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Abstract— This paper analyzes the role that membrane disso-
lution rules play in order to characterize (in the framework of
recognizer P systems with membrane creation) the tractability of
decision problems —that is, the efficient solvability of problems
by deterministic Turing machines. In this context, the use or
not of these rules provides an interesting borderline between the
tractability and the (presumable) intractability.

I. INTRODUCTION

Membrane Computing is a cross-disciplinary field of Nat-
ural Computing with contributions by computer scientists,
biologists and formal linguists that was introduced by Gh.
Paun in [6]. Since then it has received important attention
from the scientific community. In fact, Membrane Computing
has been chosen by the Institute for Scientific Information as a
fast Emerging Research Front in Computer Science in October
2003 [14].

This new non-deterministic model of computation starts
from the assumption that the processes taking place in the
compartmental structure of a living cell can be interpreted as
computations. The devices of this model are called 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 manner?.

In living cells, new membranes are produced basically
through two processes, mitosis (membrane division) and au-
topoiesis (membrane creation)?. These two processes have
inspired two variants of P systems, namely P systems with
active membranes and P systems with membrane creation.

P systems with active membranes have been successfully
used to design solutions to well-known NP-complete problems
(e.g. [11], [12], [13]). Recently, the first (uniform) results re-
lated to the computational efficiency using membrane creation
have arisen (see [2], [3]).

The paper is organized as follows. First, we summarize basic
notions on computational complexity in P systems. Section
I recalls P systems with membrane creation. The concept
of dependency graph is defined in Section IV, providing a
characterization of standard class P in terms of recognizer
P systems with membrane creation without using dissolution

1A detailed description can be found in [7] and further bibliography at [15].
2Membranes are created in living cells, for instance, in the process of vesicle
mediated transport and in order to keep molecules close to each other to
facilitate their reactions. Membranes can also be created in a laboratory - see

[41.

rules. A linear solution to QSAT by P systems with membrane
creation is presented in Section V, showing a surprising role
of dissolution rules: using them we go beyond tractability.
Finally, some conclusions are given in Section VI.

REFERENCES

[1] M.A. Gutierrez-Naranjo, M.J. P erez-Jim enez, A. Riscos-N “ufiez: A fast P
system for finding a balanced 2-partition. Soft Computing, 9, 9 (2005),
673-678.

[2] M.A. Gutierrez-Naranjo, M.J. Perez-Jimenez, F.J. Romero-Campero: A
linear solution of Subset Sum Problem by using Membrane Creation.
In Mechanisms, symbols and models underlying cognition, First Interna-
tional Work-Conference on the interplay between Natural and Artificial
Computation, IWINAC 2005 (J. Mira, J.R. Alvarez, eds.), LNCS 3561
(2005), 258—267.

[3] M.A. Gutierrez-Naranjo, M.J. Perez-Jim“enez, F.J. Romero-Campero:
Solving SAT with Membrane Creation. In Computability in Europe 2005,
CiE 2005: New Computational Paradigms (S. Barry Cooper, B. Lowe,
L. Torenvliet, eds.), Report ILLC X-2005-01, University of Amsterdam,
82-91.

[4] P.L. Luisi: The chemical implementation of autopoiesis, Self-Production
of Supramolecular Structures (G.R. Fleishaker et al., eds.), Kluwer,
Dordrecht, 1994.

[5] Ch.H. Papadimitriou: Computational Complexity, Addison-Wesley Pub-
lishing Company, Reading, Massachusetts, 1995.

[6] Gh. Paun: Computing with membranes, Journal of Computer and System
Sciences, 61, 1 (2000), 108-143.

[7]1 Gh. Paun: Membrane Computing. An Introduction, Springer—Verlag,
Berlin, 2002.

[8] Gh. Paun: Further open problems in membrane computing. Proceedings
of the Second Brainstorming Week on Membrane Computing (Gh. Paun,
A. Riscos-N ufiez, A. Romero-Jim "enez, F. Sancho-Caparrini, eds.), Report
RGNC 01/04, University of Seville, 2004, 354—365.

[9] M.J. P erez—Jimenez: An approach to computational complexity in Mem-
brane Computing. In Membrane Computing, 5th International Workshop,
WMCS5, Revised Selected and Invited Papers (G. Mauri, Gh. Paun, M.
J. P erez-Jimenez, G. Rozenberg, A. Salomaa, eds.), LNCS 3365 (2005),
85-109.

[10] M.J. P7erez-Jimenez, F.J. Romero-Campero: Solving the Bin Packing
problem by recognizer P systems with active membranes. Proceedings
of the Second Brainstorming Week on Membrane Computing (Gh. Paun,
A. Riscos-N “ufiez, A. Romero-Jim “enez, F. Sancho-Caparrini, eds.), Report
RGNC 01/04, University of Seville, 2004, 414-430.

[11] M.J. P erez-Jim enez, A. Riscos-N “ufiez: Solving the Subset-Sum problem
by P systems with active membranes, New Generation Computing, 23, 4
(2005), 367—384.

[12] M.J. Perez-Jim“enez, A. Riscos-N ufiez: A linear—time solution for the
Knapsack problem using P systems with active membranes, Membrane
Computing (C. Mart'Iin-Vide, G. Mauri, Gh. Paun, G. Rozenberg, A.
Salomaa, eds.), LNCS 2933 (2004), 250—268.

[13] M.J. Perez-Jimenez, A. Romero-Jim enez, F. Sancho-Caparrini: A poly-
nomial complexity class in P systems using membrane division, Proceed-
ings of the 5th Workshop on Descriptional Complexity of Formal Systems,
DCFS 2003, (E. Csuhaj-Varju, C. Kintala, D. Wotschke, Gy. Vaszil, eds.),
2003, 284-294.

[14] ISl web page: http://esi-topics.com/erf/october2003.html

[15] P systems web page: http://psystems.disco.unimib.it/



