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Summary. In the framework of Membrane Computing, several efficient solutions to com-
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P versus NP problem. Adding syntactic and/or semantic ingredients can mean passing
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the stage to adapt efficient solutions from a family of P systems to another one. In order
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with evolutional symport/antiport rules and cell separation with the restriction that both
the left-hand side and the right-hand side of the rules have at most two objects.
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1 Introduction

Membrane Computing is a bio-inspired computing paradigm based on the structure
and behavior of living cells. There are several classes of P systems, the compu-
tational models of this paradigm. It was first introduced in [7], defining one of
the main models, cell-like P systems that abstract the hierarchical arrangement
of membranes within a single cell. In [4], the idea of the interactions of networks
of cells (placed in the nodes of a directed graph) between cells and between cells
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and their environment is used to develop tissue-like P systems, named by the en-
semble of cells in living beings. Another approach with the same structure are the
so-called spiking neural P systems [2], SN P systems for short, inspired by the way
that neurons communicate with each other by means of short electrical impulses
(spikes).

Within these models, several variants can be defined only by changing syntactic
and/or semantic ingredients, such as kinds of rules possible, length of rules, paral-
lelism permitted, number of objects and so on. Computational complexity theory
in the framework of Membrane Computing uses special variants of P systems called
recognizer membrane systems, devices that, given an initial configuration depend-
ing on an instance of a decision problem, return yes or no depending of the answer
to such instance. A deep vision of complexity can be seen in (8, 9].

Tissue P systems have been widely investigated from this point of view, giv-
ing characterizations for most of their variants. For instance, in [1] and [11], the
borderline of efficiency for tissue P systems with symport/antiport rules and cell
division by means of the length of communication rules is given, that is, pass-
ing from 1 to 2 means passing from non-efficiency to presumably efficiency. In [5]
and [10], a similar result is given for tissue P systems with symport/antiport rules
and cell separation, but in this case, rules with length at most 3 are needed in
order to solve efficiently computationally hard problems. Thus, three frontiers of
efficiency can be found here: two described before by means of the length of the
rules, and the third one when using rules with length at most 2, between separation
and division rules.

In [12], a new variant of these systems is defined. Based on the chemical re-
actions within cells and how reactives evolve into new components, evolutional
communication rules are described as a movement of components between differ-
ent cells or a cell and the environment but within the reaction objects can change
into something new. It is interesting to study these systems from the computa-
tional complexity theory point of view, and in [6], an efficient solution to the SAT
problem is given by these systems with some restrictions about the length of their
rules, but the narrowest borderline is not defined. The purpose of this paper is to
tight it.

The paper is organized as follows: first, we recall some concepts that are going
to be used through the work. In Section 3 the framework of tissue P systems with
evolutional symport/antiport rules is introduced. After that, Sections 4 and 5 are
devoted to give a solution to SAT by means of a family of P systems with evolutional
symport/antiport rules with cell separation and rules with length at most (2,2)
and a formal verification of a design. Finally, some conclusions and open research
lines are exposed.

2 Preliminaries

In order to make this work self-contained, we introduce some notions that are
going to be used through the paper.
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2.1 Alphabets and sets

An alphabet I' is a non-empty set and their elements are called symbols. A string u
over I is an ordered finite sequence of symbols, that is, a mapping from a natural
number n € N onto I'. The number n is called the length of the string v and it is
denoted by | u |. The empty string (with length 0) is denoted by A. The set of all
strings over an alphabet I" is denoted by I'™*. A language over I is a subset of ™.

A multiset over an alphabet I" is an ordered pair (I, f) where f is a mapping
from I' onto the set of natural numbers N. The support of a multiset m = (I, f)
is defined as supp(m) = {& € I' | f(x) > 0}. A multiset is finite (resp., empty) if
its support is a finite (resp., empty) set. We denote by @ the empty multiset and
we denote by M (I) the set of all multisets over I

Let mqy = (I, f1), ma = (I, f2) be multisets over I', then the union of m; and
ma, denoted by mq +mea, is the multiset (I, g), when g(z) = f1(x)+ f2(z) for each
zel.

2.2 Decision problems

A decision problem X can be informally defined as one whose solution is either
yes or no. This can be formally defined by an ordered pair (Ix,0x), where Ix is
a language over a finite alphabet X'y and 0y is a total Boolean function over Iyx.
The elements of Ix are called instances of the problem X. Each decision problem
X has associated a language Lx over the alphabet Y'x as follows: Lx = {u €
Ex | 0x(u) = 1}. Conversely, every language L over an alphabet X has associated
a decision problem X = (Ix,,0x, ) as follows: Ix, = X* and 0x, (u) = 1 if and
only if w € L. Then, given a decision problem X we have X, = X, and given a
language L over an alphabet X' we have Lx, = L.

It is worth pointing out that any Turing machine M (with input alphabet X/)
has associated a decision problem Xy; = (Inr,00) defined as follows: Iy = X%,
and for every uw € X%, Oy (u) = 1 if and only if M accepts u. Obviously, the
decision problem X, is solvable by the Turing machine.

3 Tissue P systems with evolutional communication rules

Definition 1. A recognizer tissue P system with evolutional symport/antiport
rules and cell separation of degree ¢ > 1 is a tuple

I = (F7F07F1527M15'"aM(hR;iout)

where:

e [ and & are finite alphabets whose elements are called objects;
o [y and I is a partition of I';
ECT;
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o Mgy, ..., M, are multisets over I';
e R is a finite set of rules, of the following forms:
1. Evolutional communication rules:
(bl b = [ (el where 1 < i,j < g, i # j, u € MH(T) and
u' € My(I') (evolutional symport rules);
b) [uli[v]; — [V ]i[W];, where 1 < 4,5 < q, i # j, u,v € Mf(F) and
uw',v" € My(I') (evolutional antiport rules);
2. [a]; = [Lo)i[I1)i, where i € {1,...,q},i # iout and a € I'; (separation
rules);
L4 ioute{oalv"'7Q}'

A recognizer tissue P system with evolutional symport/antiport rules and cell
separation of degree g > 1

I = (FaFO;Flvglev"'7MqaR7iout)

can be viewed as a set of ¢ cells, labelled by 1,...,¢ such that (a) Mq,..., M,
represent the multisets of objects initially placed in the g cells of the system; (b) £
is the set of objects initially located in the environment of the system, all of them
available in an arbitrary number of copies; (¢) i, represents a distinguished region
which will encode the output of the system. We use the term region ¢ (0 <1i < q)
to refer to cell 7 in the case 1 < i < ¢ and to refer to the environment in the case
i =0.

