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Department of Computer Science, University of Bucharest

Str. Academiei 14, 010014, Bucharest, Romania and

Department of Mathematics and Computer Science, University of Piteşti
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ABSTRACT

Kernel P systems have been introduced with the aim of unifying different variants of
P systems. They provide a coherent framework for specifying and solving a broad
spectrum of problems. The tools built so far have aimed to formally verify systems
modelled as kernel P systems, but the simulators obtained are not very efficient. In this
paper we show how to translate a class of kernel P systems into communicating stream
X-machines, the model underlying the agent-based platform FLAME. This allows us
to automatically translate kernel P systems into FLAME code, which is proved to be
scalable and robust.
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1. Introduction

Membrane computing studies computational models, called P systems, inspired by
the functioning and structure of the living cell. Since their introduction by Gheorghe
Păun in [15], P systems have have been intensely studied [16, 17]. In particular, many
variants of P systems have been introduced and investigated in terms of computational
power and their capability to solve computationally hard problems [17]. Furthermore,
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in recent years, significant progress has been made in using various types or classes of
P systems to model and simulate systems and problems from many different areas [3].
However, in many cases, the specifications developed required the ad-hoc addition of
new features, not provided in the initial definition of the given P system class. While
allowing more flexibility in modelling, this has led to a plethora of P system variants,
with no coherent integrating view, and sometimes even confusion with regard to what
variant or functioning strategy is actually used. The concept of kernel P system

(kP system) [7, 8] has been introduced as a response to these problems. It integrates
in a coherent and elegant manner many of the P system features most successfully
used for modelling various applications and, thus, provides a framework for analyzing
these models formally. The expressive power and efficiency of the newly introduced
kP systems have been illustrated in a number of case studies involving NP-complete
problems [9].

Originally introduced by Eilenberg [5], X-machines have been proposed by Hol-
combe as a specification language [10]. They combine a finite state machine-like
control with data structures and operations, thus sharing the benefits of both these
worlds. The most studied class of X-machines are those which, at each step, pro-
cess an input symbol and produce in response an output symbol. These are called
stream X-machines [11]. One of the main benefits of using a stream X-machine as
a specification language is its associated testing method: under well-defined condi-
tions, this guarantees that an implementation that passes the tests will conform to
the specification. In order to specify distributed systems, several variants of commu-
nicating stream X-machines have been produced, most notably, the ones defined in [2]
and [12]. Communicating stream X-machines are at the basis of FLAME [19] (Flexible
Large-Scale Agent Modelling Environment), a platform for agent-based modelling on
parallel architectures, successfully used in various applications ranging from biology
to macroeconomics.

For various research purposes previous attempts have been made to either combine
generative devices with X-machines - grammar systems and X-machines [6], membrane
systems and X-machines [18] - or translate some basic variants of P systems into
X-machines [1] or vice-versa [14].

In this paper we show how the behaviour of a class of kernel P systems using
only rewriting and communication rules can be simulated by communicating stream
X-machine systems. An implementation of such X-machine systems in FLAME will
also be briefly discussed.

2. The Main Concepts and Definitions

The key concepts used in the paper, communicating stream X-machines and kernel P
systems, are introduced in this section.

2.1. Communicating X-machines and FLAME

In this subsection we define the concepts of stream X-machine and communicating
stream X-machine and discuss their relationship with FLAME [19]. The definitions
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in this subsection are largely from [12]. We assume the reader is familiar with usual
notations from formal languages and finite automata domain.

A stream X-machine is like a finite state machine in which the transitions are
labelled by (partial) functions (called processing functions) instead of mere symbols.
The machine has a memory (that represents the domain of the variables of the system
to be modelled) and each processing function will read an input symbol, discard it
and produce an output symbol while (possibly) changing the value of the memory.

Definition 1 A Stream X-Machine (SXM for short) is a tuple

Z = (Σ, Γ, Q, M, Φ, F, I, T, m0),

where:

• Σ and Γ are finite sets called the input alphabet and output alphabet respectively;

• Q is the finite set of states;

• M is a (possibly) infinite set called memory;

• Φ is the type of Z, a finite set of function symbols. A basic processing function

φ : M × Σ −→ Γ×M is associated with each function symbol φ.

• F is the (partial) next state function, F : Q× Φ 7→ 2Q. As for finite automata,
F is usually described by a state-transition diagram.

