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Abstract

In this paper we use the abstract syntax and the structural operational semantics of the P systems given in [1], and add

probabilities to the rules and to the communication targets. We take into account the number of possible combinations of rules which can be

applied in a computation step, as well as the consumption degree of the current resources.
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The new field of systems biology describes bio-
logical processes by using models developed by com-
puter scientists, and tools for simulation and verifica-
tion of the systems behaviour. Uncertainty (probabil-
ity theory, fuzzy set theory, rough set theory, ap-
proximate reasoning and approximate algorithms) has
been used in biology to describe certain biclogical sys-
tems, and to develop software simulators for
them!"2). There are various attempts of using proba-

bilities in membrane systems[2_4], with applications

] and economics!®!. The problem of

to biology[5
adding probabilities to P systems is still open, and it
is considered to be difficult because of various new

features introduced by the membrane systems.

In this paper we define the probabilistic transi-
tion systems for P systems. The probabilities are
added at the level of rules and communication targets.
We extend with probabilities the abstract syntax and
the structural operational semantic of P system given
in [1]. The probabilistic transition system is defined
over configurations, and computation is defined as a
sequence of probabilistic transitions between configu-
rations. In order to define a probabilistic transition
between two configurations of a membrane system,
we proceed in three steps:

(i) we define the probabilistic maximal parallel
rewriting step consisting in assigning probabilities to
rules in every membrane, and executing them in a
maximal parallel manner; (ii)} then we define the
probabilistic parallel communication of objects consist-
ing in assigning probabilities to communication tar-
gets, and sending the objects according to these prob-
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abilities; (iii) the parallel membrane dissolving step;
we do not consider probabilities in this step.

21 the authors compute {on-

In a previous paper
ly) the probabilities associated to each applicable rule
to the current multiset. Qur approach of adding prob-
abilities to a P system and computing them extends
this approach, by considering other elements in order
to describe the behaviour of a P system: the possible
combinations of rules applicable in a computation
step, the consumption degree of the current resources
in such a computation step of a P system, the proba-
bility of sending the messages in the regions specified
by the corresponding targets.

1 Preliminaries
1.1 Probabilistic transition system

Since the behaviour of a P system is essentially
nondeterministic, we consider systems that can per-
form both probabilistic and nondeterministic choices.
Several types of probabilistic and nondeterministic
choices are in the literature. We follow and adapt the
approach presented in [7]. Intuitively, a probabilistic
and nondeterministic choice is given by sets of alter-
native transitions, each transition having a certain
probability of being selected. The sum of all probabil-
ities of one alternative set must be 1. We represent
graphically an alternative set of transitions by using
an arc linking its transitions (see Fig. 1). Nondeter-
minism is given by the fact that only one alternative
set of transition is selected, and we have no informa-
tion on how one alternative is selected. Therefore we
have a probabilistic choice inside these alternative sets
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of transitions, while the choice between the alterna-
tive sets is nondeterministic.
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Fig. 1. An alternate set of transitions by using an arc linking its
transitions.

Definition 1. A probabilistic transition system
for a P system is a tuple (S, ~>), where S is a finite
set of states, and == S X [0,1] X S is a probabilis-

tic transition relation. We write s “g’t instead of
(s, p,t)E—, where p is the probability to reach ¢
from s. The specific feature is given by the fact that
for each s € S we have alternative sets of transitions
given by a partition S;, -, S, of S such that
Z fp 1 (s,p,t) €=t =1foralli=1,-,k.
L€ S,,

Example 1. The picture above illustrates an ex-
ample of probabilistic transition system. If s5;, s,,
53, and s, are the states which can be reached from s

. b, 1 1 1 2 .
with probabilities 20 2 3 and 3 respectively,

then we have a partition of {s,, s,, 55, 5, given by
S"=1{s,, 5,1 and "= {5;,5,} such that >, {p | (s,
€8’

pyt) €E> =1/2+1/2 = landZ{p | (s, p,1)
tes’
€| =1/3+2/3 =1.

1.2 P systems

Inspired from the cell structure and functioning,
the basic elements of a P system are the membrane
structure and the sets of evolution rules which process
multisets of objects placed in the compartments of the
membrane structure. An introduction to the P sys-
tems can be found in [8].