A configuration at any instant of a tissue P system with evolutional sym-
port/antiport rules and cell separation is described by the multisets of objects
in each cell and the multiset of objects over I' \ £ in the environment at that
moment. The initial configuration of IT = (I, Iy, Ih,E, M1,..., Mg, R, iout) is
./\/ll, e ,Mq; @)

An evolutional symport rule [u];[ |; — [ Ji[«’]; is applicable at a configu-
ration C; at an instant ¢ if there is a region ¢ from C; which contains multiset u.
By applying an eovlutional symport rule, the multiset of objects in region ¢ from
C; is consumed and the multiset of objects v’ is generated in region j from Cy 1.

An evolutional symport rule [u];[v]; — [v'];[w']; is applicable at a configura-
tion C; at an instant ¢ if there is a region ¢ from C; which contains multiset u and
there is a region j which contains multiset v. By applying an eovlutional symport
rule, the multiset of objects u in region ¢ and multiset of objects v in region j from
C; are consumed and the multiset of objects u’ is generated in region j and the
multiset of objects v in region 4 from Cyy1.

A separation rule [a]; — [Io]i[I1]: is applicable at a configuration C; at an
instant ¢ if there is a cell ¢ from C; which contains object a and i # i,y By
applying a separation rule to such a cell i, (a) object a is consumed from such cell;
(b) two new cells with label i are generated at configuration C¢11; and (c) objects
from I from the original cell are placed in one of the new cells, while objects from
I} from the original cell are placed in the other one.

The rules of a tissue P system with evolutional symport/antiport rules and
cell separation are applied in a maximally parallel manner, following the previous
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remarks, and taking into account that when a cell ¢ is being separated at one
transition step, no other rules can be applied to that cell i at that step.

A transition from a configuration C; to another configuration C;1 is obtained
by applying rules in a maximally parallel manner following the previous remarks. A
computation of the system is a (finite or infinite) sequence of transitions starting
from the initial configuration, where any term of the sequence other than the
first one is obtained from the previous configuration in one transition step. If the
sequence is finite (called halting computation) then the last term of the sequence
is a halting configuration, that is, a configuration where no rule is applicable to
it. A computation gives a result only when a halting configuration is reached, and
that result is encoded by the multiset of objects present in the output region i,,;.

A natural framework to solve decision problems is to use recognizer P systems.

Definition 2. A recognizer tissue P system with evolutional symport/antiport
rules and cell separation of degree ¢ > 1 is a tuple

I = (FaFO;thanMla'"7Mq7R;iin;iout)7

where

— the tuple (I, 10, I[1,E,Mi,..., My, R,iout) is a tissue P system with evolu-
tional symport/antiport rules of degree ¢ > 1, where I' strictly contains an (in-
put) alphabet X and two distinguished objects yes and no, and M; (1 <i<gq)
are multisets over I' \ X;

— i € {1,...,1} is the input cell and ipy is the label of the environment;

—  for each multiset m over the input alphabet X, any computation of the system
IT with input m starts from the configuration of the form (My,...,M;, +
m,..., Mg 0), it always halts and either object yes or object no (but not both)
must appear in the environment at the last step.

For each ordered pair of natural numbers (ki, k2) greater or equal to 1, the
class of recognizer P systems with evolutional symport/antiport rules and cell
separation with evolutional communication rules of length at most (ki, k2) is de-
noted by TSEC(ky, k2). This means that, given an evolutional communication
rule [u];[v]; — [v'];[v']; the LHS (resp., RHS) of any evolutional communica-
tion rule in a system from TSEC(kq, k2) involves at most k1 = |u| + |v| objects
(resp., ko = |u/| + |v'| objects).

Next, we define the concept of solving a problem in a uniform way and in
polynomial time by a family of recognizer tissue P systems with evolutional sym-
port/antiport rules and cell separation.

Definition 3. A decision problem X = (Ix,0x) is solvable in a uniform way
and in polynomial time by a family II = {II(n) | n € N)} of recognizer tissue P
systems with evolutional symport/antiport rules and cell separation if the following
conditions hold:

1. the family II is polynomially uniform by Turing machines; and
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2. there exists a polynomial encoding (cod, s) of Ix in II such that (a) for each
instance u € Ix, s(u) is a natural number and cod(u) is an input multiset of the
system I1(s(u)); (b) for each n € N, s71(n) is a finite set; and (c) the family
IT is polynomially bounded, sound and complete with regard to (X, cod, s).

The set of all decision problems that can be solved by recognizer tissue P sys-
tems with evolutional symport/antiport rules and cell separation with evolutional
communication rules of length at most (k1,k2) in a uniform way and polynomial
time is denoted by PMCrsgc(k, ,ks)-

4 Solution to SAT with evolutional communication rules and
separation rules

In [6] an efficient solution to the SAT problem is given by means of a family of P
systems from TSEC(3,2). A frontier of efficiency is given, but some open problems
remain, as indicate Figure 1 of such work. It shows that the class of problems that
can be solved by P systems from TSEC(2, k) with k£ > 2 is unknown. In this work
we improve this borderline closing the previous open questions, giving an efficient
solution of the SAT problems by means of a family of P systems from TSEC(2, 2).
Let us briefly recall the description of the SAT problem: given a boolean formula
in conjunctive normal form (CNF), to determine whether or not there exists an
assignment to its variables, called truth assignment, on which it evaluates true.

Theorem 1. SAT € PMCrggc(2,2)

For each n,p € N, we consider the recognizer P system
H(<n7p>) = (F7 FOth 2757/\41) e aM(pRa iin;iout)
from TSEC(2,2) defined as follows:

1. Working alphabet I

{Yes7n°7ylay27n17n27#} U

{Cl@jllSiS’I’L,OSjSZ'}LJ
{aj;12<i<n0<j<i-1} U
{af;af;12<i<n1<j<i-1} U
{a],a;,af,af|1§j§p+1}u

ti, fo th Ut iR FE fR 1 <i<n} U
{zaf17iaii7i)i7i7fi| —Z—n}
{Biks Bl s B B 10 <k <n,1 <1 <n} U

(i Tigr, ) [ 1<i<n,1<j<p1<k<n+j-1} U
{00 T o x*;,j,ka O e T ks T s T s T &g s |
0<i<n1<j<pl<k<n}U
{ejn|1<j<pj<k<plU{6i|0<i<dn+p+2}U
{6510 <i<dn+p}.
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In=I\Iy Iy={al;|2<i<n1<j<i-1}U

{of |1<j<p+1}U{th fFl1<i<n} U
{BL10<k<nk+1<l<n}

. Input alphabet X {2:,,0,Tij,0, %7 o | 1 <0 <n, 1 <j < p}.
. Environment alphabet &: {~}.