• I and T are the sets of initial and terminal states respectively, I ⊆ Q, T ⊆ Q;

• m0 is the initial memory value, where m0 ∈M ;

• all the above sets, i. e., Σ, Γ, Q, M , Φ, F , I, T , are non-empty.

It is sometimes helpful to think of an X-machine as a Finite Automaton (FA for
short) with the arcs labelled by function symbols from the type Φ. The automaton
AZ = (Φ, Q, F, I, T ) over the alphabet Φ is called the associated FA of Z. The
automaton AZ is deterministic if the machine has only one initial state and F maps
each state/processing relation pair into at most one single state, i. e., I = {q0} and
F : Q× Φ −→ Q.

Definition 2 We define a configuration of a SXM by (m, q, s, g), where m ∈ M ,
q ∈ Q, s ∈ Σ∗, g ∈ Γ∗. An initial configuration will have the form (m0, q0, s, ε), where
m0 is as in Definition 1, q0 ∈ I is an initial state, and ε is the empty word. A final
configuration will have the form (m, qf , ε, g), where qf ∈ T is a terminal state.

Definition 3 A change of configuration, denoted by `, (m, q, s, g) ` (m′, q′, s′, g′), is
possible if s = σs′ with σ ∈ Σ, g′ = gγ with γ ∈ Γ and there exists φ ∈ Φ such that
q′ ∈ F (q, φ) and φ(m, σ) = (γ, m′). A change of configuration is called a transition of
a SXM.

We denote by `∗ the reflexive and transitive closure of ` .

A number of communicating SXMs variants have been defined in the literature. In
what follows we will be presenting the communicating SXM model as defined in [12]
since this is the closest to the model used in the implementation of FLAME [19] (there



242 I. M. NICULESCU, M. GHEORGHE, F. IPATE, A. STEFANESCU

are however, a few differences that will be discussed later). The model defined in [12]
appears to be also the most natural of the existing models of communicating SXMs
since each communicating SXM is a standard SXM as defined by Definition 1. In this
model, each communicating SXM has only one (global) input stream of inputs and
one (global) stream of outputs. Depending on the value of the output produced by a
communicating SXM, this is placed in the global output stream or is processed by a
SXM component. By contrast, the models defined in [2] and [13] separate the standard

input and output streams, used in the communication with the environment, and
communicating input and output streams, used in the communication between SXM
components. Thus, the definitions of the processing functions are modified accordingly
and no longer match the definition of a standard SXM as given in Definition 1.
Additionally, in [2], the communication between SXM components is handled using a
communication matrix, which is also used in the definition of the processing functions.

The following definitions are largely from [12].

Definition 4 A Communicating Stream X-Machine System (CSXMS for short) with
n components is a tuple Sn = ((Zi)1≤i≤n, E), where:

• Zi = (Σi, Γi, Qi, Mi, Φi, Fi, Ii, Ti, mi,0) is the SXM with number i, 1 ≤ i ≤ n.

• E = (eij)1≤i,j≤n is a matrix of order n × n with eij ∈ {0, 1} for 1 ≤ i, j ≤ n,

i 6= j and eii = 0 for 1 ≤ i ≤ n.

A CSXMS works as follows:

• Each individual Communicating SXM (CSXM for short) is a SXM plus an im-
plicit input queue (i. e., of FIFO (first-in and first-out) structure) of infinite
length; the CSXM only consumes the inputs from the queue.

• An input symbol σ received from the external environment (of FIFO structure)
will go to the input queue of a CSXM, say Zj , provided that it is contained in
the input alphabet of Zj . If more than one such Zj exist, then σ will enter the
input queue of one of these in a non-deterministic fashion.

• Each pair of CSXMs, say Zi and Zj , have two FIFO channels for communication;
each channel is designed for one direction of communication. The communica-
tion channel from Zi to Zj is enabled if eij = 1 and disabled otherwise.

• An output symbol γ produced by a CSXM, say Zi, will pass to the input queue
of another CSXM, say Zj , providing that the communication channel from Zi

to Zj is enabled, i. e. eij = 1, and it is included in the input alphabet of Zj,

i. e. γ ∈ Σj . If these conditions are met by more than one such Zj , then γ

will enter the input queue of one of these in a non-deterministic fashion. If no
such Zj exists, then γ will go to the output environment (of FIFO structure).

