that:
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Reduced model
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Exponential reduction!!!
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Comparison between the two models
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Weighted Labelled Transition Systems

A weighted-labelled transition system )V is given by:
e O, a countable set of states;
e [, aset of labels;
e w: 0O x L x 9 — R, aweight function;
e 71p: O — [0, 1], an initial probability distribution.

We also assume that:
e the system is finitely branching, i.e.:

- the set{q € O | my(q) > 0} is finite
- and, forany q € O, the set{l,q' € £L x 9| w(q,l,q') > 0}is finite.

e the system is deterministic:
ifw(qg,A,qi) >0and w(q,A, qz2) >0, then: g = q».
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Trace distribution

A cylinder set of traces is defined as:

A AL Mol
T=do — di1...-9qx—1 — qx

where:
o (qi)oick € O and (Ai)q<icx € LK,
o (Ii)i<i<x is a family of open intervals in R;.

The probability of a cylinder set of traces is defined as follows:

k

Pr(t) 2 m5(qo) 1] W(‘jli(c‘lf 111’) q:) (e—a(qi_u-inf(m _ e—a(qi_u-summ),

i=1

where a(q) 2 Zx,q,w(q,x, q’).
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Abstraction between WLTS
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Soundness

Given:
o two WLTS S = (O, £, —,w,Z,7,) and & = (O, £F, ~», wh, TF 705,
e two abstraction functions p<: O — O and B~ : £ — L7,

S*is a sound abstraction of S, if and only if, for any cylinder set T of traces of
S, we have:

Pr(p' (1)) = ZT/(PT(T/) B () =B (1),
where,

A7l A,
BT(qo = qi...qm1 2 qy)
BL (A I

°(qo) = =" B2Uq1)---B%Uagr1) T =T B2Aqw)-
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Backward bisimulation

Let ~o be an equivalence relation over O and ~, be an equivalence relation
over L.

[q*]_/:g ) [,qj]/:
We say that (~o,~,) is a backward bisimulation, v(d1) %q‘--%%??ﬂq”

if and only if, there exists v : O — R*, such that; !9 h92. @ o
for any q;, q; € O which satisfies q; ~o q5: L -
v(qs3) §q; @—W0 1. o
e a(q;) = alq3); Y(q4) %qél :“F’_%ﬁymz)

e and forany A, € L, q, € O,
de([q*]/~Q> D\*L/g) q1/) — de([q*]/~Q> D\*]“‘/ﬁ’ qé)
where: bwd([q.],-,,\.]- ., q) = qu (m))w(q, N,q')1q ~0 g A ~2 A,).
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Bisimulation algebra

Backward bisimulations can be:
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Conclusion

e A framework for reducing stochastic rule-based models.

- We use:

x the sites the state of which are uncorrelated;
x the sites having the same capabilities of interactions.

- Algebraic operators combine these abstractions.

e We use backward bisimulations in order to prove statistical invariants,

we use them to reduce the dimension of the continuous-time Markov
chains.
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Future works

e Forward bisimulations are very convenient to abstract ODE semantics.
= Investigate the use of hybrid bisimulation.

e Propose approximated simulation algorithms to approximate different
scale rate reactions.

- hybrid systems,
- tau-leaping,
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