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Abstract

Recently, the idea of spiking neurons and thus of computing by spiking was incorporated into
membrane computing, and so-called spiking neural P systems were introduced. Very shortly, in
these systems neurons linked by synapses communicate by exchanging identical signals (spikes),
with the information encoded in the distance between consecutive spikes. Several ways of
using such devices for computing were considered in a series of papers, with universality results
obtained in the case of computing numbers, both in the generating and the accepting mode;
generating, accepting, or processing strings or infinite sequences was also proved to be of interest.

In the present paper, after a short survey of central notions and results related to spiking
neural P systems, we contribute to this area with two (types of) results: (i) we produce small
universal spiking neural P systems (84 neurons are sufficient in the basic definition, but this
number is decreased to 49 neurons if a slight generalization of spiking rules is adopted), and
(ii) we investigate the possibility of generating a language by following the trace of a designated
spike in this way through the neurons.

1 Introduction

Spiking neural P systems (in short, SN P systems) were introduced in [4], with the motivation
coming from two directions: the attempt of membrane computing to pass from cell-like architectures
to tissue-like or neural-like architectures (see [11], [8]), and the intriguing possibility of encoding
information in the duration of events, or in the interval of time elapsed between events, as in recent
research in neural computing (of “third generation”) [6].



This double challenge led to a class of P systems based on the following simple ideas: let us
use only one object, the symbol denoting a spike, and one-membrane cells (called neurons) which
can hold any number of spikes; each neuron fires in specified conditions (after collecting a specified
number of spikes) and then sends one spike along its axon; this spike passes to all neurons connected
by a synapse to the spiking neuron (hence it is replicated into as many copies as many target neurons
exist); between the moment when a neuron fires and the moment when it spikes, each neuron needs
a time interval, and this time interval is the essential ingredient of the system functioning (the
basic information carrier — with the mentioning that also the number of spikes accumulated in each
moment in the neurons provides an important information for controlling the functioning of the
system); one of the neurons is considered the output one, and its spikes provide the output of the
computation. The rules for spiking take into account all spikes present in a neuron not only part
of them, but not all spikes present in a neuron are consumed in this way; after getting fired and
before sending the spike to its synapses, the neuron is idle (biology calls this the refractory period)
and cannot receive spikes. There are also rules used for “forgetting” some spikes, rules which just
remove a specified number of spikes from a neuron.

In the spirit of spiking neurons, as the result of a computation (not necessarily a halting one)
in [4] one considers the number of steps elapsed between the first two spikes of the output neuron.
Even in this restrictive framework, SN P systems turned out to be Turing complete, able to compute
all Turing computable sets of natural numbers, both in the generative mode (as sketched above, a
number is computed if it represents the interval between the two consecutive spikes of the output
neuron) and in the accepting mode (a number is introduced in the system in the form of the interval
of time between the first two spikes entering a designated neuron, and this number is accepted if the
computation halts). If a bound is imposed on the number of spikes present in any neuron during
a computation, then a characterization of semilinear sets of numbers is obtained.

These results were extended in [9] to several other ways of associating a set of numbers with
an SN P system: taking into account the interval between the first k spikes of each spike train, or
all spikes, taking only alternately the intervals, or all of them, considering halting computations.
Then, the spike train itself (the sequences of symbols 0, 1 describing the activity of the output
neuron: we write 0 if no spike exits the system in a time unit and 1 if a spike is emitted) was
considered as the result of a computation; the infinite case is investigated in [10], the finite one in
[2]. A series of possibilities of handling infinite sequences of bits are discussed in [10], while morphic
representations of regular and of recursively enumerable languages are found in [2].

In this paper we directly continue these investigations, contributing in two natural directions.
First, the above mentioned universality results (the possibility to compute all Turing computable
sets of numbers) do not give an estimation on the number of neurons sufficient for obtaining the
universality. Which is the size of the smallest universal “brain” (of the form of an SN P system)?
This is both a natural and important (from computer science and, also, from neuro-science point
of view) problem, reminding the extensive efforts paid for finding small universal Turing machines
— see, e.g., [12] and the references therein.

Our answer is rather surprising/encouraging: 8/ neurons ensure the universality in the basic
setup of SN P systems, as they were defined in [4], while this number is decreased to 49 if slightly
more general spiking rules are used (providing the possibility to produce not only one spike, but
also two or more spikes at the same time). The proof is based on simulating a small universal
register machine from [5].

Then, another natural issue is to bring to the SN P systems area a notion introduced for
symport/antiport P systems in [3]: mark a spike and follow its path through the system, recording
the labels of the visited neurons until either the marking disappears or the computation halts.
Because of the very restrictive way of generating strings in this way, there are simple languages



which cannot be computed, but, on the other hand, there are rather complex languages which can
be obtained in this framework.

Due to space restrictions, we do not give formal definitions/results for SN P systems (we refer

to the above mentioned papers for that); also, we only present the ideas of the proofs, with full
details to be given in separate papers to be circulated/announced through [13].
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