
  
 Rule-based models give a compact description of protein-
protein interactions in spite of combinatorial number of protein 
complexes interacting in the cellular system. Still, solving the 
Master equation by observing fully defined species remains 
hard or unfeasible. We instead detect fragments , clusters of 
species which can describe the stochastic behavior self-
consistently and without error. In biological context, fragments 
arise through statistical independence of some binding and 
modification events. The procedure for detecting fragments is 
automatic and is of linear complexity in the size of the rule set.   

I. MOTIVATION 
 Rule-based models are recognized as a valuable modeling 
tool in explaining signal transduction networks [1,2]. 
Defined as a graph-rewriting language, they allow a compact 
description of protein-protein interactions in spite of 
combinatorial number of protein complexes interacting in 
the cellular system [3]. However, the combinatorial number 
of species leaves the computation of both ordinary 
differential and stochastic semantics hard. People have 
proposed different methods to reduce the differential 
semantics of biochemical systems [4,5,6]. In particular, the 
authors in [6] propose the reduction of differential semantics 
starting from the rule-based specification: they detect a set of 
partially defined species-fragments which allow description 
of the semantics in a self-consistent manner. Case studies 
therein show a significant reduction from the number of 
species to the number of fragments. We on the other hand 
focus on the problem of reducing the stochastic semantics of 
rule-based models. We follow the abstract framework used 
in [6]. The fragmentation will be more refined than in the 
differential case, since we can omit the dependency between 
the species only if they behave identically in each stochastic 
trajectory. It is of utmost importance that our method avoids 
working on the fully defined species, because any 
aggregation method that relies on the enumeration of the 
state space or even on the enumeration of all reachable 
species is doomed due to the combinatorial blow-up.  

II. RESULTS 
We first confirm that the abstraction which gives sound 
differential semantics cannot be directly applied to the 
stochastic setting, by experimental illustration on a simple 
case study. We offer the characterization of fragments which  
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allow sound stochastic simulations.  More concretely, we  
 
observe how a given fragmentation reflects as an 
aggregation on the underling continuous-time Markov chain, 
and we define the sound abstraction as a form of backward 
bisimulation between labeled transition systems [7], also 
familiar as weak lumpability on Markov chains [8]. We use 
the theory of abstract interpretation to formally prove the 
correctness of our approach. We instantiate this generic 
framework with a particular specification language, the rule-
based language Kappa, and we propose an efficient 
procedure for computing stochastically sound fragments by 
static analysis of the rule set and the accompanying initial 
conditions. The procedure exploits and extends the notion of 
a contact map [6] of a rule set. 

III. CONCLUSION 
We proposed an efficient procedure for computing 
stochastically sound fragments by static analysis of the rule 
set and the accompanying initial conditions. A practical 
aspect is that the fragments represent abstract species and as 
such they can be fed into any general purpose stochastic 
simulator for chemical kinetics. We tested our algorithm on 
a case study of a cross-talk between early EGF and insulin 
pathway [4]. With originally 2899 species involved, the 
system is reduced to 247 fragments. In the future work, we 
are interested in developing metrics which will evaluate the 
error when using the given non-sound fragmentation. In the 
perspective, this would allow the modeler to choose how to 
balance the amount of computational effort and precision. 
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