S My = {80,0} U BT 1 <1<},
sz{az,0|1§z§n} Ufa; |1<j<p+1}

. The set of rules R consists of the following rules:

1.1 Rules for (4k + 1)-th steps.
[aii-1]2[7v]o = [aii—1 ti]2[ Jo .forl <i<m

el = (]2l To |
T ez

i]
glz2lv]o = | ”]2[ Jo ,for2<i<n,0<j<i—2
J2

[

[f

[a;

[ajla[7]o =[] ]2] ]o,f0r1§j§p+1
0<k<n,

[Buelilyvlo = [B ]y }fork:—T—lzln<n

[%aﬂﬂﬂo%[%mﬂﬂ Jo 1<i<n

[Ei,j,k]l['Y]o—)[f;}j,kh[ lo pforl <j<np,

[xf,j,k]l[’)’]o_)[x*i,j,k]l[ lo 0<k<n-1

1.2 Rules for (4k + 2)-th steps

[a‘;,if J2[v]o = laii fE 2] Jo or i<n
t”2[}Y]o—>[tiL]2[ lo }f lsis
Y

ti o[ ylo = (487 2l Jo Vg q i
2710 = [FE R b}f1§ =

[
[
[
2<3<n,
[ag,]] [7]0 _>[ ’Lj-‘rlafj—‘rl]Q[ ]0 5f0r02j2 i—1
[a}]2[7v]o — [aLaRb[ lo,for1<j<p+1
0<k<n,
[5Z,k]l[7]0 - [/Bl,kJrl 55’“1]1[ lo 7f01"k4__1 zl <n
(2 ;i ilv]o = (@2 il Jo ) 1<i<n,
[fi,jk] (7o — [Té’,?,,/%ﬂh[ Jo p1<ji<p,
(2% e iv]o = [2* 5k il Jo) 0<k<n—1

1.3 Rules for (4k + 3)-th steps.
[a“]2—>[F0] [Fl]g ,fOI‘lSiSTL
’Bk][ o>l ]1[5’3k]0}for10g€1c{25,}’
] k+1<l<n
[ ]0 1<i<n,
[ Jo pforl<j<np,
W o) 1<k<n

[
[
[}
[filj/
(275,
1.4 Rules for

145
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0 € {L, R},
i ot ), )
(75 ]2[/8k,k]0_>[7”z] [ o 1<j<n,
1<k<n
O € {L, R},
[aP 2Bk ]o = [aglal Jo , forl <j<p+1,
0<k<n
x;i;’,k]l[V]O_)[xi,j,k]l[ lo 1<i<n,
fgi;’,k]l[V]O_)[fi,j,k]l[ lo pforl <j<np,
x*i/,,j,k]l['Y]O_)[ij,k]l[ lo 0<k<n

[

|
[ hlBiklo = [Birli[ Jo ,for0<k<nk+1<I<n

2.1 Rules to check satisfied clauses.
[til2[Tijmtj—1]1 = [eiitilal T
DI R
ti hjmti—l ! or i<n j
[l [l h (PriSism1<ise
[fil2 [x”nﬂ 1= e filel I

[ 1= [fil2l 1

[

[z

[z

fl] [ i,5,n+5—1

ik 11[7]o = [Tijmrk+1 1] o 1<i<n,
Ti gtk J1[V]o = [Tijnieri 1] Jo pforl <j <p,
z]n-{-k] [7]0%[x;j,n+k+l]1[ ]0 0§k§]_2

[cikle[v]o = [ciptrle] Jo,for 1<j<p,j<k<p-1
3.1 Rules to check if all clauses are satisfied by a truth assignment.
[apt1]2[ 0y p ]t = [af 1 ]2 o
[ajciplel Jo—=[ la[#]o, for1<j<p
4.1 General counters.
[0i]1[7v]o = [Gix1]i[ Jo,for0<i<dn+p+1
(8441 11[ 7)o = [83p i Jo sfor 0<i<n—1
[6hirr J1[7]o = [04ippa il Jo s for 0<i<n—1,k€{0,2,3}
[&Lnﬂ]l['ﬂo = 4n+z+1] [ Jo,for0<i<p—1
4.2 Rules to give a negative answer.
[ajapiilel Jo—=[ Jo[nmi]o,for 1<j<p
[ Je[nao = [na]2] o
[n1 2] dantpr2]i = [n2]2] |1
[n2]2[ Jo—=[ J2[nolo
4.3 Rules to give an affirmative answer.
[ i1 ]2[0antpr2]t = [yale] 11
[y1l2[v]o = [y2]2[ Jo
[y2]2[ Jo—= [ Ja[yes]o
7. The input cell is the cell labelled by 1 (i;;, = 1) and the output region is the
environment (io,: = env).
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Let ¢ = Ci1 A --- A C, an instance of SAT problem consisting of p clauses
Cj=11V---Vij,, 1 < j<p, where Var(p) = {z1,...,z,}, and ;1 € {z;, ~2; |
1<i<n},1<j<p1<k<r;. Letus assume that the number of variables, n,
and the number of clauses, p, of ¢, are greater than or equal to 2.

We consider the polynomial encoding (cod, s) from SAT in IT defined as follows:
for each ¢ € Igyr with n variables and p clauses, s(¢) = (n,p) and

cod(p) = {zij0 | i € C;} U {Tijo | i € Cj} U{x];0| 2 & Cj,—xi € Cj}

For instance, the formula ¢ = (21 V22 V —x3) A (m22 V 24) A (02 V 23 V —24)
is encoded as follows:

T1,1,0 2,1,0 £3,1,0 T1.1,0

cod(p) = | #7120 T2.2,0 320 ¥4.2,0

71 3.0 T2,3,0 £3,3,0 T4,3,0
We define codj(¢) as the set of elements of cod(¢) when the third subscript
equals k. In the same way, we define cod} (¢), cod)(¢) and cod}'(yp) as the sets
of elements of cod(p) when the third subscript equals k and elements are primed,
double primed and triple primed, respectively. For notation convenience, we define
cod, (i) the subset of elements of cody,(¢) with elements of Cj, . .., C,,. For instance,

cod3 () would be the following set:

cod2(p) = <$3274 ?2,2,4 T304 f4,2,4>
T1 3,4 T2,3,4 £3,3,4 T4,3,4
The Boolean formula ¢ will be processed by the system II(s(p)) + cod(ip).
Next, we informally describe how that system works.
The solution proposed follows a brute force algorithm in the framework of
recognizer tissue P systems with separation and evolutional communication rules,
and it consists of the following stages:

o Generation stage: Using separation rules each 4 steps, we produce 2" mem-
branes labelled by 2 containing each possible truths assignment. At the same
time, we generate 2" copies of cod,, (). This stage spends n computation steps
exactly, being n the numer of variables of .

