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Abstract. In this paper we discuss about the potential usefulness of P
systems as natural tools for modelling tumours. This is done both from
a macroscopic point of view, by considering the tumour as a growing
mass of cells, as well as from a microscopic point of view, by studying
molecular signalling pathways. In each of these approaches we work with
appropriate variants of P systems

1 Introduction

Natural Computing is a field that tries to abstract ideas and new paradigms
for introducing models of computation inspired by Nature. One of the branches
within this field is Membrane Computing, presented by Gh. Păun in [16], where
the basic computing devices are the so-called membrane systems or P systems.

Roughly speaking, a P system consists of a cell-like membrane structure in
the compartments of which one places multisets of objects which evolve according
to given rules in a synchronous non-deterministic maximally parallel manner1.
P systems offer two levels of parallelism: on the one hand, the rules within a
membrane are applied simultaneously; on the other hand, these operations are
performed in parallel in all the membranes of the system.

To sum up, P systems have the following properties:

– P systems can be considered as structures of nested processors placed in a
tree-structure i.e., we can consider computations on many scales.

– If we consider P systems where membranes can be dissolved, divided or
created, we usually obtain a geometrical shape too irregular to be described
in traditional geometrical language, both locally and globally.

– Computations in P systems are obtained by the application of a finite set of
rules. The application of these rules allows to obtain a configuration Cn+1

from another configuration Cn.
– The computation of a P system is discrete, i.e., it is a process performed step

by step.

1 A layman-oriented introduction can be found in [18], a formal description in [17],
and further bibliography at [24].



In this paper we address the issue of using P systems in order to provide
a better understanding of tumours. From an intra-cellular point of view, one
can try to express the molecular interactions happening in the cytoplasm of a
tumoral cell by means of P systems. We will recall some ideas from [20], where
the EGFR signalling pathway is studied, but we are not going to focus on this
approach. We will also consider a macroscopical point of view, looking at the
whole tumour.

The rapid growth and resilience of tumours make it difficult to believe that
they behave as disorganised and diffuse cell mass and suggests instead that they
are emerging, opportunistic systems. If this hypothesis holds true, the grow-
ing tumour and not only the single cell must be investigated and treated as a
self-organising complex dynamic system. This cannot be done with currently
available in vitro/in vivo models or common mathematical approaches.

We follow here a number of recent studies (see [1, 3, 5, 10, 11, 14, 21, 22]) pos-
tulating that tumours have a fractal shape. The massive parallelism, the syn-
chronous application of the rules, and the discrete nature of their computation,
among other features, lead us to consider P systems as natural tools for dealing
with fractals. Several examples of fractals represented by P systems are pre-
sented, and we propose to use P systems as a new tool for representing and
simulating the fractal nature of tumours.

The paper is organised as follows. First we deal with tumours at macroscopic
level. We recall de definition of P systems with membrane creation in Subsec-
tion 2.1, and we explain how the evolution of a P system can be linked to the
construction of a classical fractal, the Koch curve. Subsection 2.3 concludes the
macroscopic approach, and it addresses random fractals, which are closer to the
real shape of tumours. Section 3 is devoted to the intracellular scenario of tu-
moral cells. In this case we recall the definitions of continuous P systems and we
briefly present the EGFR signalling pathway in Subsection 3.2.
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rythmic proliferation of human breast cancer cell lines: Surface effects and fractal
growth patterns. Journal of Pathology, 197 (2002), 163–169.

23. R.F. Voss: Fractals in nature: From characterization to simulation. In The Science

of Fractal Images (H.-O. Peitgen, D. Saupe, eds.), 1988, 21–70
24. P systems web page: http://psystems.disco.unimib.it/


