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Abstract. We consider P systems working in the accepting mode: an input
is provided (by the “user” of the system, placed in the environment) in the
form of a number and the system accepts this number or not, provided that a
halting computation exists starting from the initial configuration. Two ways
to provide the input are considered: the input is introduced in the system in
the initial configuration, in the form of the multiplicity of a specified object, or
it is provided by means of a signal, a special object which is made available in
the environment at a certain moment of time after the system has started to
work; in this latter case, the number to recognize is identified by the number of
steps elapsed since the start of the computation. We examine the possibility to
recognize all Turing computable sets of numbers by means of deterministic P
systems — and positive results are obtained in both cases, for symport/antiport
P systems. The results are rather surprising in what concerns the complexity
of these systems: they use a number of membranes and symport/antiport rules
of (almost) the same size as in the non-deterministic case, which shows that
in this framework the determinism does not restrict the power of our systems.

1 Introduction

The two main classes of problems investigated for the many types of membrane sys-
tems (P systems) available in the literature concern the power and the efficiency of
these systems. We refer to [12] for basic notions and results, and to the web page
http://psystems.disco.unimib.it for a comprehensive source of information. Because
P systems are non-deterministic (by definition and, in some sense, by their biological roots)



computing devices, no special attention was paid to the distinction between deterministic
and non-deterministic behaviour — except for the case of investigations related to com-
plexity issues, where deterministic (or at least confluent) systems were considered, but
looking for specific systems able to solve specific problems, and not for systems with a
Turing complete power. Moreover, because of the way of defining successful computations
as halting computations, the determinism does not make much sense in the case of sys-
tems used in the generative mode: either the system does not halt and then it computes
nothing, or it halts and then it computes only a singleton.

On the other hand, determinism not only makes sense, but it is natural in the case
of accepting P systems, where an input is introduced in the system, the computation
starts, and the input is accepted/recognized if (and only if) the computation eventually
halts. Whether or not determinism is a restriction is a standard problem for classic
automata theory (not always solved — see the case of linear bounded automata). On
the other hand, recently, automata-like P systems became a topic much investigated
in membrane computing. We mention here only a few papers dealing with accepting
P systems, sometimes even called P automata: [2, 3, 5, 9, 10]. However, somewhat
surprisingly (but motivated by the “standard” non-deterministic approach in membrane
computing), most if not all universality proofs present in these papers deal with non-
deterministic systems. This is rather useful in proofs, because “wrong” choices of rules to
apply are turned to computations which never halt (typically, a trap object is introduced,
which evolves forever, thus preventing the halting of the computation).

Is non-determinism necessary (for obtaining universality)? The question is both math-
ematically natural and of interest when dealing with decidability questions (when solving
decidability questions by means of P systems), where, for instance, we have to make
sure that the system works forever because the problem has no solution, not because of
a “wrong choice” in a given step of the computation. In particular, this problem has
appeared in the framework of looking for ways to compute beyond Turing barrier, by
making use of certain acceleration tools (see [1]); when trying to solve, say, the halting
problem for Turing machines by devices of a specified type, those devices should behave
in a deterministic manner. With this motivation and in this framework, two proofs were
given in [1] for deterministic characterizations of Turing computability, by P systems with
co-operating rules, also using membrane creation and membrane dissolving features, as
well as for symport/antiport systems. While in the first case the “price of determinism” is
rather high (co-operative rules alone are known to be universal — but the respective proof
is non-deterministic), in the latter case the system used is like in the non-deterministic
case: one membrane and only antiport rules of weight at most 2.

What is not investigated in [1] is the case where only symport rules are used, also
known to be universal in the non-deterministic case. We settle this case here, again
without any increase in the complexity of the system used: one membrane and symport
rules of weight 3 suffice, the same as in the generative and the accepting non-deterministic
cases, see [7, 8].

In the cases discussed above, a given P system identifies a set of numbers, all those for
which the system halts when starting with an input provided in the initial configuration



in the form of the multiplicity of a specified object: a™ is introduced by the “user” of
the system in a specified region and then the computation proceeds. In some sense, the
non-determinism is placed outside of the system, as the input can be any a™ for n being
a natural number.