Informally a P system consists of several mem-
branes hierarchically embedded in a special membrane
called the skin. A membrane without any other mem-
branes inside is elementary, otherwise it is a compos-
ite membrane. The membranes produce a demarca-
tion between regions. Regions contain multisets of
objects, evolution rules and possibly other mem-
branes. Only rules in a region delimited by a mem-

brane act on the objects in that region. The rules con-
tain target indications, specifying the membrane
where the new objects obtained after applying the rule
are sent. The new objects either remain in the same
region when they have a here target, or they pass
through membranes, in two directions: they can be
sent out of the membrane delimiting a region from
outside, or can be sent in one of the membranes de-
limiting a region from inside, precisely identified by
its label. In a step, the objects can pass only through
one membrane. A membrane can contain a & symbol
after a rule application. This means the membrane is
dissolved, i.e., it disappears and its contents {objects
and membranes) remain in the membrane placed im-
mediately outside, and the evolution rules of the dis-
solved membranes are lost. The skin membrane is
never dissolved (its rules do not involve §). We also
assume the skin does not contain out targets.

Formally a P system is a structure IT = (O, g,
wy, W, (Ryy o), (R, p,)s %), where O
is the alphabet of objects; x is the membrane struc-
ture; w; is the initial multiset over O with i =1, m ;
R, is a finite set of evolution rules over O associated
with membrane i (the typical form of a rule is «—
v, with u a multiset, and v consisting of a message
and/or the dissolving symbol 8); p, is a partial order
relation over R;, specifying a priority relation among
the rules: (7, r,) €6, iff r >r,, i.e., r  hasa
higher priority than r,; i, € {0, 1, -+, m | indicate
the output membrane of IT (0 being the outer re-
gion).

Remark 1. In this paper we describe a multiset
wby w=M(a,)a,*M(a,)a,, where a;, ", a,
€0 and M:O0—N \ {0} is a mapping which gives
the nonzero multiplicities of the objects in O. For ex-
ample, w = 2alc is a multiset which contains 2
copies of a and 1 copy of c.

We briefly recall here some notations and con-
cepts related to the operational semantics of P systems
given in [1].

1. If X is a set, the free commutative monoid
X : denotes the set of the finite multisets defined over
X, and X =X \ {emptyl;

2. the mappings rules and priority associate a
membrane label to the set of evolution rules and the
priority relation: rules(L,;) = R,;, priority(L,) = p,;
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3. the projections L and w return from a mem-
brane its label and its current multiset, respectively;

4. the set of membranes for a P system II is de-
noted by <M (IT);

5. a simple membrane (L | w) € oM (II) has a
label L and a multiset of objects w € O U (O, X
Therel YU (O X fout}) x 61

6. a composite membrane is (L | w; My, -,

M) € M(II) for a label L and a multiset w € O U

(0] x fhere}) U (O X fout]) U (0] x
lin (M) U8t

7. a finite multiset of sibling membranes is writ-
ten as M, -+, M, and it is denoted by M, ; M, (IT)
is the set of non-empty finite multisets of mem-
branes; the union of two multisets of membranes M ,
=M, -, M, and N, = Ny, -, N
M,N, =M, ,M_ ,N, ", N_;

, 18 written as

8. a committed configuration for a P system IT is
a skin membrane which has no messages and no dis-
solving symbol &; the set of committed configurations
for II is denoted by C(II)C i ' (II);

9. an intermediate configuration for a P system
Il is a skin membrane which has messages or the dis-
solving symbol &3 the set of intermediate configura-
tions for IT is denoted by C* (IT)CM* (IT);

10. a configuration is either a committed config-
uration or an intermediate configuration.

2 Probabilistic P systems

There are some previous attempts to assign prob-

(1=49] " Here we come with a

abilities to a P system
new way of computing the probabilities for a compu-
tational step in P systems, taking into account all the
possible combinations of rules applicable in a compu-
tation step. Moreover, we define the consumption
degree of the current resources in such a computation

step of a P system. In order to do this, we extend the
I . .. . mpr
definitions of maximal parallel rewriting relation =

and parallel communication relation = defined in [1]
by enriching the inference rules with probabilities,

r

and we denote them by —m’mpr and ‘Plr’mr. For con-
sistency, we denote by —>; the relation for parallel
dissolving. In order to get a transition between two
configurations of a P system, we follow three steps as
in case of P systems without probabilities:

1. The probabilistic maximal parallel rewriting
step—consisting in assigning probabilities to rules in
every membrane, and executing the rules in a maxi-
mal parallel manner;

2. the probabilistic parallel communication of
objects step—consisting in assigning probabilities to
existing targets, and sending the messages according
to these probabilities;

3. the parallel membrane dissolving step—con-
sisting in dissolving the membranes which contain the

1) symbol“]; no probabilities are added.

