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Abstract. A recently introduced variant of P-systems considers mem-
branes which can multiply by division. These systems use two types of
division: division for elementary membranes (i.e. membranes not con-
taining other membranes inside) and division for non-elementary mem-
branes. In two recent papers it is shown how to solve the Satisfiability
problem and the Hamiltonian Path problem (two well known NP com-
plete problems) in linear time with respect to the input length, using
both types of division. We show in this paper that P-systems with only
division for elementary membranes suffice to solve these two problems in
linear time. Is it possible to solve NP complete problems in polynomial
time using P-systems without membrane division? We show, moreover,
that (if P # NP) deterministic P-systems without membrane division
are not able to solve NP complete problems in polynomial time.

1 Introduction

The P-systems were introduced in [5] as a class of distributed parallel computing
devices of a biochemical type. In the basic model we have a membrane structure
composed by several cell-membranes, hierarchically embedded in a main mem-
brane called the skin membrane. The membranes delimit regions and can contain
objects. The objects evolve according to given evolution rules associated with
the regions. A rule can modify the objects and send them outside the membrane
or to an inner membrane. Moreover, the membranes can be dissolved. When
a membrane is dissolved, all the objects in this membrane remain free in the
membrane placed immediately outside, while the evolution rules of the dissolved
membrane are lost. The skin membrane is never dissolved. The evolution rules
are applied in a maximally parallel manner: at each step, all the objects which
can evolve should evolve.

A computation device is obtained: we start from an initial configuration and
we let the system evolve. A computation halts when no further rule can be
applied. The output consist in the string obtained by concatenating the objects
which leave the system through the skin membrane, taken in the order they are
sent out.
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Many variants are considered in [1], [4], [5], [6], [7], [8] and [10]. In these
papers, the membranes are used as separators and as channels of communica-
tion, but they participate to the process in a passive way. The whole process is
regulated by the evolution rules.

In [3] one consider membrane systems where the membranes play an active
role in the computation: the evolution rules are associated both with objects
and the membrane; the communication of the objects through the membranes
is performed with the direct participation of the membranes; and finally, the
membranes can not only be dissolved, but they can multiply by division. There
are two different types of division rules: division rules for elementary membranes
(i.e. membranes not containing other membranes) and division rules for non-
elementary membranes. In [3] and [2] it is shown how to solve the Satisfiability
problem and the Hamiltonian Path problem respectively (two well known NP
complete problems) in linear time with respect to the input length, using P-
systems with active membranes. We show here how to solve these two problems
in linear time, using P-systems with active membranes which only make use of
division for elementary membranes.

Another interesting question relates to the needed of active membranes: what
about the possibility of solving NP complete problems in polynomial time using
P-systems without membrane division? In [3] and [9] one points out that P-
systems without active membranes already possess a great amount of parallelism
(all the rules are applied at the same time on all objects which can evolve) but it
seems not to be sufficient to solve complex problems in polynomial time. In fact,
we show here that this is the case: if P # NP, a deterministic P-system without
membrane division is not able to solve a NP complete problem in polynomial
time; every deterministic P-system without active membranes working in time ¢,
can be simulated by a deterministic Turing Machine working in time polynomial
in ¢.

2 P-systems with Active Membranes

In the following, we refer to [11] for elements of Formal Language Theory. A
membrane structure is a construct consisting of several membranes placed in a
unique membrane; this unique membrane is called a skin membrane. We identify
a membrane structure with a string of correctly matching parentheses, placed
in a unique pair of matching parentheses; each pair of matching parentheses
corresponds to a membrane. The membranes can be marked with +, — or 0, and
this is interpreted as an electrical charge (0 is the neutral charge). A membrane
identifies a region, delimited by it and the membrane immediately inside it. If
we place multisets of objects in the region from a specified finite set V', we get
a super-cell. A super-cell system (or P-system) is a super-cell provided with
evolution rules for its objects.
A P-system with active membranes is a construct