Here we consider yet another way of providing the input (the number to be recognized),
by means of signals. Specifically, a special object s is distinguished; the computation starts
from the initial configuration of the system, and at some step n the signal s is supposed to
appear in the environment; this is an indication that the number n—1 is to be recognized,
hence if the system will halt, then n—1 is accepted, otherwise n—1 is rejected (we consider
n—1 as the number to be recognized in order to handle also the case of the number zero).
Of course, the system should sense immediately that s has appeared in the environment,
not to deal with a wrong input.

The results we obtain for this way of introducing the number to recognize are similar to
those mentioned above for the case when the input is provided in the initial configuration:
deterministic systems with antiport rules of weight 2, or with symport rules of weight 3
are universal — with only one membrane in the former case and two membranes in the
latter case (thus, in the symport case the result is not identical to the one for the initial
input).

Some extensions of these results (for instance, to the case of two signals, with the
number to be recognized being the number of steps in between the two consecutive signals)
are considered, and some open problems are also formulated.

2 Definitions

The reader is assumed to be familiar with the basic elements of membrane computing, so
that we recall here only a few notions, those central for what follows.

We investigate only (cell-like) P systems with symport/antiport rules, that is, systems
of the form II = (O, y, w1, ..., wn, E, Ry, ..., Ry), where O is the alphabet of objects, u
is the membrane structure (of degree m > 1, with the membranes labelled in a one-to-one
manner with 1,2,... m; as usual, we represent the membrane structures by strings of
matching labelled parentheses), wy, ..., w,, are strings over O representing the multisets
of objects present in the m compartments of p in the initial configuration of the system,
E C O is the set of objects supposed to appear in the environment in arbitrarily many
copies, and Ry, ..., R, are the sets of rules associated with the m membranes of u; these
rules can be of two types (by O we denote the set of all non-empty strings over O):

— Symport rules, of the forms (z,in) or (x,out), where z € O. When using such a
rule, the objects specified by = should enter or exit, respectively, the membrane with
which the rule is associated. In this way, objects are sent to or imported from the
surrounding region — which is the environment in the case of the skin membrane.
(The length of x in a symport rule is called the weight of the rule.)

— Antiport rules, of the form (z,out;y,in), where z,y € OT. When using such a



rule for a membrane ¢, the objects specified by x should exit the membrane and
those specified by y should enter from the region surrounding membrane i; this is
the environment in the case of the skin membrane. (The maximal length of z,y is
called the weight of the rule.)

The rules are used in the maximally parallel manner, thus defining transitions from
a configuration of the system to the next configuration. A sequence of transitions con-
stitutes a computation, and a computation halts when no rules can be used in the last
configuration.

If in each step of a computation there is at most one choice of rules to be applied (that
is, either the computation halts, or the next configuration is uniquely determined), then
we say that the system is deterministic. Otherwise, it is called non-deterministic.

In what follows, we use P systems in the accepting mode: a multiset ¢” is introduced
in the skin region of the system, for a distinguished object a, and then the computation
starts; if the system halts, then we say that n is recognized/accepted, and introduced in
the set N(II), of all numbers accepted by II.

By DN,IP,,(sym,,anti,) we denote the family of all sets N(II) of numbers accepted
as above by deterministic P systems with at most m membranes, using symport rules of
weight at most r and antiport rules of weight at most ¢, for m > 1 and r,q > 0. The
letter I here is used for indicating that the number to be recognized is introduced in the
initial configuration of the system (we will replace I by S in the case of using signals for
introducing the number we want to analyse — see Section 4).

By NRE we denote the family of Turing computable sets of natural numbers (the
length sets of recursively enumerable languages, and this is the origin of this notation).
In the proofs given below (as well as in many papers dealing with accepting P systems
with symport/antiport) we will use register machines as devices characterizing NRE,
hence the Turing computability.

Informally speaking, a register machine consists of a specified number of registers which
can hold any natural number, and which are handled according to a specified program
consisting of labelled instructions; the registers can be increased or decreased by 1 — the
decreasing being possible only if a register holds a number greater than or equal to 1 (we
say that it is non-empty).

Formally, a deterministic register machine is a device M = (m, B, ly, [, R), where
m > 1 is the number of registers, B is the set of instruction labels, Iy is the initial label,
Iy, is the halting label, and R is the set of instructions labelled by elements from B (R
is also called the program of the machine). The labelled instructions are of the following
forms:

— {y : (ADD(7),[l3) (add 1 to register r and go to the instruction with label ly),

— 1y : (SUB(7), lg,13) (if register 7 is not empty, then subtract 1 from it and go to the
instruction with label Iy, otherwise go to the instruction with label [3),

— I t HALT (the halt instruction, which can only have the label /).