Note that after applying the first step we get in-
termediate configurations. After applying the second
step we get intermediate configurations if there are &
symbols; otherwise we get committed configurations.
If there are & symbols, then the last step is applied
and we get committed configurations. The committed
configurations are states of the corresponding proba-
bilistic transition system.

Let II be a membrane system as described in the

14
previous section. We denote by —>& C(II) X [0, 1]
X C(II) the probabilistic transition relation over the

. . 14 -
configurations, and by (C(II), —) the probabilis-
tic transition system associated to II. For two config-

urations C, C, we write C, —P’C2 if (C,p,C,)€E

.. . b4 .
—. A transition relation can be seen as a union

mpr b,

of —>mpr, —ar and ;. The syntax of proba-
bilistic P systems differs from the syntax given in [1]
by adding also probabilities to targets. A message
contains a multiset of objects w from a given region
L, and the pair (tar, Pt

' {w)) where tar € {here,
out,in; -} . This means the probability for sending the
multiset w in the region specified by tar is Pf;,( w),

and 1 — P-, (w) otherwise. The set of messages is

denoted by Msg,(O).
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Objects: o€ O
Multisets of objects: w € 0,
Labels: L € {Skint U ¥
Messages: (w, (tar, PL (w))) € Msg,(O),
tar € {here,out,in |
P (ry) P (r)
Rules: frpsuy— v, riu, — v,

0< PL(ri)<l, i =1,n

Membrane contents;
Membranes:
Sibling membranes:

Committed configurations:

w € (0 U Msg,(0) U 1sh),

MeE M), M:=(L|lw | {LIw;M,)
M,€ " (1) = ()

C e Cc(m)

Intermediate configurations: C € C*(IT)

2.1 Probabilistic maximal parallel rewriting

We show here how the probabilities are comput-
ed in a maximal parallel rewriting step. The proba-
bilistic maximal parallel rewriting step consists in as-
signing probabilities to rules in every membrane, and
executing them in a maximal parallel manner. Before
going into more details, we remind the irreducibility
property w.r.t. the maximal parallel rewriting rela-
tion for multisets of objects, for membranes, and for

(11 A multiset w of objects

sets of sibling membranes
is L-irreducible iff there are no rules in rules(L ) ap-
plicable to w (w. r. t the priority relation priority
(L)). A simple membrane (L | w) is mpr-irre-
ducible iff w is L-irreducible. A non-empty set of

sibling membranes M, -+, M, is mpr-irreducible if

every M, is mpr-irreducible for every i = Ln. A
composite membrane (L | wi; M, -, M">, with =n
=1, is mpr-irreducible iff w is L-irreducible, and
the set of sibling membranes M, *--, M, is mpr-irre-

ducible.

Let M = (L |w;M,, -, M,) be a composite
membrane in <M (II), and the rules applied in mem-
brane L are rules(L) = {r :u,—>vy, ", 7,z u,~>
v, 1, where r;77r;, for all ;7. The probability of a
rule 7, to be applied is denoted by P, (r;); the proba-

bility of not applying the rule r; is 1 = P, (r,). We

] P, (ry)
write rules( L) as {rj:uy — > vy, =, 7,0 4,
P (r,)
SRy

n

The consistency of rules for a membrane labelled
by L differs from the definition given in [1] by the
fact that we add the probability for each rule. Let w

be a multiset of objects. A non-empty multiset R =

P (ry) PL(rn)

{ricuy v, 7w, v, | of evolu-

tion rules is ( L, w )-consistent iff:
1. RTrules(L),

2. w=u, " u,z such that all the rules in R are
applicable in parallel over w with their corresponding
probability,

3. (Vr&R, ¥r Erules(L)) " applicable on
w implies {7, ") & priority(L ),

4. (¥V7', ¥ER) (+',+") &priority(L),

5. the dissolving symbol & has at most one oc-

currence in the multiset v,"**v,.

To evaluate the probability for a computation
step, we follow three steps:

1. We look for the number of possible combina-
tions of applicable rules in which the objects (re-
sources) can be allocated;

2. compute the probability of each possible com-
bination, and

3. finally attach the consumption degree of the

current resources.