I = (V7T7H7,U’7w17"'7w7n7R)7



where:

m > 1;
V is an alphabet (the total alphabet of the system);
T CV is the terminal alphabet;
H is a finite set of labels for membranes;
4 is a membrane structure, consisting of m membranes, labeled (not neces-
sarily in a one-to-one manner) with elements of H; all membranes in u are
supposed to be neutral;
wy, ..., W, are strings over V', describing the multisets of objects placed in
the m regions of y;
R is a finite set of developmental rules, of the following forms:
(a) [na = v]§, for h € H, a €V, veV*ae {+,—,0} (object evolution
rules),
(b) aln]p* — [nb]y>, where a,b € V, h € H, a;,a2 € {+,—,0} (an ob-
ject from the region immediately outside the membrane h is introduced in
membrane h),
(c) [naly' = [n];?b, for h € H, ai,a2 € {+,—,0}, a,b € V (an object is
sent out from membrane h to the region immediately outside),
(d) [na]y — b, for h € H, o € {+,—,0}, a,b € V (membrane h is dissolved),
(e) [naly* = [nb]}2[ne]p?, for h € H,ay,az,a3 € {+,—,0},a,b,c € V (divi-
sion rules for elementary membranes)
(f) Tnolnaln; - ralig [nnsa Inp oy - [ra ] Ty —

= [nolnilny - [nelhilhg [rolansa hyy -+ [nalpt I for k> 1,n > 1,hi € H,0 <
i < n, and ag,...,as € {+,—,0} with {a1,a2} = {+,—} (division rules for
non-elementary membranes)

These rules are applied accordingly to the principles in [3].

1.

All the rules are applied in parallel: in a step, the rules of type (a) (i.e.
the rules that do not modify the membranes) are applied to all objects to
which they can be applied; all other rules are applied to all membranes to
which they can be applied; an object can be used by only one rule, non-
deterministically chosen (there is no priority relation among rules), but any
object which can evolve by a rule of any form, must evolve.

. If a membrane is dissolved, then all the objects in its region are left free

in the region immediately above it. Because all rules are associated with
membranes, the rules of a dissolved membrane are no longer available at the
next steps. The skin membrane is never dissolved.

All objects and membranes not specified in a rule and which do not evolve
are passed unchanged to the next step.

If at the same time a membrane h is divided by a rule of type (e) and there
are objects in this membrane which evolve by means of rules of type (a), then
in the new copies of the membrane we introduce the result of the evolution;
that is, we may suppose that first the evolution rules of type (a) are used,
changing the objects, and then the division is produced, so that in the two



new membranes with label h we introduce copies of the changed objects. Of
course, this process takes only one step. The same assertions apply to the
division by means of a rule of type (f): always we assume that the rules are
applied “from bottom-up", in one step, but first the rules of the innermost
region and then level by level until the region of the skin membrane.

5. The rules associated with a membrane h are used for all copies of this mem-
brane, irrespective whether or not the membrane is an initial one or it is
obtained by division. At one step, a membrane h can be the subject of only
one rule of types (b) — (f).

6. The skin membrane can never divide. As with any other membrane, the skin
membrane can be “electrically charged".

The membrane structure at a given time, together with all multisets of objects
associated with the regions defined by the membrane structure, is the configura-
tion of the system at that time. The initial configuration is (u,wy, ..., w,). We
can pass from a configuration to another one by using the rules in R, according
to the principles previously described (we call this a transition). A computation
is a sequence of transitions between configurations. A computation halts when
there is no rule which can be applied to objects and membranes in the current
configuration.

During the computation, objects can leave the skin membrane (with a rule
of type (¢)). The terminal symbols which leave the skin membrane are collected
in the order of their expelling from the system, so a string is associated to a
complete computation. The symbols not in T which leave the skin membrane and
all symbols in 7" which remain in the system at the end of a halting computation
are not considered in the generated strings. If a computation never stops, then
it provides no output.