e First checking stage: With rules from 2.1, we can check which clauses from the
input formula ¢ have been satisfied by a specific truth assignment. This stage
takes exactly p steps.

o Second checking stage: With rules from 3.1, we remove objects «; such that
they are removed from a membrane if and only if the truth assignment asso-
ciated to that membrane makes true clause C;. This stage takes exactly one
step.

o Qutput stage: With rules from 4.2 and 4.3, we can give an affirmative or a
negative answer depending on if the input formula is satisfiable or not. This
stage spends exactly 4 steps, regardless of whether the formula is satisfiable or
not.
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5 A formal verification

In this section, an exhaustive verification of the system is given.

Generation stage

At this stage, all truth assignments for the variables associated with the Boolean
formula @(z1,...,z,) are going to be generated, by applying separation rules
from 1.2 in membranes labelled by 2. In such manner that in the 47 + 2-th step
(1 <4 < n—1) of this stage, separation rule associated with an object a;; is
triggered, two new cells distributing ¢; and f; between them. In the last step of
this stage, each membrane labelled by 2 will contain a truth assignment of the
formula.

Proposition 1. Let C = (Co,Cu, . ..,Cq) be a computation of the system II(s(y))
with input multset cod(p).
(ap) For each 4k (0 <k <mn —1) at configuration Ca, we have the following:

.
o Car(1) = {0u, g, codi(9)* U{BY, | k+1< 1< n)
e There are 28 membranes labelled by 2 such that each of them contains

— objects akt1,k,- -, An ks
— objects r1,...,7k, being r € {t, f}; and
— objects aq, ..., pt1.

(a1) For each 4k +1 (0 < k <n—1) at configuration Cqr+1 we have the following:
k k
o Capt1(1) = {0ak+1, 5/421k+17 COd%(‘P)Qk} U {/Blz2,k |k+1<1<n}
e There are 28 membranes labelled by 2 such that each of them contains
— objects ajq gy, QS
— objects 1, ..., being r € {t, f}
~ an object t;,; and
~ objects o, ..., ap, .
(a2) For each 4k +2 (0 < k <n—1) at configuration Cax+2 we have the following:

k41
o Cunr2(1) = {Sarsa2, 8 5pys, codgﬂ(@)?k“} U
k
{897, 10 € {L,R},k+1<1<n}
e There are 2% membranes labelled by 2 such that each of them contains

~ objects apy1ky .-, Qn ks
~ objects r1,...,1k, being v € {t, f}; and
— objects aq, ..., 0p41.

(ag) For each 4k +3 (0 < k <n—1) at configuration Car+s we have the following:
2k k1
o Cur3(0) ={B% 111} U {612,1;1 |k+2<1<n}

2kt 1" gk+1 2k
o Car3(1) = {0ant3, 0'4pis, codily  (0)* 7 FULBL, [k +1 <1 <n}
o There are 2"t membranes labelled by 2 such that each of them contains
— objects akt1,k,- -, An ks
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— objects r1,...,7k, being r € {t, f}; and

— objects aq, ..., p41.
() Can(1) = {64n,6’i,;,cod4n(<p)27l}, and there are 2" membranes labelled by 2
such that each of them contains objects o, ...,apy1, as well as a different

subset {ry,...,rn}, beingr € {t, f}.
Proof. (a) is going to be demonstrated by induction on k.

(ap) The base case k = 0 is trivial because at the initial configuration we have:
Co(1) = {00, 8¢, codo (@) }U{B10 | 1 <1 < n} and there exists a single membrane
labelled by 2 containing objects a1, ..., ap1+1 and objects a1,9,...,an,0. Then,
configuration Cy yields configuration C; by applying the rules:

[ar0]2[v]o = [a1ot1]2[ o

[aiol2[7]o = [ ;0 ,for2<i<n

[ajlo[v]o = [af]2 o, for 1<j<p+1

[510][ ]oﬁ[ﬂlo][ Jlo ,for1<i<n

[zijol[v]o = [#i ;0110 o

[Zijol1l7v]o = [171]1[ Jo pfor1<i<n,1<j<p
(2550 1ilv]o = [%51 10 o

[Sol1[v]o = [61]a] o

[ &¢ ][ ]o—>[ 1l o

{61,5’1,00d’( )} U{Bio | 1 <1 < n}andin C; there ex-
ists one membrane labelled by 2 such that its contents is the set of objects
{aigs---,ay 0}, the object t7 and objects o, ..., a; ;. Then, configuration C
yields configuration Cy by applying the rules:

[a10]2[7]0 = [ar fT]2[ o
t]2[v]o = [t1]2[ o

vlo = [02]1] Jo
7l = 18310 o
(a2)Thus, C3(1) = {52,5’§,cod'1’(<p)}u{ﬁﬁl | O € {L,R},1 <1 <n}andinCs there
exists one membrane labelled by 2 such that its contents is the set of objects
{ai1,...,an1}, objects t¥ and ff and objects a?, .. 'vaz?+17 for O € {L, R}.
Then, configuration Cs yields configuration Cs by applying the rules:
[a171]2 — [FQ]Q[Fl]Q R for 1 <i1<n
[BL1 1 Jo— | ]1[531]0}f0r0 €{L, R},
(B0 Jo=[ WAl [T k+1<1<n

[

[a;,o] [7]o =1 zlaf?ib[ Jo ,for2<i<n
[a§]2[7]0—>[aLaf]z[ Jo ,for1<j<p+1
[Bl/,k] [7]0%[511%5151%4_1]1[ Jlo ,fork+1<1<n
(25 50]1[7]0 = | 2'31]1[ Jo 1<i<mn

(Zi 0l Jo = [F50e il Jo plory = 20

(2% joli[v]o = [z z370“][ lo lsi=p

[

[
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(o hlrlo = [=50hl o ) i
[T 0 lilv]o = [T 011l o for> — . _ "
(ol = [#ohl 1) SIS
[62]1[ [03]1] o

Jo—
[6311[v]o = [05]x[ o
(as) Thus, C3(1) = {8s,0’2, cod!"(¢)}, at the environment there is the multiset
{80110 e{L,R}} U{B}, |2 <1< n}and in Cy there exists two membranes
labelled by 2 such that its contents is the set of objects {a$,,...,a } with
O = L (resp., O = R), object tI (resp., f¥) and objects alo,...,az?ﬂ, for
O = L (resp., O = R). Hence, the result holds for k =0

e  Supposing that, by induction, result is true for & (1 < k < n — 1); that is,

(ap) For each 4k (0 < k <n — 1) at configuration C4;, we have the following:

A
 Car(1) = {0ax, 85y codi(9)? YU (B} [ k+ 1< 1< n}
—  There are 2¥ membranes labelled by 2 such that each of them contains

objects Qr41,k,- - An,k;
objects r1,...,r, being r € {t, f}; and
objects aq, ..., Qpt1.