The first step represents a combinatorial opti-
mization problem equivalent to knapsack problem
(which can be solved in different ways, such as a
greedy algorithm, or using dynamic program-

ming[ 10ly,

Since at each step of evaluation all the rules from
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a combination of applicable rules to the current multi-
set are simultaneously applied (hence the parallelism
is maximal at the level of rules), the probability of
choosing a combination is the product of the probabil-
ities of the rules of that combination divided by the
number of all the possible combinations. This is ex-
pressed in the following definition.

Definition 2. Let r, -*, r, be a combination of
applicable rules where each r; applies 3, times, and N
is the number of such combinations. Then the proba-

bility of choosing this combination of rules is:

Prir,) = G TP
i=1

Example 2. Assume we have 10 copies of a in a
membrane, and the rules inside this membrane are
ry:2a—>b, ry:3a—>c, ri:4a—=d, each with the

probability %, %, and % respectively. We have 8

possible combinations to apply these rules in a maxi-

mal parallel way. The probability to apply, for exam-
3

ple, r, three times and r, once, is e ( 5

1
192°

A
3

Proposition 1. We consider a membrane labelled
by L, and its multiset is w = ¥7;a,'* 7,a,,,» where
7, €N\ {0} is the number of copies of object a;, j =

1,m. Let (ry, -, 7, ) be a combination of applicable
rules over w, f; the number of applications of rule

ri» and @; a; - a; a,, the left multiset of rule r;,
1

o

where a; €N is the number of copies of object a;, j
7

=1, m. The consumption degree of the current re-
sources in membrane L after applying the combina-

tion of rules r, >+, r,, denoted P.(r,, -+, 7,), is:
28, 2. Ba,
Ci=t " Ci=t "'
yl ym
P(ry,=r,) = . (1)
PIPIE
c ol Y

m

where ¥ = 2 7; 1s the total number of objects in

i=1
membrane L .

Proof. We use notions and results from probabil-
ity theory[“]. Suppose we have a finite population

consisting of N objects distributed as follows: N, ob-

k
jects of type 1, --+, N, objects of type £, where E N,

i=1

= N. For example, we could have an urn with balls
of several different colours. The event E = “choosing
n objects from the population, where n; objects are

k
of type 1, -, n, objects are of type £, and Eni =

i=1
n"” follows the multivariate hypergeometric distribu-

tion with parameters N, (N, -**, N,), and n. The

probability of this event is:
nl can "k
C N, C ]
P(E) = — o —
Cn
In our case, the population is the membrane with ¥
objects, where 7, objects are of type ay, ***,.7,, ob-

jects are of type a,,, ¥ = 7;. Applying the rule r;
j=1

7
for fB; times is equivalent to selecting B; objects of
s

type aj,j=1,m.

Example 3. Suppose we have w = 11al1b5d,
and the rules r,:2alb—>b, r,:3a—>c, ry:lald—>
d. The consumption degree of w by applying, for

1 1 A0
. . GGG
example, r, once and r, three times is o=
17

61188’ and by applying r, once and r, five times is

7 0 5
€ CiCs 33 o .
— g = . Usually the probability is increasing
ch 238

when the total number of consumed objects is increas-
ing.

Proposition 2. If all the objects in the membrane
L are of the same type, say a, and ¥ is the number
of a, i.e. w= Ya, the consumption degree P (r,,
---, r,) of the current resources in membrane L after

applying the combination of rules r, -, r, is
E Bia;
i=1
Pc(rl’“"rn) = ¥

where the left multiset of rule 7, is equal to ¢, and

(2)

r; applies 8; times.

Proof. Let X be the set of possible outcomes of
an experiment. Subsets of X are called events. Sup-
pose X is finite, and each of the outcomes in X is e-
1Al
x|
where | A is the number of elements in A, and | X |
is the number of elements in X. In our case, | X | is
the number of objects in the membrane L, all of the

qually likely. Then for any event A, P(A)=
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same type. Applying the combination of rules r,, -,
r,» €ach rule 8, times, the consumption degree of

choosing Z B, objects is as given in (2).
P

Example 4. Considering the P system described
in Example 2, the consumption degree of w = 10a by
applying r, three times and r, once is }—8 =1 because
all the resources are consumed, and the probability of

applying r, three times is 10

Definition 3. Let have a membrane labelled by
L, having w as its multiset, and a set R = {r, -,
r.t of (L, w)-consistent rules. The probability of a

computation step denoted by P-_(w, w’) is given

by:
mpr(w w’) —P((r X ﬁil""’rik X nBik))
Py X By X 8D (3)
where N is the number of possible combinations to
P(ri T T ) is the
probability of choosing the combmatlon (”, AT rik),
with 7., =, i, € {1, =, n |, and Pc(ril, e, rik) is

mpr

apply the rules r{, -, r

n?

the consumption degree of the resources in membrane
L by applying this combination.

pt

mpr

We write w = >,

Lu”.