Moreover, we will need the extension introduced in [2], about the rules of
types (e) and (f): a membrane can be divided into finitely many membranes.
This type of division is called bounded membrane division.

In the following, we do not make use of division for non-elementary mem-
branes, so we give the following definition:

A P-system with elementary active membranes is a P-system with active
membranes where the rules are of type (a) to (e) only (i.e. a P-system with
active membranes not using rules of type (f)).

Finally, we say that a P-system (with or without active membranes) is deter-
ministic if, in each moment, there is at most one possible transition. This means
that there are no two different rules applicable at the same time in the same
region on the same symbol.

More details and examples can be found in [5], [3] and [2].

3 Solving NP Complete Problems Using P-system with
Elementary Active Membranes

In this section we show how to solve the NP complete problems proposed in [3]
and [2] (Satisfiability and Hamiltonian Path) using P-systems with elementary



active membranes: although the systems in [3] and [2] do make use of division for
non-elementary membranes, the time we need to execute the computation is of
the same orders as theirs. In fact, the systems presented here solve Satisfiability
and Hamiltonian Path in a time which is linear with respect to the dimension
of the input; this time is comparable with the time needed by the systems in
[3] and [2]. Moreover, the structure (i.e. the number of symbols, the number of
rules and the number of membranes) of the systems we propose is similar to the
structure of the systems proposed in [3] and [2].

Theorem 1. The SAT problem can be solved in linear time (with respect to the
number of variables and the number of clauses) by a P-system with elementary
active membranes.

Proof. Consider a boolean expression in conjunctive normal form
a=CiANCyA...ANCp,

with
C; = Yi1 VYi2 Voo VYip,

for somem > 1, p; > 1,and y;; € {ag, 2x|l <k <n},foreachl1 <i<m, 1<
J < pi
We build the P-system
m= (V7T7H7H7w07w17R)

where

V={az,t,,f1|1SZS’FL}U{’FAOS’LSWL}U{WIHS’LSm—Fl}U{t}U
U{Zi|0<i<n}

- T={t}
~H={0,1}
— w="[o[}10
— Wo = A

- Wy = alag...anZo

while the set R contains the following rules:

L. [a;]} = [tR[fi]F, 1<i<n

We substitute one variable a; in membrane 1 with two variables ¢; and f;. The
membrane is divided in two membranes (the charge remains neutral for both
membranes). In n steps we get all 2" truth assignments for the n variables; each
truth assignment is in a membrane labelled with 1.

2. [Zk = Zps1]?,0<k<n—2

3. [Zn 1= Z,W1)9

4. 12,9 [ A

We count n steps, the time needed to produce all the truth assignments. The
step n — 1 introduces the symbol W; used in the next steps, while the step n
changes the charge of the membranes labelled with 1.



5. [ti = Th, ,-Th, ;i 1 <i < and the clauses Ay, ..., hij; contain z;.

6. [fi = Thiy-Thiy i, 1 <i < n and the clauses hjy, ..., hiy, contain —z;.

In one step, each symbol ¢; is replaced with some symbols r, indicating the
clauses satisfied if we set x; = true; each symbol f; is replaced with some sym-
bols, indicating the clauses satisfied if we set z; = false (i.e. ~x; = true).

After this step, we start the “VERIFY STEPS”: we have to verify if there is
a membrane, labelled with 1, in which we get all symbols r1,7s, ..., 7, (at least
one symbol ry, for every k between 1 and m). In fact, this means that there is
a truth assignment satisfying all the clauses. To do this, we apply (in a single
step) the rules of type 7 in all membranes containing the symbol r; then, we
apply (in a single step) the rules of types 8, 9 and 10, on all symbols which can
evolve. We repeat this 2-steps process for each symbol r1,7s,..., 7y, thus the
whole process takes 2m steps.

7. [l = i

We first verify the presence of the symbol 71 in membranes labelled with 1. Every
membrane containing r; (i.e. every membrane with a truth assignment satisfying
the first clause) sends this symbol outside (in membrane 0) and changes its charge
from + to —. The membranes not containing this symbol cannot further proceed
their computation.

