
modeling complex systems in the life sciences

model-checking stochastic systems

multi-level dynamics

stochastic machine learning

combinatorial dynamics

ilsi ...

 clean and powerful mathematical/computational tools

self-organised dynamics



Bio-PEPA
modelling projects on circadian rhythms & tumour development



semantic equivalences to model biological behaviour

relate models with same behaviour - for labelled transition 

systems/CTMC with levels



Multi-Level Modelling via Stochastic Multi-Level
Multiset Rewriting

Problem Model an interacting set of cells, each with its internal
biochemistry.
Solution Use Multi-level rules such as:

Virus,Cell k6−→ InfectedCell(gen, 80V1, 40V2)

InfectedCell(x , gen, str) k5−→ InfectedCell(x),Virus

Example Run

stochastic multi-level multiset rewriting

the Lambda language



arbitrary multi-level dynamics

Model interacting cells, each with internal biochemistry



Dynamical model of transcription

dxi (t)

dt
= Aiµ(t) + bi − λixi (t)

We are interested in reconstructing transcription factor activities in
a variety of network topologies.

stochastic transcriptional processes

reconstructing TF activities for transctiptional networks 



Results on p53 data set: Feed-Forward Loop model

� p53 is involved in a FFL where it acts as a slave TF (Nature Reviews, 2009)

� E2F1 represents the master TF which activates p53 and p53 target genes

� We compute inference on p53 activity using a FFL model and compare our
results with prediction of a single-input motif (SIM) model (Barenco et al,
Genome Biol 2006)

� p53 activity experimental measure (crosses)

� SIM prediction (dashed) compared with our FFL prediction (solid)

p53 a feed-forward loop model



open/close 
DNA

recognition & U,T ⇒ X

X ⇒ C

C ⇒ mC

DNAchr

base rd

init

T,U,C,mC

C,mC

op,cl

TDG

N140 rd
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tdg
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The Kappa language

combinatorial dynamics



causality - stories

story:= 
incompressible 
causal trace

-
“everything 
matters”

-
causal debugging 

of the model

busy TDG

 

about 10% 
indirect repair
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self-regulating dynamics
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self-organisation