Definition 4. Let M, M € M (II), where
M= {(L|w;M,, =, M), MZ5M', and M’
(Llw ;M,,, M,). We denote by Pmpr(M,M)

the proba-bility of reaching M’ by applying the rules
in membrane M. We have:

{
mpr(w’ w/)];l;Pinpr(Mi’ le)
(4)

(M,M’') = P}

m pr

P

mpr

We write M ‘”_’mp,l\/ll.

Proposition 3. For M, € st " (II), M, = M,

mpr

M, M, =»M+, and M, €M* (), M

= Ml, M,, =, M,, the probability of reaching M’
by applying the rules in M, is:

(M,, M) = HP;,p,(M,.,M,.’) (5)
i=1

m pr

+

P
We write M, mp,,M

Proof. The proof follows by induction on the

structure of membranes M, M,, -**, M,, and by ap-

plying the previous definitions (3) and (4).

Remark 2. If not all M, are mpr-irreducible,
then

(M)

mpr
= H iP;Pr(Mi) | M, is not mpr-irreduciblet
F
(6)

Now we can define the maximal parallel rewrit-

m,

ing relations —>,,; and —>,. by the following

inference rules:

For each w = u,**u,z € O such that z is L-

P (r)
irreducible, and (L, w)-consistent rules (u, ——>
PL(rn)
vttt U, —bvn)’
(R)) e

mpr
U U,z mpr, LY1 U,Z

where PL_ (w, v, v,z) is defined as in (3).

mpr

For each w € O/, w’ € (0 U Msg, (0) U

{61)] and label L,
PL

mpr

—_— ’
w mpr, LU"

(Ry)

(L1 wy—> (L 1w)

mpr

Foreach w € O, w' € (O U Msg, (0) U

{SF):,M“M;E&/“(H), and label L,
P: Ph

(Ry) F,

(L1 w;M,) —>,,, (L | w’;M1>
({(Llw;M,), {L|w;M,))=
(M., M,).

where P¢

mpr

mpr(w w )Pmpr

Foreach w € O, w € (O U Msg, (O) U
{61 ): , mpr-irreducible M, € =t " (II), and label
L,

Py ,
(R,) w _’mpr, LW
(L1 wi;M,) "mer<L | w' s M,)
where Pmpr ({(Llw;M,>, {L|w;M,>)=
(w,w’).

m/)r

For each L-irreducible w € O, and M, , M,
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€ ot * (IT), and label L,

+

Pmpr ’
M, —%, M.

(Ry) .
(L1 w;M,) Jﬂmﬁ<L | wi; M)
where P, ({L | w; M,), (L | w; M) =

P (M, M)

For each M, M’ € M (II), and M,, M, €
MT (),

P P;
mpr , mpr ’
—_— —
M—> M ,M,—> M,
=

(Rg)
mpr

MM, >, M,M,
where P, ((M, M,), (M, M) = P, (M,
M)P! (M., M,).

mpr

For each M, M" € oM (II), and mpr-irreducible

M,, €n'(1),

P ,
M=%, M
+' 4
P pr

MM, ==, M .M,

(Rg)

empty, if w is here-free
here(w) = { , . r o
w”, if w=w'(w,
empty, if w is out-free
out(w) = | . i w
w”, if w=w'(w’

if w is ing ~free

here

where P, ((M, M, ), (M', M,)) =P, (M,
M').

The related results given in [1] hold here as
well.

2.2 Probabilistic parallel communication

After a probabilistic maximal parallel rewriting
step, the resulted multisets contain messages with
targets and probabilities of placing these multisets in
the regions indicated by the targets. In this section
we evaluate the probability of getting new intermedi-
ate or committed configurations after sending these
messages. We first recall some notions regarding P
systems without probabilities. We say that a multiset
w inside a membrane L is here-free/ in 'L~ free/ out-
free if it does not contain any here/in;/out mes-
sages, respectivelym. For a multiset w of objects
and messages, the operations obj, here, out, in;-

are defined as follows:

obj (w) is obtained from w by removing all the
messages.