8. ri[lf = [roli

9. [rr 9 1k-1]1,2<k<m

10. [W; > W], 1<i<m

The computation can only proceed in membranes with negative charge. In one
step, each symbol W; is replaced with a symbol W1 (the counter of the satisfied
clauses is increased), each symbol ry, is replaced with r;_; and the symbols r; in
membrane O are sent back (as rg) to the negative charged membranes labelled
with 1, to change their charge from — to +.

After applying rules 8, 9, and 10 (in a single step on all symbols and mem-
branes which can evolve) we are ready to re-apply the rules of type 7. At this
time, the symbols 71 in membranes 1 are the symbols that was ry when the
verify steps started (the index of each symbol 7, has been decreased). Thus the
computation only proceed in membranes which contained both symbols r; and
ro when the verify steps started. After the application of the rules of type 7 we
can apply again the rules of type 8, 9 and 10 to prepare the membranes to verify
the next clause.

In 2m steps we verify the existence of a membrane containing all symbols ;.
It is easy to see that if a membrane does not contain a symbol r;, the computation
in that membrane halts in less than 2m steps. As a consequence, that membrane
will not contain the symbol Wy, 1. The membranes containing this symbol after
2m steps are the membranes which contained all symbols r; when the verify
steps started, i.e. the membranes satisfying all the clauses.

11, [Wonalf = [t

If a membrane labelled with 1 executes all 2m verify steps, it contains the symbol
Win+1. Thus we send out to membrane 0 the symbol ¢, indicating that there is
a truth assignment satisfying all clauses.



12. [t]) = [ldt

A symbol t is sent outside membrane 0 and the charge of this membrane is
changed from 0 to +. No further computation is possible. Thus, we have to look
at the output of membrane 0 after n + 2m + 3 steps. If we get the symbol ¢, it
means that there is a truth assignment satisfying «; otherwise the formula is not
satisfiable. O

As we have said at the beginning of this section, the time of computation
of the system proposed in the previous proof is comparable with the time of
computation of the system proposed by Paun in [3], and the same is true for the
structure of the systems. In the next table we explicitly show this, by comparing
the system presented here with the system proposed in [3]. We compare the
systems under a computational complexity point of view as well as under a
structural complexity point of view. With n and m we denote respectively the
number of variables and the number of clauses of a generic instance of the SAT
problem.

| | Paun | This |
Number of Steps of Computation| 2n+2m+1 |n+2m+3
Number of Symbols 5n+m+2 |dn+2m+4
Max Number of Membranes |(m+1) x2"+1] 2" +1
Depth m+1 1
Number of Rules 3n+2m +2nm [4n +2m + 4

As one can see, for n > 3 the system we propose in this paper is slightly faster
than the system in [3]. Another interesting aspect of the system we propose
relates to the depth of the membrane structure: the depth of the system we
propose is always one. This indicate a very simple membrane structure, composed
by elementary membranes surrounded by the skin membrane.

Theorem 2. The Undirected Hamiltonian Path Problem can be solved in linear
time (with respect to the number of nodes in the given graph) by a P-system with
elementary active membranes and bounded membrane division.

Proof. Consider an undirected graph G = (U, E) with n nodes, n > 2.
We build the P-system

1= (V7T7 HJ ,U/,UJO,CUhR)
where

- V:{ai,Pi|1Sign}U{Zi|0§z'§2n—1}U{W,~|0§z’§m+1}U
U{Ti>$i|1SiS"+1}U{taR}

T ={t}

~H={0,1}

p = [o[1]310

- UJ(]=/\



- W = RZ()

while the set R contains the following rules:

1. [ - [a]0...[an]¢

We create n membranes labelled with 1, each containing a symbol a; correspond-
ing to a node in G.