A register machine is used to recognize a number in the following manner: we start
with all registers being empty, we introduce a number in a distinguished register (say,
the first register), and we start computing with the instruction labelled by ly; if the
computation reaches the instruction [, : HALT (that is, it halts), then the number is
recognized, otherwise it is not recognized. The set of all numbers recognized by M is
denoted by N(M). It is known (see [4, 11]) that deterministic register machines (with
three registers only, but this aspect is not important in what follows) recognize exactly
the family NRFE, of Turing computable numbers.

3 Universality in the Deterministic (Initial) Case

We start by recalling a result from [1] (Theorem 2 there), also giving the construction of
the proof, because the idea on which this construction is based on is essentially used in
the proofs below, too.

Theorem 1 NRE = DN,IP;(symg, antis).

Proof. For a given register machine M = (m, B, ly,l,, R) we consider the alphabet
U = {ay,...,an} (the symbol a; is associated with register ¢ and the contents of this
register will be represented by the multiplicity of object a; in the P system we are going
to construct), and consider the P system

II = (07 [1 ]1’ lo, O, Rl)v
O = UU{LI'I"1"I1"|le B},
Ry = {(ly, out;lza,,in) | for I, : (ADD(r),l,) € R}
U {(l,out; 111}, in),

(lia., out; 1Y, in),

(I1, out; 1YY in),

(1Y out; 1y, in),

(1% out; I3, in) | for I : (SUB(r),ly,13) € R}.
We start with [y present in the system, and we introduce also a multiset a7, for n being
the number to be recognized. The system behaves like M, simulating its instructions.

Each ADD instruction of M is simulated by a unique rule of II, while a SUB instruction

l1 : (SUB(r), lo, [3) is simulated as follows. The available object [; is sent out, in exchange of
I} and lf. The first object checks whether the register is non-empty, and in the affirmative
case it exits the system (together with a copy of a,) and is replaced by I{’; if no copy
of a, is available, then [} remains in the system and waits. The object [} checks what
the other object has done, allowing it a step for acting (this is the step when the rule
(1%, out; I*?in) is used). The object % will find inside either one of the objects I} (if the
register r was empty) and [{” (if the register » was not empty), and in each case the next



object to be introduced in the system, I3 or I, respectively, is the correct label to be used
in the program of M.

Clearly, the system II halts if and only if M halts for the same input n, hence N(M) =
N(II). [ |

This result corresponds to the universality of P systems with one membrane and
antiport rules of weight 2, working non-deterministically (in the generating or recognizing
mode) — see, [3, 7, 8|, etc. It is also known that non-deterministic P systems with one
membrane and symport rules of weight 3 are universal. This is true for accepting P
systems in the deterministic case, too.

Theorem 2 NRE = DN,IP,(syms, antiy).

Proof. We start again by considering a given register machine M = (m, B, ly, l;, R) and
an alphabet U = {ay,...,a,}, and construct the P system

II = (Oa [1 ]15 lOwla Ea Rl)a
O = UU {l, l’, l”, llll’ liv’ lv’ lvi’ lvii’ lviii, lzw ‘ l e B},
w; contains one occurrence of each ', 1%, 1, [V [*® for each [ € B,
E = UU{LI" 1", 1" 1"|]¢€ B},
Ry = {(l},out),

(1 lgar,m) | for I; : (ADD(r), 1) € R}

U {(ll}, out),

(Illlllll - )

(I a,, out),
(1717, out),
(1% i),
(", an),
(lUZZlI/lUZZZ Out)
("1 1" out),
(lumlg, ’LTL)
(

1%y, 4n) | for Iy : (SUB(r), ly, I3) € R}.

We start again with [y present in the system (as well as with copies of I, 1%, [°, [V% [
for all [ € B).

An instruction {y : (ADD(r),ls) is simulated in IT in two steps: [; exits together with
the “carrier” [}, which comes back together with the suitable label /; and one copy of a,.
(Note that because each [ € B appears only once as the label of an instruction, although
I7,1" are present in the environment, the rule ({{{{1{’,in) is not available also for /; being
the label of an ADD instruction, hence no non-determinism appears.)