(w)) A Pi'm,(w”) # 0 A w’ out-free

PE (w")) A P;“m(w”) #0 A w’ out-free

out

empty,
i (w) = w”, if w=w(w’, Pl,Ln (w’)) A Pﬁu(w") #0 A w in,~free
y

The definition of tar-irreducibility property is
given as in [1]. A simple membrane {L | w) is tar-
irreducible iff . = Skin V (L # Skin A w is out-
free). A non-empty set of sibling membranes M|,
=+, M, is tar-irreducible iff M, is tar-irreducible, for

every i =1, n. A composite membrane (L | w; M|,
-, M) with n=>1 is tar-irreducible iff:

1. L =SkinV (L7 Skin \ w is out-free),

2. wis inp(yy-free, for every i =1, n,
3. forall i =1,n, w(M,) is out-free,

4. the set of sibling membranes M,, -=-, M is

tar-irreducible.

Since at each step of evaluation, all the existing
messages from a multiset w are sent simultaneously

in the regions indicated by the targets, the probability
of sending all the messages of w is the product of all
probabilities of placing the multisets with targets in
the corresponding regions. This is expressed in the
following definition.

Definition 5. The probability of sending all the

messages of w in the regions indicated by their tar-
gets is Py, (w), where w= (v, (tar,, P (v,))),
”'9(1}", (tarny Pf;r(‘v,,)))z, Y E O:, l = 1, n

and z is tar-irreducible.

P (w) = [ P, () (7)

Definition 6. Let M, M' € o (II), where
M=(L|w;M,, -, M), M==M’, and M' =
(L] w';M;, ey M;) We denote by P, (M, M")
the probability of reaching M’ by sending the existing
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messages from M. Then we have

tar(M M ) = Ptar(w)HPtar(Mt’M ) (8)
We write M“ﬁ’m, M.

Propesition 4. For M, € oM " (1), M, = M,,
M,,,M,, M,==M’,, and M, € M* (), M

= M:, M;, ey M,I, the probability of reaching M,
by sending the existing messages from M, is

P! (M, ,M,) =

tar

!
HPiar(Mi’Mi,) (9)
i=1

P ,
We write M ,—>, M, .

Proof. The proof follows by induction on the
structure of composite membranes M,, M,, -+, M,
and by applying Definition 6.

Remark 3. If not all M, are tar-irreducible, then
P, (M,)

tar

= H {P;,,(M,) | M, is not tar-irreducible}
i<
(10)

Now we can define the parallel communication rela-

tion — >, or by the following inference rules:

For each tar-irreducible M,, -+, M, € st * (II),
label L, and multisets w such that here (w )7 emp-
ty or L % Skin N\ out (w)# empty, or there exists
i =1, n with in; 4, (w)out (w(M;)) Fempty, or
here(w(M,))Fempty,

(c)

P( ’
(L) wiMy, -, > m<L | w’ Ml,“' M, Y
where P, (M, M) is defined as in (8), M and M’

are on the left and right hand sides of the rule conclu-
sion, w’ = obj (w) here (w) out (w (M,)) -

out(w(M,)) and w(M:) = obj (w(M:))here .
(w(M,-,))inL(M’)(w), forall i=1,n.

Foreach M, = M,, -

*(II), multiset w, and label L,
P?

WM, 1\/1'+ = M;, e M

n

’

M, M “"m /,"-,M"
() : S
(L1 wiM,,, M, m,(L\w;M,l/,"',Mb
where
P, (M,M") = P. (w)P, (M,M")

M and M” are on the left and right hand side of the

rule conclusion
w” = obj(w)here(w)out (w(M,))out (w(M.))
w(M,) = obj(w(M:))here(w(M;))in,_(M'_)(w),
for all i=1,_n.

For each multiset w such that here(w)out (w)
Zem pty,

(Gy)

(Skin | w) ,a,<Skm | obj (w)here(w))
where P, (M, M') = P ik,m('w), and M = {Skin |
w) and M’ = (Skin | obj (w)here(w)).