2. [Zk — Zk+1](1), 0<k<2n-3

3. [Zon—2 = Zopn_1C1]}

4. [Zpa]) = [T

We count 2n steps, the time needed to produce all paths of length n.

5. [ai — TiPi](l), 1<i<n

6. [P]9 — [aj,]%...[a;.]9, 1 <i <n, 1< j, <nand (i,51), ..., (i,Jk) are edges
of G.

In 2n steps, we create all paths of length n we can obtain starting from every
node in G. At each step, we divide the membranes by replacing the symbol P;
with the symbols corresponding to the nodes directly connected to the node .
Note that the rule of type 4 changes the charge of the membranes labelled with
1 from 0 to +, thus after 2n steps, no rule of the previous types can be applied.
7 ]l = 0im

8. [T = [rolf

9. [Ti — 7“,'_1]1_, 1<i<m

10. [Cz — Ci+1]f7 1<i<m

11. [Cnga]{ = [t

12. 13 - [ig¢

Once the charge of membranes labelled with 1 has become +, what we need to
do is to verify the existence of a membrane containing the symbols r1, 72, ..., 7.
Such a membrane exists if and only if the graph G has a Hamiltonian path. To
verify this, we can proceed as in the previous proof, using the rules of types 7 to
12. After 4n+ 2 steps, we look at the output of membrane 0. If we get the symbol
t then there is a Hamiltonian Path in G, otherwise no such path exists. O

As for the SAT problem, in the next table we compare the system presented
here with the system presented in [2] to solve the Undirected Hamiltonian Path
Problem. Given a graph G as the input for the Undirected Hamiltonian Path
Problem, we denote with n the number of nodes of the graph.

| | Krishna, Rama | This |
Number of Steps of Computation 3n+1 4n 42
Number of Symbols in +1 6n +4
Max Number of Membranes |(n+2) xnx (n—1)""12xn x (n —1)"
Depth n+1 1
Number of Rules 14n + 8 6n+5

The system we propose to solve the Hamiltonian Path Problem is slightly
slower with respect to the system proposed in [2], but the time remains linear



with respect to the input length. The depth of the system we propose is still
one.

4 P-systems without Active Membranes

One interesting question, pointed out in [3] and [9], concerns the power of the
operation of membrane division. Are we able to solve NP complete problems in
polynomial time using P-systems without active membranes? In fact, the model
without active membranes has a great amount of parallelism, but we do not
know if it suffices to solve complex problems in an efficient way.

The systems presented in the previous section are deterministic (like the sys-
tems in [3] and [2]): at each step of computation there is at most one possible
transition from a configuration to another one. We show now that, under the
assumption of using deterministic P-systems, if P # NP the amount of paral-
lelism without membrane division is not enough to solve NP complete problems
in polynomial time. Membrane division is necessary to get significant speed up
of computation.

Theorem 3. Consider a deterministic P-system, without membrane division
and working in time t. We denote with A, B and C respectively the number of
membranes, the number of symbols in V and the length of the rules (the number of
symbol involved in the rule, on both left and right side) of the P-system. Moreover,
we set D = maz{C, B + 2}. Such a system can be simulated by a Deterministic
Turing Machine (DTM) in time t = O(A x B x D x t x log(A x B x C%)).

Proof. Consider a P-system
P = (Va Ta H: M, Wo, .- Wk, R)

without membrane division working in time .

We build a DTM M = (V', K, Sy, ) with multiple tapes, which simulates P
within a number of steps O(A x B x D x t x log(A x B x C?)).

To simulate P with M, we have just to keep track of the quantity of each
symbol z € V in each membrane. In fact, consider the application of a rule
[a — bc]¢: all the symbols a in membrane 7 are substituted with two symbols, b
and c¢. We can simulate this rule by adding to the quantities of symbols b and ¢,
in membrane 7, the quantity of symbols a and then by setting the last quantity to
zero. In other words, the application of a rule in P corresponds to a modification
of the quantities of the symbols involved in the rule of the specific membrane
(and eventually, as we will see, in modifying the quantities of all symbols in a
membrane, if a membrane placed immediately inside this one is dissolved by the
rule). The modification of the quantities is done by adding the quantity of the
symbol on the left side of the rule to each quantity of the symbols on the right
side of the rule.