The case of subtract instructions is more complicated. Take Iy : (SUB(r), l2,l3). Again
l; exits together with the “carrier” i, which brings into the system the object [{, which



checks whether any a, is present, and the object [}, which checks what the former object
has done. Specifically, in the next step [’ exits together with [}, while ] has the necessary
time for checking whether any a, exists; in the affirmative case, it exits together with %,
in the negative case it waits in the system. In the next step ¥ returns with Y% and, if it
went out, [’ returns with [¥*. Now, 1?% will go out either together with I} (which means
that the register was empty), or with /¥ (which means that the register was not empty).
In the former case, also [ exits, in the latter case also I:® exits, and these objects return
with the suitable label 3, l5, respectively, as necessary for the correct continuation of the
computation.

The process can be iterated (after completing the simulation of each instruction of M,
all objects different from those in U U B are back in the place where they were in the
initial configuration), and the computation of IT halts if and only if the computation of
M halts, hence N (M) = N(II). |

For P systems working in the generating mode, it is also known that the universality
holds when symport rules of weight 2 are used, provided that two membranes are used. Of
course, the proof is based on a non-deterministic system. It is an open problem whether
or not a counterpart of this result holds true also for deterministic systems working in
the accepting mode. We have some doubts that this is the case, and, if this conjecture
would be confirmed, then this would be a nice result: a class of P systems would have
been found where the non-deterministic systems are more powerful than the deterministic
ones.

4 Introducing the Input by Using Signals

The case discussed in the previous sections can be illustrated as in Figure 1(a), where, as
mentioned in the Introduction, the “user command” is assumed to be introduced in the
initial configuration of the system, and the system starts immediately to work. Another
possibility is as illustrated in Figure 1(b), with the system starting independently of any
input, and a signal s appears in the environment sometimes during the computation. If
this happens in step n, then this is as requesting from the system to analyse the number
n—1.

Formally, an accepting P system with one signal is a usual P system II =
(O, p, w1, ..., wm, E, Ry, ..., Ry), with O containing a distinguished object s which is
present in no multiset w;, 1 < i < m, and also s ¢ E. A number n is accepted by II
if the system starts from the initial configuration, proceeds computing, s appears in the
environment and is brought into the system in step n + 1, and then II halts in one of
the subsequent steps. As usual, we denote by N(II) the set of numbers accepted in this
way by II, and by DN,SP,,(sym,, anti,) we denote the family of sets N(II) accepted by
deterministic systems with at most m membranes, using symport rules of weight at most
r and antiport rules of weight at most ¢, for m > 1 and r, ¢ > 0, with the input introduced
by signals.
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Figure 1: Initial input and input by signals

It is important to note that s appears only once in the environment, after its appear-
ance we know that no further copy of it will ever appear.

Not very unexpected, also this mode of introducing the input leads to universality
results — but the proofs are significantly more difficult than in the case of an initial input.
The difficulty comes from the fact that we have to check in each time unit whether or
not s has appeared in the environment, at the same time counting the steps, in order to
know which is the number to be recognized. The checking can be done in the same way
as in the proofs of Theorems 1 and 2; instead of checking whether a register r is empty,
we check whether s is present, but two problems appear: the checking should be done in
the environment, and in each step, while in the proofs of the above theorems the check
is done inside the system, in step 2 of simulating the subtract instructions and then we
needed several steps for completing the check. This means that in our case we have to
use in parallel several independent “checkers”, started in consecutive time units, so that
in each time unit one checker looks for s in the environment. When one of these checkers
will find s, it has to stop all the other checkers, and make the system start to simulate
a register machine which has to recognize a number determined by the time when the
signal has appeared. This strategy will be essentially used in the proofs below.

We start with a counterpart of Theorem 1.

Theorem 3 NRE = DN,SP;(symy, antis).

Proof. The way to simulate a register machine M = (m, B, ly,l;, R) by means of a P
system starting with a7 in the skin region, using antiport rules of weight 2, is known from
the proof of Theorem 1, so that in what follows we only describe the way of producing
the initial label /[y and the multiset af in the case when s appears in the environment in
step n + 1.



We start with the objects ¢|c/d in the unique membrane of the system; all objects
necessary below for applying the rules are supposed to be present in the environment —
with the experience of the previous proofs and with the explanations we give, the reader
should be able to fill in the missing technical details.

In the first step we use the following rules (so, instead of giving the whole set of rules,
we present them in combinations, as they are “collaborating” during the computation):

(¢}, out; sc" in), (), out;car,in), (d,out;chcy,in).