• A CSXMS will receive from the external environment a sequence of inputs
s ∈ Σ∗ and will send to the output environment a sequence of outputs g ∈ Γ∗,

where Σ = Σ1∪· · · ∪Σn, Γ = (Γ1 \ In1)∪· · · ∪ (Γn \ Inn), with Ini = ∪k∈Ki
Σk,

and Ki = {k | 1 ≤ k ≤ n, eik = 1}, for 1 ≤ i ≤ n.
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Definition 5 A configuration of a CSXMS Sn has the form z = (z1, . . . , zn, s, g),
where:

• zi = (mi, qi, αi, γi), 1 ≤ i ≤ n, where mi ∈ Mi is the current value of the
memory of Zi, qi ∈ Qi is the current state of Zi, αi ∈ Σ∗

i is the current contents
of the input queue and γi ∈ Γ∗

i is the current contents of the output of Zi;

• s is the current value of the input sequence;

• g is the current value of the output sequence.

Definition 6 An initial configuration has the form z0 = (z1,0, z2,0, . . . , zn,0, s, ε),
where zi,0 = (mi,0, qi,0, ε, ε), with qi,0 ∈ Ii. A final configuration has the form
zf = (z1,f , z2,f , . . . , zn,f , ε, g), where zi,f = (mi, qi,f , αi, γi), with qi,f ∈ Ti.

Passing from a configuration z to a new configuration z′ supposes that at least one
of the X-machines changes its configuration, i. e., a processing function is applied.

Definition 7 A change of configuration of a CSXMS Sn, denoted by |=,

z = (z1, . . . , zn, s, g) |= z′ = (z′1, . . . , z
′
n, s′, g′),

with zi = (mi, qi, αi, γi) and z′i = (m′
i, q

′
i, α

′
i, γ

′
i), is possible if one of the following is

true for some i, 1 ≤ i ≤ n:

1. (m′
i, q

′
i, α

′
i, γ

′
i) = (mi, qi, αiσ, ε), with σ ∈ Σi; z′k = zk for k 6= i; s = σs′, g′ = g;

2. (mi, qi, σαi, γi) ` (m′
i, q

′
i, α

′
i, γ) with σ ∈ Σi, γ ∈ (Γi \ Ini); z′k = zk for k 6= i;

s′ = s, g′ = gγ;

3. (mi, qi, σαi, γi) ` (m′
i, q

′
i, α

′
i, γ) with σ ∈ Σi ∪ {ε}, γ ∈ (Γi ∩ Σj) ∪ {ε} for some

j 6= i such that eij = 1; (m′
j , q

′
j , α

′
j , γ

′
j) = (mj , qj , αjγ, ε); z′k = zk for k 6= i and

k 6= j; s′ = s, g′ = g;

A change of configuration is called a transition of a CSXMS.

The three types of transitions above are called: input transitions (1), output tran-

sitions (2) and internal transitions (3). These are denoted by |=inp, |=out, |=int, re-
spectively.

We denote by |=∗ the reflexive and transitive closure of |= .
The correspondence between the input sequence applied to the system and the

output sequence produced gives rise to the relation computed by the system, as defined
next.

Definition 8 The relation computed by a CSXMS, fSn
: Σ ←→ Γ is defined by:

s fSn
g if there exists z0 = (z1,0, . . . , zn,0, s, ε) and zf = (z1,f , . . . , zn,f , ε, g) an initial

and final configuration, respectively, such that z0 |=
∗ zf and there is no other con-

figuration z such that zf |= z. Such a sequence of transitions (i. e., z0 |=
∗ zf ) will be

called a complete sequence of transitions.

Note that the computation induced by fSn
will always start with an input transi-

tion.
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Remark 1 The implementation of FLAME use CSXMS such that: (i) the associated
FA of each CSXM has no loops; and (ii) the CSXMSs receive no inputs from the
environment, i. e., the inputs received are either empty inputs or outputs produced
(in the previous computation step) by CSXM components of the system.

Remark 2 We say that a CSXMS runs in a slow environment if inputs can be sent
from the environment to the system only in situations where the input queues of all
CSXMs are empty. It can be observed that in FLAME the CSXMS runs in a slow
environment.