For the previous reasons, the DTM M has 2 x (A x B) + 3 tapes:



— A x B "main" tapes, to keep track of the quantities of each symbol in each
membrane (A membranes and B symbols) after every step.

— A x B "support" tapes, used to make partial sums.

— 1 "polarity" tape, used to keep track of the polarity of each membrane.

— 1 "structure" tape, used to keep track of the structure of membranes.

1 tape as output.

Every computation step of P can be simulated with 2 macro steps of M:

1. We simulate the application of a rule on each symbol in each membrane
by modifying the quantity written on the tapes containing the partial sums.
For example, consider a rule [a — bc]?, and let the strings written on the tapes
corresponding to the symbols a, b and ¢ in membrane 1 contain the quantity 100,
200 and 250. To simulate this rule, we have to put the value 0 in the first string,
300 in the second one and 350 in the third one. We do not write this quantity on
the main tapes, because to simulate the application of another rule [b — de]{ we
have to know that the quantity of symbols b when the computation step started
was 200. For this reason we need support tapes. The rule to be applied (only one
rule per symbol can be applied, because we consider deterministic P-system) is
chosen accordingly to the polarity of the membrane; the polarity can be found
in the "polarity" tape.

2. When the application of the rules has been executed on all objects, we
copy the quantity of each symbol from the support tapes to the main tapes.

We have to repeat these two steps t times. To simulate a single step of
computation of P, we have to simulate the application of at most A x B different
rules in R (one rule for each object in each membrane). The number of sums to
be executed for each rule in each membrane depends on the type of rule applied.
Consider the four types of rules in R:

a)la — z]? where a € V and z € V*,|z| < C' — 1. To simulate such a rule,
we have to execute at most C sums.

b)a[]§ — [b]f, where a,b € V. To simulate such a rule, we have to sum 1 to
the quantity of the symbol b in membrane ¢ and to sum —1 to the quantity of the
symbol a in the membrane placed immediately outside membrane i (remember
that, accordingly to the rules in [3], at each computation step only one symbol
can enter a rule of type (b), (¢) or (d) in each membrane). If needed, we change
the charge of the membrane in the “polarity” tape.

o)[al¢ — []f b, where a,b € V. To simulate such a rule on a symbol, we have
to sum 1 to the quantity of the symbol b in the membrane placed immediately
outside membrane ¢ and to sum —1 to the quantity of the symbol a in membrane
i. If needed, we change the charge of the membrane in the “polarity” tape. If ¢
is the skin membrane, we have to write the symbol b on the output tape.

d)[[a]f‘]f — [b]}, where a,b € V. To simulate such a rule, we have to sum
1 to the quantity of the symbol b in the membrane placed immediately outside
membrane i, and to sum —1 to the quantity of the symbol a in membrane i. Then
we have to sum the quantity of each symbol in membrane ¢ to the quantity of
the same symbol in membrane k. Thus, we have to execute B + 2 sums. After



these sums, we modify the structure of the membrane in the “structure” tape
and we change the charge of the membrane k.

It is easy to see that the most expensive rules (in terms of time needed
to simulate them) are those of type (a) and (d). For this reason we set D =
maz{C, B + 2}. To simulate a single step of computation of P we need at most
A x B x D sums.

The time required by each sum depends, of course, on the number of digits
of the numbers to sum. We can consider membrane system with a maximum
number of initial symbols equal to A x B (i.e. every membrane contains at most
one occurrence of each symbol in V). In fact, given a P-systems with an arbitrary
finite number of occurrence of each symbol in each membrane, it is easy to build
a P-systems with exactly one occurrence of each symbol in each membrane that
requires a finite number of steps to reach that same configuration. Thus, after
one step, the total quantity of symbols present in the system will be less than
A x B x C. After the second step, this quantity will be less than A x B x C2.
After t steps, we get no more than A x B x C? symbols. This means that each
sum will be made with number involving less than log(A x B x C?) digits.