(a1) Foreach 4k+1 (0 < k < n—1) at configuration C4x+1 we have the following:

ok e ok

— Carr1(1) = {Oany1, 0" g1, cody () UL |k +1 <1< n}

—  There are 2¥ membranes labelled by 2 such that each of them contains

objects aj g gy, a, i3

objects 7, ..., r}, being r € {t, f}
an object ., ; and
objects af,. .., 1.

(az) Foreach 4k+2 (0 < k < n—1) at configuration C4r+2 we have the following:

gk+1 k41 2k
— Capra(1) = {dakt2,, 0" Gppacodi 1 (9)* YU{B | O € {L, R} k+1<
I <n}

—  There are 2¥ membranes labelled by 2 such that each of them contains
objects ar41,ky---;0n.k;
objects r1,...,r, being r € {t, f}; and
objects aq, ..., apt1.

(ag) Foreach 4k+3 (0 < k < n—1) at configuration C4r+3 we have the following:
ok+1

2k
— Cary3(0) = {/Bok+1,k+1} U{Birg1 [ E+2<1<n}

2kt 1" gk+1 2k
= Carys(1) = {Oan43, 0"gpg, codiy (9)° YU{BL, [k +1 <1 <n}
—  There are 2¥*! membranes labelled by 2 such that each of them contains

objects ar41,ky---;0n.k;
objects 71, ..., 1k, being r € {t, f}; and
objects aq, ..., 0p41.

e Then, by the induction hypothesis, we want to prove the result for k& + 1.
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(ao) Then, configuration Cy4 3 yields configuration Cy(j41) by applying the rules:
O € {L, R},
[a; ]2 [5k+1 k1 Jo = [ @i ]| ]O}fo red{t, f},
[ri ]2 [ﬂk+1k+1]0_>[T1]2[ lo 1<i<mn,
I1<j<n

Q; 91, [ﬂk+1k+1]0_> [ajl2[ Jo,for O {L,R},1<j<p+1
Ve 1] = [@igeer il o
2" gty o = [Figrarh Jo plorl<i<nl<j<p
o ,J k+1] [v]o = [ T ki1l o
1l Bik+1]o = [Brr+1 al ]]o yfork+2<1<n
]

O-

darv3i[v]o = [dagesny 1l o
[0ssli[7v]o — [5:1(k+1) il o
Therefore, the following holds:
ok+1 k41 k41
= Cager)(1) = {0at1), 0 4hgr)s codis1 (9)* 7 JU{BF oy [k +2 <1<}
—  There are 2¥*! membranes labelled by 2 such that each of them contains
objects @42, k+1s .-, An k+1;
objects 11, ...,rk+1, being r € {t, f}; and
objects aq, ..., Qpt1.
(a1) Then, configuration Cy(j41) yields configuration Cy(x41)41 by applying the
rules:
[akt1k 2[V]o = [@hyr g thpr 2l Jo
[ti]2[v]o = [t ]2[ o ,
GRS e sis
[aik1]2[7]o = (@i ]2] Jo ,for2<i<n
[aj]2[7]o = [a ]2[ Jo 7f0r1<j<p+1
[5lk+1][ ]0—>[ Lk ] }fork+2<l<n
[Zij k41 ]1[v]o — [ ”kﬂ] [ o
[xmk+1]1[ Jo = [Tl Jo pforl<i<nl<j<p
[ i,4,k+1 lilv]lo — [x*;,j,kJrl il o
[Oagrrny J1[7]o = [Sagerny+1 il o
[64(k+1)] [7]0 - [5:1(k+1)+1 ]1[ ]0
Therefore, the folowing holds:

k k+1
Cagerny+1(1) = {Oagern) 41 0 agpr 1) 41 codi 1 (9)% JU {/3' | k+1<

I <n}
—  There are 2" membranes labelled by 2 such that each of them contains
objects aj o i1y 0y g1

objects rY, ..., 7 1, being r € {t, f}
an object t}._ ,; and
- objects a,...,a},, .
(a2) Then, configuration Cy(41)41 yields configuration Cy(41y42 by applying
the rules:
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[ak+1k] [7]o = [@kt1,k41 flerl]Q[ lo

FkJ]rl[] [] 7o _[>L[tk1€r]1 ][ [] lo

t tt 0 .

17 Tlrlo > (£ 7Tl ]o}fo”ﬁzﬁ’“

[ ;,k+1] [ ]0_>[ A k42 z}',%k+2]2[ ]0 Jdor2<i<n
[ ]2[7v]o = [af affla[ Jo ,for 1<j<p+1

[ llk+1] [y ]0%[6l,k+2/811?k+2]1[ lo,fork+2<i<n
{ ;,,]k-‘rl} P]]O_)[[ ”k+2]] [[ ]]0 1<i<n
f,Jkl 7 lo— 1jk2 0 - =
ol — [ g Do | 1S9 SP
[ak+ny+1 J1lv]o = [dagrryr2 i o

[0} %k+1)+1] 1[7v]o— [51421(k+1)+2]1[ Jo
Therefore, the following holds:

k+2 k+2 k+1
— Cagrrny+2(1) = {0ageriyr2, 0 a(kr1)1ar cody o (@) UL [ k+1<

I <n}
—  There are 2" membranes labelled by 2 such that each of them contains
objects @42, k+1, .-, An k+1;
objects r1,...,rp4+1, being r € {t, f}; and
objects aq, ..., Qpt1.
(a3) Then, configuration Cy(41)42 yields configuration Cy(41)43 by applying
the rules:
[ak+1 k+1] — [FO]Q[Fl 9o, for1<i<n
[/BkJrl g il Jo = | 6k+1 k1 | }
(PGl o= | Hmm forOcib. i kr2st=n
[} ij, ka2 1[v]o — [%lg k+2 Jal 0
[_il; ke 1[v]o = [T k+2 1 for
[z ]k+2]1[’7]0_>[ z* ]k+2]1
[Oakr1)+21[7]o = [aks1)ss ]