2.2. Kernel P Systems

A kernel P system (kP system for short) is made of compartments placed in a graph-
like structure. A compartment Ci has a type ti = (Ri, ρi), ti ∈ T , where T represents
the set of all types, describing the associated set of rules Ri and the execution strategy
that the compartment may follow. Note that, unlike traditional P system models,
in kP systems each compartment may have its own rule application strategy. The
following definitions are largely from [8].

Definition 9 A kP system of degree n is a tuple kΠ = (A, µ, C1, . . . , Cn, i0), where

• A is a finite set of elements called objects ;

• µ defines the membrane structure, which is a graph, (V, E), where V are ver-
tices indicating components (compartments), and E edges, i. e., links between
components;

• Ci = (ti, wi,0), 1 ≤ i ≤ n, is a compartment of the system consisting of a
compartment type, ti, from T and an initial multiset, wi,0 over A; the type
ti = (Ri, ρi) consists of a set of rules, Ri, and an execution strategy, ρi;

• i0 is the output compartment where the result is obtained.

Each rule r may have a guard g denoted as r {g}. The rule r is applicable to a
multiset u when its left hand side is contained into u and g holds for u. The guards
are constructed using multisets over A and relational and Boolean operators. For
example, rule r : ac→ c {≥ a3∧ ≥ b2 ∨¬ > c} can be applied iff the current multiset,
w, includes the left hand side of r, i. e., ac and the guard holds for w: it has at least
3 a′s and 2 b′s or no more than a c. A formal definition may be found in [8].

Definition 10 A rule associated with a compartment type li can have one of the
following types:

(a) rewriting and communication rule: x→ y {g},
where x ∈ A+ and y has the form y = (a1, t1) . . . (ah, th), h ≥ 0, aj ∈ A

and tj indicates a compartment type from T – see Definition 9 – with instance
compartments linked to the current compartment; tj might indicate the type of
the current compartment, i. e., tli – in this case it is ignored; if a link does not
exist (the two compartments are not in E) then the rule is not applied; if a target
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tj refers to a compartment type that has more than one instance connected to li,
then one of them will be non-deterministically chosen; in the sequel the multiset
consisting of the symbols that are associated with target tli will be denoted by u

and the rule will be written as x → u(ai1 , ti1) . . . (aip
, tip

) {g}, where tij
6= tli ,

1 ≤ j ≤ p and 0 ≤ p ≤ h;

(b) structure changing rules; these may be membrane division, membrane dis-

solution, link creation or link creation rules. Since structural changes are not
considered in this paper, their formal definition is not given here. For details
the reader is referred to [8].

Each compartment can be regarded as an instance of a particular compartment

type and is therefore subject to its associated rules. Each compartment has also an
associated execution strategy. An execution strategy can be defined as a sequence
ρ = ρ1&ρ2& . . .&ρn, n ≥ 1, where ρi, 1 ≤ i ≤ n, associated with the set of rules Rt

denotes one of the following:

• r, a rule from the set Rt; if r is applicable, then it is executed, then advanc-
ing towards the next element, ρi+1; otherwise, the compartment’s execution
strategy, ρ, terminates here;

• (r1, . . . , rm), with ri ∈ Rt, 1 ≤ i ≤ m, symbolizes a non-deterministic choice
within a set of rules; one and only one applicable rule will be executed if such
a rule exists, otherwise ρi is simply skipped;

• (r1, . . . , rm)∗, with ri ∈ Rt, 1 ≤ i ≤ m, indicates the arbitrary execution of a
set of rules from Rt; the group can be executed zero or more times by non-
deterministically chosing any of the applicable rules;

• (r1, . . . , rm)>, ri ∈ Rt, 1 ≤ i ≤ m, represents the maximally parallel execution
of a set of rules.

An execution step in a compartment using the execution strategy ρ applied to a
multiset u and leading to v is denoted u =⇒ρ v.

Definition 11 A configuration of a kP system, kΠ, has the form w = (w1, . . . , wn),
where wi, 1 ≤ i ≤ n, is a multiset over A belonging to compartment Ci. A change of
configuration, denoted w = (w1, w2, . . . , wn) =⇒ w′ = (w′

1, w
′
2, . . . , w

′
n), holds when

wi =⇒ρi
w′

i, 1 ≤ i ≤ n. A change of configuration is called a computation step. The
reflexive and transitive closure of this relation is denoted =⇒∗.