The time required by a DTM to make a sum is linear in the number of digits
of the number involved; every sum requires a time which is O(log(A x B x C%)).
To execute the sums for each symbols in each membrane, the time needed is
O(A x B x D x log(A x B x C?)). After the execution of all the sums, we have
to copy the obtained results from the support tapes to the main tapes; the time
needed is O(A x B x log(A x B x C)). The total time requested by M to simulate
a single step of P is O(A x B x D x log(A x B x C?)).

Of course, we have to simulate ¢ steps of P, thus the total time needed is
O(t x Ax B x D xlog(A x B x C?)). ]

If, given a problem, we could build for each instance of size n a P-systems
without membrane division such that it gives the solution in time polynomial in
n, then we could build a DTM that gives the same output in polynomial time
too. From this follows:

Corollary 1. If P # NP then no NP complete problem can be solved in polyno-
mial time, with respect to the input length, by a deterministic P-system without
membrane division.

As one can see, the time needed to simulate a deterministic P-system depends
on the number of membranes of the P-system itself (as well as on the number
of symbols in V and on the length of the rules). If we use P-systems without
membrane division, the number of membrane remains the same (or is decreased,
if we dissolve some membranes) during the whole computation process. This is
not true, of course, for P-systems with membrane division. With this variant of
P-systems, the number of membranes can grow exponentially: if we repeatedly
divide A membranes, we can obtain, after ¢ steps, a number of membranes equal
to A x 2t. The simulation of such a system with a DTM (in the same way
we have discussed above) would require an exponential number of strings, or an
exponential amount of time equal to O(t x A x 2t x Bx D x log(A x 2t x B x CY)).



5 Conclusions

In [3] one points out that a question of a practical importance is to try to imple-
ment a P-system either in biochemical media or in electronic media. Moreover, it
is underlined that it could be necessary to consider variants of P-systems which
are more realistic. This paper goes in this direction, by showing how to solve two
NP complete problems (Satisfiability and Hamiltonian Path) without using divi-
sion for non-elementary membranes (which seems, of course, more complicated
with respect to the division for elementary membranes). Moreover, in the same
paper and in [9] the question arises if P-systems without membrane division can
solve NP complete problems in polynomial time. We have shown that this is not
the case: deterministic P-systems without active membranes cannot solve NP
complete problems in polynomial time (unless P = NP). Every deterministic
P-system working in polynomial time, with respect to the input length, can be
simulated by a Deterministic Turing Machine working in polynomial time. This
proves that P-systems which make use of the operation of membrane division
effectively obtain a significant speed-up of computation.

We point out some problems worth further investigations. One problem, al-
ready pointed out in [9], is that of simulating P-systems with d-bounded division
presented in [2] with P-systems with active membranes presented in [3] (where
the division of a membrane always leads to two new membranes). Of course, we
know that every NP problem can be reduced to SAT in polynomial time, so we
know we can solve every NP problem with a 2-division P-system that works in
polynomial time. Nevertheless, it would be interesting to find out if it is possible
to simulate every k-division systems with a 2-division system without using the
reduction between problems. In [9] one says that the main difficulty appears with
the division for non-elementary membranes, but in the view of the results of this
paper we need to simulate only division for elementary membranes. Moreover,
it can be interesting to follow the direction of finding other ways to increasing
the number of membranes; as we have seen, the basic model of P-system does
not have sufficient parallelism to solve complex problem in an efficient way, thus
we have to find other ways to get such power. Finally, we think another impor-
tant topic is that of determinism and nondeterminism. An investigation of the
power of Deterministic P-systems and Nondeterministic P-systems could be use-
ful from both a mathematical point of view and for a practical implementation
of a P-system. Many other open problems and research topics can be found in

[9].
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