1
[54(k+1)+2]1[7]0 - [5 (k+1)+3]1[ ]O

Therefore, the followmg holds
2k+2

~ Cary1)13(0) = {8 k+2k+2}u{/8lk+2|k+3§l§n}

ok+2 k42 k41
— Carr1)+3(1) = {0akr1)+3, O ab s 1y 430 codily o (0)* YU{BY oy | E4+2 <
I <n}
—  There are 2¥t2 membranes labelled by 2 such that each of them contains
objects ar42,k+1,- -, 0n k+1;
objects r1,...,rp4+1, being r € {t, f}; and
objects aq, ..., 0p41.

e In order to prove (b) it is enough to notice that, on the one hand, from (a3)
configuration Cyp,—1 ' holds:

! Here, 4n — 1 =4k + 3 for k=n — 1.
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~ Can (1) = {0an1,0'%, 1, cod ()}
— There are 2" membranes labelled by 2 such that each of them contains
a different subset {r{,..., 79}, being r € {t, f} and O € {L, R}; and
objects a©, ..., az?+1’ for O € {L, R}.
e On the other hand, configuration Cy4,—1 yields configuration Cyg, by applying

the rules:
O € {L, R},
[0 12[BS 0o = [rilal o, forr € {t, f},
1<1<n
[ 12[ B9 J0 = [ajl2] Jo ,for O {L,R},1<j<p+1
[z 2 Tl ]o = [@igm i o
[f;”;n]lh lo= [Tijnlil Jo pfor1<i<n,1<j<p
(2 o hlvlo = (25,1 o
[

San—1]1[v]o = [6an i o
(G h(7lo = (8l To
e Then, we have Cyp(1) = {64n, 05, codsn(¢)?"}, and there are 2" membranes

labelled by 2 such that each of them contains objects o, ..., ap 1, as well as
a different subset {ry,...,r,}, being r € {¢, f}. O

First checking stage

Following the generation stage comes the first checking stage, where objects c;
are created in order to know if clause C; has been satisfied by the truth assignment
encoded in membranes labelled by 2. In each step, we fire rules for a single clause,
therefore in p steps we can obtain objects c; ; if this clause is satisfied. This can
be because of two reasons:

e Literal z; appears in clause C;, and the the valoration of variable z; in a truth
assignment is True. Then, we can say that such truth assignment satisfies this
clause; or

e Literal —x; appears in clause C, and the the valoration of variable x; in a truth
assignment is False. Then, we can say that such truth assignment satisfies this
clause.

In any other way, variable x; has nothing to do with clause C;. At the final
step of this stage, membranes labelled by 2 will have objects c;, where C; are
clauses satisfied by such truth assignment. We obtain an object aj,,; to use it in
the next stage.

Proposition 2. Let C = (Co,C1,...,Cq) be a compuation of th system II(s(y))
with input multiset cod(p).

(a) For each k (0 <k <p—1) at configuration Csniy we have the following:

o Cani(1) = {Banin 050, codi(9)7)
o There are 2™ membranes labelled by 2 such that each of them contains
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— objects r1,...,1y, being r € {t, f};
— objects aq,...,qp41; and
— objects cik, ...,k k, where cj represents that clause C; has been sat-
isfied by the truth formula encoded in such membrane.
(D) Cantp(l) = {54n+p75/421:z+p}7 and there are 2™ membranes labelled by 2 such
that each of them contains objects a1, ..., apt1, a different subset {r1,...,rn}
and objects c; when clause C; is satisfied in that membrane.

Proof. (a) is going to be demonstrated by induction on k.

(a) The base case k = 0 is trivial because at the initial configuration we have:
Cin(1) = {0un,8'3,,codsn(p)} and there exist 2" membranes labelled by

2 containing objects au,...,ap+1 and a different subset {ri,...,7,}, being
r € {t, f}. Then, configuration Cy, yields configuration C4,,4+1 by applying the
rules:

(tilo[miin]i = [cratile] 11
til2[Tiin ]t — [ti]Q{ }1

tilol@}y 1 — [ti] for 1<i<m1<j<p

[

[

[filal@iin]s = [fil2] D

[ilalmianh = Tena fil[ ]

[filalaiyn ] = [fila] 1

(i n+k]1[7]0 = [Zijm+rt1 il o

(Tigmtk 1 [V]o = [Tigmirtr il Jo pfor1<i<n,2<j<p

[xi,j,n_;_k]l[’}’]o - [$Z7j,n+k+1 il o

[an ][]0 = [dant1 ][ o

[64n J1l7v]o = [04nia il o
Thus, C4pt1(1) = {(54n+1,5'iz+1,codin+1(gp)2"} and in Cgp41 there exist 2™
membranes labelled by 2 such that their contents are objects a1,...,ap11, a
different subset {ri,...,r,}, being r € {¢, f} and objects ¢y, if some literal

present in C; satisfies it?. Hence, the result holds for k = 1.
Supposing that, by induction, result is true for k£ (0 < k < p — 1); that is,

o Cintr(1) = {Oantk, 03 4 codi ™ (0)2}
e There are 2" membranes labelled by 2 such that each of them contains
~  objects r1,...,my, being v € {¢t, f};
— objects a1,...,0p11; and
— objects ¢k, - . ., Ck,k, Where ¢, represents that clause C; has been sat-
isfied by the truth formula encoded in such membrane.

Then, configuration Cy4,, 1 yields configuration Cqy,41+1 by applying the rules:

2 Here, objects # are created, but they are not used anymore, so they are not going to
be noted here.
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(til2[Ziprintr ]t = [chriprrti2] |1

PH% 1, nJrk}l - {t } { }1

t12x1k+1n+k 1> [t 1 . .