As usual in many P systems we compute a multiset, w, starting from the initial
configuration, w0 = (w1,0, . . . , wn,0), of a kP system, kΠ, by applying =⇒∗, i. e.,
w0 =⇒∗ w. Finally the number of elements of the multiset is considered and N(kΠ)
denotes the set of these numbers.

3. Major Results

In the sequel, we show how the behaviour of kernel P systems using only rewriting and
communication rules can be simulated by communicating stream X-machine systems.
Before presenting the result we make some notations.
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The compartments of the kP system are using multisets over A, whereas the
CSXMS is dealing with strings. When w denotes a multiset over A then s(w) is
any of the strings obtained by concatenating the symbols occurring in w.

Theorem 1 For any kP system, kΠ, of degree n and using only rewriting and com-

munication rules there is a communicating stream X-machine system, Sn+1, with n+1
components such that for any multiset w computed by kΠ there is a complete sequence

of transitions in Sn+1 leading to s(w).

Proof. Let us consider a kP system of degree n, as introduced by Definition 9, and
using only rules of type (a) – see Definition 10, kΠ = (A, µ, C1, . . . , Cn, i0).

We build the following CSXMS – as introduced by Definition 4 – with n + 1 com-
ponents, Sn+1 = ((Zi,ti

)1≤i≤n, Zn+1, E
′). For each compartment, Ci = (ti, wi),

1 ≤ i ≤ n, a CSXM with number i and corresponding to type ti, is con-
sidered, Zi,ti

= (Σi, Γi, Qi, Mi, Φi, Fi, Ii, Ti, mi,0), 1 ≤ i ≤ n, and Zn+1 =
(Σn+1, Γn+1, Qn+1, Mn+1, Φn+1, Fn+1, In+1, Tn+1, mn+1, 0) is the CSXM with
number n+1. The CSXM Zi,ti

, 1 ≤ i ≤ n, will simulate the behaviour of the compart-
ment Ci and Zn+1 is built such that it helps synchronising the other n CSXMs. The
matrix E′ = (e′i,j)1≤i,j≤n+1 is defined such, e′i,j = 1, 1 ≤ i, j ≤ n, iff there is an edge
between i and j in the membrane structure of kΠ and e′i,n+1 = e′n+1,i = 1, 1 ≤ i ≤ n

(i. e., there are connections between any of the first n CSXMs and Zn+1, and vice-
versa).

The idea of the proof is the following: the relation computed by Sn+1, fSn+1
, is

defined by an initial step when Zn+1 reads the input σ0, the only symbol of the input
sequence, which goes into the input queue of this CSXM. This input will initialise each
of the Zi, 1 ≤ i ≤ n, CSXMs by sending [σ0, i] to it instead, which in turn will lead to
processing the strings corresponding to initial multisets, s(wi,0). For each computation
step in kΠ and every execution strategy ρi, 1 ≤ i ≤ n, the CSXMS Sn+1 will perform
a number of transitions. Finally, when the kP system stops the computation, and the
multiset w is obtained in Ci0 , then the CSXMS moves to a final state and the result
is sent out as an output sequence, s(w).

We show that if w0 = (w1,0, . . . , wn,0) =⇒∗ w = (w1, . . . , wi0 , . . . , wn), i. e.,
the multiset wi0 is computed by kΠ, then there is an initial configuration, z0 =
(z1,0, . . . , zn+1,0, s, ε), and a final configuration, zf = (z1,f , . . . , zn+1,f , ε, g), in the
CSXMS, Sn+1, such that z0 fSn+1

zf and s = σ0, g = s(wi0).

Definition of the CSXMS, Sn+1.

The components of Zi,ti
, 1 ≤ i ≤ n, are

– Σi = {[a, ti] | a ∈ A} ∪ {[σ0, i], [σ
′
0, i]};

– Γi = {[a, t] | a ∈ A, t ∈ T } ∪A ∪ {[1, i], [0, i]};
– Qi = {qi,j | 0 ≤ j ≤ 4} ∪ {qi,f};
– Mi = Si,1 × Si,2 × Si,3, where Si,1, j = 1, 2, are subsets of A∗,

Si,3 is a subset of (A ∪ {!} ∪A× T )∗;
– Φi = {Initi, Select rulei, Rewritei, Send symboli, Remove rulei, No rulei,

Bring comm symbi, Returni, Stopi} see below;
– Fi is given below; Ii = {qi,0}; Ti = {qi,f} and mi,0 = (s(wi,0), ε, ε).
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The set Φi0 contains also Outi0 .