In this way, if s is present in the environment, ¢; and its primed versions sense it; in
parallel, ¢/ is exchanged for ¢}’ and also a copy of a; is brought in, while the auxiliary
object d just brings inside the objects ¢}, ¢, which have the role of checking the appearance
of s in the even steps.

Specifically, in the next step — hence in any even subsequent step — we use the following
rules:

(e, out; f,in), (cc), out; e c!,in), (c),out;scy,in), (c),out;cay,in).

If ¢} has remained inside (hence s was not detected in the previous step), then ¢’ goes
outside together with it and ¢} ¢} return to the system, thus iterating the procedure, and
making possible the checking of s in the next step. Simultaneously, c¢; and its primed
variants perform a similar sequence of operations, checking whether s has appeared in
that (even) moment. We will discuss later the case when the signal was detected, and we
indicate the rules which can be used in any odd step but the first one, which was different,
because of using the rule (d, out; chch,in).

The rules used in any odd step are:

(CIQHCID OUt; .fa Zn)a (CZ;)CIQ’ OUt; 0’20’2” Zn)

(¢}, out; sty in),  (cf, out; ¢, in),
Note the fact that also c¢yc} return to the system in odd steps, providing that s was not
detected in the previous step in the environment. It is also important to note that in each
step one copy of a; is introduced in the system, in odd steps together with ¢’ and in even
steps together with ¢¥.

Assume now that s appears. If this happens in an odd step, then ¢/ brings it in
the system. In the next step ¢’ exits together with ¢, (which is waiting in the system:
because s has appeared, there is no way to use the rule (c}, out; scy',in)), and f is brought
in. Simultaneously, cj leaves the system and ¢y’ comes in together with one further copy
of a;, but ¢ will remain in the system, because ¢, was eliminated. The two checkers
have completed their job, we know that s has appeared, f indicates this — but we have
two more copies of a; than necessary (one introduced in the last step and one together
with s, in step n, in total n + 1 copies, while we have to analyse the number n — 1). The
following rules

(fa'la OUta f,a /Ln)a
(f'ay,out; ly,in),

9



both eliminate the two superfluous copies of a; and introduce the initial label of the
register machine.

Add now to the system all rules from the construction in the proof of Theorem 1. The
obtained system will halt if and only if the register machine M halts when starting with
n — 1 in its first register, and this completes the proof. [ |

Also a counterpart of Theorem 2 is true, not using only one membrane, but two —
and without being able to recognize the number 0. We believe that one membrane only
is not sufficient in this case, because we cannot start several checkers (at least two) in
consecutive steps when using only symport rules: we cannot keep one checker in the
environment, like in the previous proof, because, on the one hand, the respective symbols
should be present in the environment in arbitrarily many copies, and, on the other hand,
by symport rules we will bring inside objects again and again, hence the computation will
never stop. Moreover, we cannot send outside a “carrier”, to come back with the necessary
objects, because this requests two steps, hence the second checker will be available only
from the third step on, with no possibility to check the appearance of the signal in the
second step.

Of course, if we ignore the case of having s in step 2 (hence never computing the num-
ber 1), or if we change the definition of the systems we work with (for instance, allowing
in the environment objects with a finite specified multiplicity), then we can overpass this
difficulty and one membrane will suffice. Here we remain in the framework of the above
definitions (where we conjecture that deterministic P systems with one membrane are
strictly less powerful as the non-deterministic ones — in the analysing case, with the input
introduced by a signal), and we give the following result only, where NRE' denotes the
family of Turing computable non-null numbers.

Theorem 4 NRE' = DN,SP,(syms, antig).

Proof. We proceed again as in the proof of Theorem 3, by indicating how we can check
whether the signal has appeared or not in the environment, and, in the affirmative case,
stopping the checkers and turning the system to the simulation of a register machine. This
time we have to use checkers as suggested by the proof of Theorem 2, hence with more than
two steps needed for completing a subtraction instruction, hence a checking. Therefore,
we need more than two checkers, starting each one in consecutive steps. Actually, four
checkers are sufficient, each one based on objects ¢y, ¢9, c3, ¢4, respectively, with several
primed variants for each of them (from ¢, to ¢ in each case).