[Fill@ihetmen i = [Filol T frisismlsjsp

[file[Zikt1,ntk ]t — [Ck+1 k+1 fil2[ I

[ file[z zk+1n+k]1_>[f1 Jh

[Zi gtk J1[V]o = [Tigmtrt1 1] Jo

[Tijmtk 1[V]o = [Tigntrri 1] Jo plor1 <i<nk+2<ji<p

[‘r 1,7, n+k] [7]0 - [ zjn-l—k—i-l]l[ ]0

[cikle[v]o = [¢irri]2] Jo,for 1<j<pk<k<p-1

[Santi]1[V]o = [Santrti il o

[04nar)1[Y]o = [O4n i 1l o
Thus, Cantht1(1) = {Sanshrt, 0 hnppirscodi D1 (9)?"} and in Cappppa
there exist 2" membranes labelled by 2 such that their contents are objects
aq,...,0py1, a different subset {r1,...,7,}, being r € {¢t, f} and objects
Cl,ks- - - Ck,k if some literal present in C; satisfies them.

In order to demonstrate (b) it is enough to notice that, on the one hand, from
(a) configuration Cyp4p—1 holds:

o C4n+p—1 (1) - {54n+p—1a 51421n+p—17 COd?r)L(SO)Q’L}

e There are 2" membranes labelled by 2 such that each of them contains
objects 11, ..., Ty, being r € {t, f};

objects aq,...,ap41; and

objects ¢1,p—1,-..,Cp—1,p—1, Where ¢; ,_1 represents that clause C; has been
satisfied by the truth formula encoded in such membrane.

On the other hand, configuration C4y,,—1 yields configuration C4,+, by applying
the rules:

t;
]Q[xz,p,nﬂl 1}1 %{ } {
t p,n4p 1 — t . 3
et n TR prisisni< <y

[t
|
{f1]2[xz,p,n+p 1) — [Cp,pfz];[ i
[
[

] [ ,p,n+p 1]1_>[f’b] [ 1
¢ip-1l2[vlo = [¢jpla[ Jo  for1<j<p-—1

Oantp—111[7]o = [danip il o

[64n+p—1] [7]0 - [(%ln—i-p] [ ]0
Then, we have Canyp(l) = {(54n+p,5'4n+p} and in Cay4p there are 2" mem-
branes labelled by 2 such that each of them contains a different subset {r1,...,7r,},
being r € {t, f}3, objects ai,...,a,+1 and objects ¢;, when clause C; has been
satisfied by the truth assignment encoded in such membrane. O

3 This subset is not used anymore, so it will not be noted from now on.
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Second checking stage

Here, when rules from 3.1 are fired at the (4n+ p+ 1)-th step, objects o; within a
membrane labelled by 2 are removed if and only if the truth assignment associated
to that membrane makes true clause C}, that is, if there is at least one object ¢; in

such membrane. At configuration Capntp we have Cantp(1) = {0antp, 6li;+p} and
each membrane labelled by 2 contains objects o, ..., a, and objects ¢; such that
the corresponding truth assignment satisfies the clause C';. By applying rules from
3.1 and rule [duntp|1[Y]o = [Oantp+1]1] Jo, Object danyp evolves into daptpt1
within the membrane labelled by 1, and in each membrane labelled by 2, objects
aj such that their corresponding object c;,, are “removed” from the system, and
let the next stage to check whether or not they are present, besides the object
op1, that is prepared, evolving to a;ﬂrl, to react with the remaining objects o;.
This stage takes exactly one step.

Output stage

The output phase starts at the (4n + p 4 2)-th step, and takes exactly four steps,
regardless of whether the input formula ¢ is satisfied or not by some truth assign-
ment.

o Affirmative answer: If the input formula ¢ of SAT problem is satisfiable then at
least one of the truth assignments from a membrane with label 2 has satisfied
all clauses. Then, there will be a membrane labelled by 2 such that all objects
aj, with 1 < j < p have dissapeared in the previous step. At configuration
Can+p+1, we have Capypr1(1) = {0an+p+1} and in each membrane labelled by 2
there remain objects «; if the corresponding truth assignment does not make
true clause C; and one object o, . In this step, only rule [d4n4py1]1[7]o —
[Oantpr2]1[ Jo will be fired and rules [aj o,y ]2[ Jo — [ J2[n1]o will be
fired in membranes labelled by 2 such that at least one clause is not satisfied
by the corresponding truth assignment. Then, at configuration Capqpy2, we
have Capipia(l) = {Oantp+2,n'}, being ¢ the number of truth assignments
that have at least one clause not satisfied by the corresponding truth assign-
ment, and membranes labelled by 2 contains an object a7, ; if and only if the
corresponding truth assignment makes true all clauses from ¢, and can contain
objects o, 1 < j < p, if clause Cj is not satisfied by the corresponding truth
assignment.

In the next step, applying rules [ ]2[n1]Jo — [n1]2] o and [aj,4q |2[danipra ]t
[y1]2[ ]1, we obtain an object y; in a membrane labelled by 2 if and only if the
corresponding truth assignment makes true the input formula. Let us remark
that more than one membrane labelled by 2 can contain a truth assignment
that makes true o, but in this case, we as we want to know if at least one truth
assignment makes true the input formula ¢, we only want one object y;. Then,
at configuration Cap1pt3 we have that Cyngpt3(l) = 0 and in membranes la-
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belled by 2, we can have objects n14, adding up to ¢ in all membranes labelled
by 2, being ¢ the number of truth assignments that do not make true the in-
put formula, an object a;, 1 if the corresponding truth assignment makes true
all clauses, excepting one membrane labelled by 2 which corresponding truth
assignment makes true the input formula that will contain an object y1, and
can contain objects a;, 1 < 7 < p, if clause C; is not satisfied by the corre-
sponding truth assignment. In the next step the only rule that can be fired is
[y1]2[v]o = [y2]2[ Jo, that will be useful to synchronize the affirmative and
the negative answer. Let us note that rule [ng ]o[dantpt+2]1 — [n2]2] |1 can-
not be fired because object d4,+3 has been consumed in the previous step by
an object aj,, ;. Then, at configuration C4pnypr4, we have that Capipra(l) =90
and in membranes labelled by 2, we can have objects ni, adding up to t in
all membranes labelled by 2, being ¢ the number of truth assignments that do
not make true the input formula, an object a; 1 if the corresponding truth as-
signment makes true all clauses, excepting one membrane labelled by 2 which
corresponding truth assignment makes true the input formula that will con-
tain an object y2, and can contain objects o, 1 < j < p, if clause C; is not
satisfied by the corresponding truth assignment. At the last step of the com-
putation, rule [y2]2] Jo = [ ]z2[yes]o is fired, sending an object yes to the
environment. Then, at configuration Cyp4pt5, we have that Capypys(l) = 0
and in membranes labelled by 2, we can have objects ni, adding up to t in
all membranes labelled by 2, being ¢ the number of truth assignments that do
not make true the input formula, an object aj,, if the corresponding truth as-
signment makes true all clauses, excepting one membrane labelled by 2 which
corresponding truth assignment makes true the input formula, and can con-
tain objects aj, 1 < j < p, if clause C; is not satisfied by the corresponding
truth assignment, and there will be an object yes in the environment. Here,
the computation halts and returns an affirmative answer.