For each M, M" € M (II), and tar-irreducible
M, €' (1),

M Pl‘u" 7
(c,) — arM
M,M,—>, M, M,
where P, ((M, M,), (M', M,)) = P, (M,
M).
For each ME M(IT), M, € 1 ' (II),
Pc ’M M ;;r ’
(CS) " P rM+
M, M+ IarM,’M+
wherer,((M M.,), (M, M. ))=P (M, M)
(M),

lar
2.3 Probabilistic transition system for a P system

Let IT be a membrane system. The probabilistic
operational semantics of II corresponds to a transition
system where states are ‘identified with configura-

. b4 e L .
tions. Let (C(II), —) be the probabilistic transi-
tion system associated to II, and C,, C,€ C(II) be
two configurations of the probabilistic transition sys-

.. ? .
tem. The transition — can be seen as a union of
P

mpr Par
—

mprs —wr and —>5. The probability to reach C,
from C, is computed using conditional probabilities.
Let define the following events:

A = {reaching C; starting from C, by applying

I
—)mpr % 5 and

B = {reaching C, starting from C, by applying
)4

iﬂri‘
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Then the probability to reach C, from C, is giv-
en by

P(C,,C,)= P(A and B) = P(B | A)P(A)
P:ar(c;’CZ)P:npr(Cl’cl)’

where C, € C*(II) and C,€ C(II).

I

Since the rules from each membrane are applied
in a maximal parallel way, the cumulative probability
could be greater than 1 or could be approximately 0.
For that we have to do a normalization in order to ob-
tain probabilistic and nondeterministic system. Let

C,,, s Cy, be the states that can be reached from
C,. Then, the probability to reach a state Cy; is:
P(C,,C,)
p = P(C,,Cy;) = P
2 P(C,Cy)

i=1

Since we get a probabilistic transition system,
we can apply the existing methods for formal verifica-
tion of probabilistic P systems”' 2] In order to ana-
lyze a probabilistic model which has been specified, it
is necessary to identify one or more properties of the
model which can be evaluated by a tool. While some
properties can be studied in a non-probabilistic set-
ting, others, such as system performance and reliabil-
ity, steady-state analysis, and so on, require a proba-
bilistic description of the system. As tools of verifica-
tion we can use PRISM!3, a probabilistic model-
checker is available at http:// www. cs. bham. ac.
ule/ ~ dxp/prism. Typically for expressing the prop-
erties checked by PRISM we use a temporal logic.

3 Conclusion and further work

In this paper we defined the probabilistic opera-
tional semantics of a P system by adding probabilities
at the level of rules and targets. Essentially, we ex-
tend with probabilities the abstract syntax and the
structural operational semantic of P system given in
[1]. A specific feature of this approach is given by
the combinatorial nature of these probabilities. The
way of adding and computing the probabilities of a
membrane system extends the method presented in
[2] for a dynamical probabilistic P systems, where
the probabilities associated to rules change during the
evolution of the system.

Some attempts to address these topics in mem-
brane computing have been reported. One is in [3],
where M. Madhu defines a variant of P systems
called probabilistic rewriting P systems, where the

selection of rewriting rules is probabilistic. The au-
thor shows that, with nonzero cut-point, probabilistic
rewriting P systems with/without priorities generate
only finite languages, but with zero cut-point and
without priorities, probabilistic rewriting P systems
of degree 1 characterize the family of languages gener-
ated by matrix grammars.

A different approach is chosen in [9], where
stochastic P systems are introduced by starting from
stochastic Petri nets, and randomized P systems are
used to implement randomized algorithms which can
solve hard problems in linear time with a high enough
probability, sub-exponential
workspace. Obtulowicz discusses in [4] various ways
of associating probabilities in membrane computing:
to single objects, to multiplicities of objects (hence to
multisets), to rules { depending or not on the previous
applied rules), to the communication targets.

making use of a

Interesting applications of the probabilistic P
systems can be in describing biological processes.
Such an approach is presented in [5]. The probabilis-
tic P systems can also model various aspects in econo-
my, as it is already suggested in [6].

There exist many variants and classes of P sys-
tems; many of them are introduced in [8]. We in-
tend to study the probabilistic approach of some inter-
esting classes of P systems. We also work to a proba-
bilistic simulator P system based on the syntax and
semantic of the P system given in this paper. The aim
is to get some interesting results, and good graphical
representations for the behaviour of a probahilistic P
system. For example, we can compute the probability
that a certain object is present in a specified configu-
ration.
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