The system we construct will have two membranes (hence a membrane structure of
the form [,[, |,],), with the following multisets present in the two regions

wy = dichchehdicheeididly
Wo = d2d3d4dg€,
and with the following rules associated with the two membranes (to the set of rules
associated with the skin membrane we also have to add the rules used for simulating the

10



register machine, that is why we denote the set below by R!; the set R, is complete as
given here):

Ry = {(ge, out),

(glo, in)}
U {dicc!, out),

171

(C’Sfi: Zn)

C” CIII aq )

(ci
(c'c out)
(¢ 'd,,m)|z—1 2,3,4},
Ry, = {(dy,out),
3,m)
dsdy, out),
dy, out),

15 in),
dydy, out)}
U {(scfai,in) |i=1,2,3,4}

(
(
(
CA
(

U {(ficjar,in) |i=1,2,3,4,j = (i + 1)mod 4 or j = (i + 3)mod 4}
U A{(f;out),

(se, out)}.

Let us first see how the four checkers, each one realized by an object ¢;,z = 1,2, 3,4,
and its primed variants, become active in the first four steps of a computation. Because
d,c\c} are present in the skin region, in the first step they exit the system, hence in
the next step the signal s can be detected. At the same time, dy gets out of the inner
membrane, hence in step 2 also dychcly can exit, thus being able to detect the presence of
s in step 3. In step 1, also dj moves from the skin region to the inner region, in the step
2 it comes out together with ds, hence in step 3 the third checker is activated (that is,
dscycy exit the system). A similar process is carried out for the fourth checker, starting
with d, in membrane 2; in step 3 the object dy is released in the skin region, hence in step
4 this last checker is activated.

Let us now see how the presence of s is detected. Assume that in some step, some
d;cic! were sent out, and assume that s is not present in the next step. Then ¢ comes
back together with c”a;, then ¢ exits together with the “carrier” ¢, which brings in
the objects c,d; which were waiting in the environment. Because ¢] was already in the
system (it is important to note that it has waited two steps inside), the rule (d;cic}, out)
can be used again, and the process is iterated.

Assume now that at some step n + 1 we have the object s in the environment (only
one copy appears). In this case, the rule (c}sf;,in) can be used, for the ¢ sent to the

environment in the previous step. At the same time, ¢ comes in, together with ¢’ (and

11



one further copy of a,), ¢’

" exits together with ¢ and ¢! is carried into the inner membrane
by s (together with a copy of a;); after that, ¢’ cannot come back, because ¢} is no longer
present in the environment, hence d; remains in the environment, and this checker will no
longer work.

Because s was already produced, no further copy of it will ever appear. In the next step
ci,, enters the system, and, because no other rule can use it, the rule (ficj,,a:,in) € R,
will “hide” it in the inner membrane; at the same time s exits membrane 2 together with
the unique copy of object e. In the next step, a third object ¢j is brought into the inner
membrane by means of s — which also remains in the inner membrane, because we had
here only one copy of e. Simultaneously, the object f; again exits membrane 2, and in the
next step will bring here the fourth object c;-’ , thus interrupting the work of all checkers.

With each of the four objects of the form ¢} brought into the inner membrane, also
a copy of a; was introduced there, thus leaving in the skin region the right number of
copies, as necessary for starting the simulation of a register machine asked to recognize
the number n. The starting label [y of the register machine is introduced as follows: in
the first step after introducing s into the system, s enters membrane 2; in the next step,
it exits together with e; in the third step, e exits the system together with g; in the fourth
step, g returns together with ly. Therefore, [y is present only after removing the four
exceeding copies of a.

From now on, we proceed as in the proof of Theorem 2 and simulate the work of the
register machine, using only the skin region. [ |

In the same way as the problem whether the universality can be obtained for systems
using symport rules of weight two (and possibly further membranes) has remained open
for the case of the initial input, this problem remains open for the case of using signals
for introducing the input, too.

5 Using Two Signals

The previous model is somewhat “unrealistic”, because it is supposed that both the system
and the “user” start counting at the same time. However, it is natural to suppose that the
system is independent of the “user”; it just evolves continuously, checking the appearance
of a signal and doing nothing else before detecting the signal. Thus, an attractive variant
would be to have two signals, one appearing in the moment when the “user” announces
the intention to compute something (to recognize a number) and the second one appearing
in the moment when the input is defined: the number to be analysed is the difference
between the time units when the two signals appear (minus one, to be able to deal with
number zero). It is supposed that the two signals do not appear in the same moment.

Figure 1(c) illustrates this way of introducing the input.

Two cases can be distinguished: using two different signals, s; and s,, or using a
unique signal, s, appearing twice.