e Negative answer: If the input formula ¢ of SAT problem is not satisfiable then
none of the truth assignments encoded by a membrane labelled by 2 makes
the formula ¢ true. Thus, some object a; (1 < j < p) will be within all
membranes labelled by 2 will not remain in such membranes. At configuration
Cantpt1, we have Capypt1(1) = {0antp+1} and in each membrane labelled
by 2 there remain objects a; if the corresponding truth assignment does not
make true clause Cj. In this step, only rules [aj aj, 1 ]2[ Jo = [ J2[n1]o, for
1 < j < pand rule [dantpt1]i[V]o = [dantp+2]1[ Jo will be fired. Then,
at configuration Cypyp4+2 we have in the environmet 2" copies of object nq,
Cantpt2(1) = {0an+p+2} and membranes labelled by 2 will contain objects «;
(1 < j < p) when clauses C; are not satisfied by the corresponding truth
assignment. In the (4n + p + 3)-th step, rule [ Ja[ni]o = [ni]2] Jo will
be fired. Here, objects ny will be sent to a membrane labelled by 2. Then,

4 Let us note that a membrane containing an object n; does not say that the corre-
sponding truth assignment does not makes true the input formula. In fact, we can
have more than one object n; within a single membrane labelled by 2.
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at configuration Cayyp+s we have Cangpt3(l) = {Oantpt2} and membranes
labelled by 2 contain objects o; (1 < j < p) if clause C; is not satisfied by the
corresponding truth assignment, and can contain ¢ objects nqy (0 <t < 2"). At
the (4n+p+4)-th step rule [ng o[ dantp+2]1 — [n2]2[ |1 is fired, since object
d4n+3 has not been consumed by any rule from 4.3, creating an object ns in a
membrane labelled by 2. Then, at configuration Cappt4 we have Capypya(1l) =
(¢ and membranes labelled by 2 contain objects a; (1 < j < p) if clause C; is
not satisfied by the corresponding truth assignment, and can contain ¢t objects
ny (0 <t < 2"), and one of them contains an object ny. At the last step of
the computation, rule [na]a] Jo = [ Je[no]o is fired, sending an object no to
the environment. Then, at configuration Cay,+p+5 we have that Cypqpis(l) =0
and membranes labelled by 2 contain objects a; (1 < j < p) if clause C; is
not satisfied by the corresponding truth assignment, and can contain ¢ objects
ny (0 <t <2"), and there will be an object no in the environment. Here, the
computation halts and returns a negative answer.

Result

Proof. The family of P systems previously constructed verifies the following;:

Every system of the family IT is a recognizer P systems from TSEC(2,2).

The family IT is polynomially uniform by Turing machines because for each

n,p € N, the rules of IT({n,p)) of the family are recursively defined from

n,p € N, and the amount of resources needed to build an element of the family

is of a polynomial order in n and p, as shown below:

—  Size of the alphabet: 9n2p + 6n2 + # — 3np + 22n + % + % + 14 €
O(max{n?p,np?}).

— Initial number of cells: 2 € O(1).

— Initial number of objects in cells: n2 +n(p + 1) + p + 3 € O(n?).

—  Number of rules: 8n® + @ +4n! + 19% +23n+ % + % +11 € O(n?).

—  Maximal number of objects involved in any rule: 4 € O(1).

The pair (cod, s) of polynomial-time computable functions defined fulfill the

following: for each input formula ¢ of SAT problem, s(p) is a natural number,

cod(y) is an input multiset of the system I1(s()), and for each n € N, s71(n)

is a finite set.

The family IT is polynomially bounded: indeed for each input formula ¢ of SAT

problem, the deterministic P system IT(s(¢)) + cod(p) takes exactly 4n+p+5

steps, being n the number of variables of ¢ and p the number of clauses.

The family IT is sound with regard to (X, cod, s): indeed, for each formula ¢,

if the computation of II(s(y)) + cod(¢p) is an accepting computation, then ¢ is

satisfiable.

The family IT is complete with regard to (X, cod, s): indeed, for each input

formula ¢ such that it is satisfiable, the computation of II(s(y)) + cod(p) is

an accepting computation. O
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Corollary 1. NP Uco — NP C PMCrggc(2,2)-

Proof. Tt suffices to notice that SAT problem is a NP-complete problem, SAT €
PMCrsgc(2,2), and the complexity class PMCrggc(2,2) is closed under polynomial-
time reduction and under complement. O

6 Conclusions and future work

In [6] a tight frontier of efficiency in the framework of tissue P systems with
evolutional symport/antiport rules and cell separation is defined by the length
of the RHS, that is, passing from 1 to 2 is enough to pass from non-efficiency
to presumably efficiency while the length of the LHS is at least 3. This result
is demonstrated giving a solution of the SAT problem by means of a family of P
system from TSEC(3,2). But an open problem remains open here: what happens
with P systems from TSEC(k,2) (k > 2)? Can we solve computationally hard
problems restricting the length of the LHS to 27

In this paper, an efficient solution to the SAT problem is given by means of
a family of P systems from TSEC(2,2), so the previous problem is solved. Then,
we can conclude here with a similar figure to the presented in [6] but with the new
results included.

Of course, after this work we can define several clear research lines to continue
investigating these kinds of P systems.

—  What happens when the environment “dissapear”?

— Do the structure matter? By this we mean using cell-like structure with this
kind of rules.

— In [12] another definition of length is given. Let k be the length of the rule
defined as follows: if r = [u];[v]; = [/ li[w];, k = |u| + |v| + [&/| + |[v/]. Then
the complexity class of tissue P systems with evolutional communication rules
with at most length k and cell separation is denoted by PMCrsgc(x)- What
are the borderline here?

— What is the upper bound of these systems? In [3] a characterization of tissue
P systems with symport/antiport rules and both cell division and separation
is given matching their efficiency to the class P#P and it seems that this class
of P system can reach the same complexity class.
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RHS

COTTTTTT,

1 2 3 4 5 6 7 LHS
. P= PMCTSEC(kl,kg) . NP Uco — NP g PMCTSEC(kl,kg)
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