The first case is much easier than the second one: we just repeat the constructions from
the proofs of Theorems 3 and 4, with a double number of checkers, a “team” of checkers
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looking for s; and the second “team” looking for sy; of course, the checkers should work
with distinct objects, not to interfere before finishing their work; the first “team” of
checkers is counting by adding objects as, the second one by introducing into the system
copies of a;. Assume that we have detected both signals, and we have in the system n
copies of ay and m copies of ay, for some m,n > 1. Instead of introducing the label [y, for
starting the work of a register machine, we introduce the label gq, corresponding to the
following register machine subprogram:

9o : (SUB(2), g1, 93),
g1 : (SUB(1), g2, 90),
9> : (ADD(1), g2),

93 : (SUB(1), g2, o)

This subprogram subtracts n from m, leaving the result in the first register; in the case
when n > m the computation never stops, but in the opposite case one subtracts one
further unit and then one introduces the label [y, for starting the work of the register
machine which analyses the number m — n — 1.

The above subprogram can be simulated by a P system of the same complexity as in
the proofs of Theorems 3 and 4, hence we can state the following result (S indicates that
we use two different signals, in the way specified above.

Theorem 5 NRE = DN,SP;(symg, antis) = DN,SsPs(syms, antig).

The case of a unique signal appearing twice, in two different time units, can be handled
in the same way, but we have to increase the weight of the used rules. For instance, we
have the following result (this time, we use S to indicate that the same signal is produced
twice).

Theorem 6 NRE = DN,S;P;(symg, antis) = DN,S,Ps(symg, antig).

The idea of the proof is to have again two “teams” of checkers, the first one looking
for the first occurrence of s and the second one looking for the second occurrence of s.
The first “team” does not introduce objects a1, but just triggers the start of the work of
the second “team”, which works exactly as in the proofs of Theorems 3 and 4.

Consider first the case of antiport rules. Assume that the first group of checkers uses
the objects ¢, ¢y, with primes, and the second one uses the objects ey, e5, with primes.
Instead of the rules (¢}, out; scf’,in), (¢, out; scy,in), used when s is detected, we consider
the rules

n_r o _n )
bl

/ . n_r _n
(c1, out; sci'eelg )

(c5, 0ut; 8¢5 €le5g

which make available the objects e}, e5 which start the work of the first checker from the
second “team” of triggers. The object g is used in the same way as d in the proof of
Theorem 3, for bringing from the environment ehel, the objects necessary to start the
work of the second checker of the second “team” of checkers, in the next step. From now
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on, we continue as in the proof of Theorem 3, hence the first equality in the theorem
holds.

The second equality can be obtained in the same way, starting from the construction
in the proof of Theorem 4.

We do not see how we can decrease the weight of the antiport rules back to two and
still be able to check whether the second signal appears immediately after the first signal;
if in between the two signals we have at least two steps, then we can use again antiport
rules of weight two. Thus, either we have to ignore the numbers 0, 1, 2, or we have to
change the definition in the sense that if the two signals appear at times n and m, with
m — n > 2, then the number to analyse is m — n — 2. We leave to the reader the task
to check the details — as well as the question of decreasing back to three (if possible) the
weight of symport rules.

6 Final Remarks

We have addressed the important topic from automata theory, whether deterministic ac-
cepting P systems with symport/antiport rules are equally powerful as non-deterministic
systems. Two cases are considered: with the number to be analysed being introduced
in the initial configuration as the multiplicity of a specified object, or with this number
introduced by a signal, appearing in the environment at a time which specifies the num-
ber. Universality results are obtained in all cases, by systems with a small number of
membranes (one in all but one case), and in most cases with either only symport rules of
weight 3 or only antiport rules of weight 2.

Besides their mathematical interest, such results are also important for possible
implementations of these types of P systems, because of the difficulty of implement-
ing/simulating non-deterministic computing devices on the usual computer. Furthermore,
deterministic accepting P systems can be useful in a framework as that from [1], where
by accelerating such systems in ways already known for Turing machines or in new ways
suggested by biological observations one can get computing devices able to compute more
than Turing machines (e.g., solving the halting problem).

The question of considering other classes of P systems from the point of view of the
deterministic versus non-deterministic variants remains to be investigated; a case of a
special interest is that of catalytic systems, known to be universal (see [6]), but with
proofs which involve a high degree of non-determinism.
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