Zn+1 consists of
– Σn+1 = {[a, i] | a ∈ {σ0, 1, 0}, 1 ≤ i ≤ n};
– Γn+1 = {[a, i] | a ∈ {σ0, σ

′
0}, 1 ≤ i ≤ n};

– Qn+1 = {qn+1,0};
– Mn+1 is a subset of {σ0, 0, 1}∗;
– Φn+1 = {Read inpn+1, Get 1 or 0n+1} ∪ {Initn+1,i, Signaln+1,i | 1 ≤ i ≤ n}

see below;
– Fn+1 is given below; In+1 = {qn+1,0}; Tn+1 = {qn+1,0} and mn+1,0 = σn

0 .

Initial step. The initial configuration is z0 = (z1,0, z2,0, . . . , zn+1,0, σ0, ε) with
zi,0 = (mi,0, qi,0, ε, ε), 1 ≤ i ≤ n + 1. The function Read inpn+1 from Φn+1 reads
the input σ0 and appends it to Zn+1 input queue. According to Definition 7, we have

z0 = (z1,0, . . . , zn,0, zn+1,0, σ0, ε) |=inp z1 = (z1,0, . . . , zn,0, zn+1,1, ε, ε),

where zn+1,1 = (mn+1,0, qn+1,0, σ0, ε). Now a function Initn+1,i, 1 ≤ i ≤ n,

from Φn+1 will send [σ0, i] to Zi. The following transition takes place

zh = (z1,h, . . . , zn+1,h, ε, ε) |= zh+1 = (z1,h, . . . , zi,h+1, . . . , zn+1,h+1, ε, ε),

where zi,h = ((s(wi,0), ε, ε), qi,0, ε, ε), zi,h+1 = ((s(wi,0), ε, ε), qi,0, [σ0, i], ε), zn+1,h =
(σk

0 , qn+1,0, ε, ε), zn+1,h+1 = (σk−1

0 , qn+1,0, ε, [σ0, i]). When k = 1, σ0 is replaced in
the memory of Zn+1 by σn

0 . Finally, in each CSXM, Zi,ti
, 1 ≤ i ≤ n, a function Initi

will start the computation by consuming [σ0, i] from the input queue and moving to
a state qi,1; the following change of configuration in Zi,ti

describes this computation
(mi,0, qi,0, [σ0, i], ε) ` (mi,0, qi,1, ε, ε).

Iterative step. We show now how a computation step in kΠ, wh = (w1,h, . . . , wn,h)
=⇒ wh+1 = (w1,h+1, . . . , wn,h+1), i. e., there is at least an execution strategy ρi,

1 ≤ i ≤ n, such that wi,h =⇒ρi
wi,h+1, leads to a sequence of transitions in CSXMS,

starting with CSXM, Zi,ti
, 1 ≤ i ≤ n, in configuration zi,h = ((s(wi,h), ε, ε), qi,1, ε, ε)

and Zn+1 in configuration zn+1,h = ((ε, ε), qi,0, ε, ε), and arriving with Zi,ti
, in con-

figuration zi,h+1 = ((s(wi,h+1), ε, ε), qi,1, ε, ε) and Zn+1 in configuration zn+1,h+1 =
zn+1,h. Initially, the first iterative step, h = 0, starts with the initial set of multi-
sets, w0.

Each iterative step consists of the following distinct stages: (i) Rule selection
and execution: in each CSXM, Zi, 1 ≤ i ≤ n, the rules defined by the execution
strategy ρi are selected one by one; each rule is executed in a number of sub-steps
and the objects that have to be communicated are kept in the input queues of the
target machines; after all the rules of the CSXM Zi are executed, a signal is sent to
Zn+1; (ii) Next step preparation: when at least one rule has been applied in a com-
ponent and all Zi have stopped then Zn+1 signals the beginning of the next iterative
step; (iii) Stop: when no rule is applicable, the process stops.

(i) Rule selection and execution. The following functions are involved in this stage.
We start with functions in Zi,ti

. The function Select rulei selects from ρi the next
rule to be executed; if more than one can be selected – the case of iteration – then
one is non-deterministically chosen; let it be denoted by r : x → u(a1, t1) . . . (ap, tp),
where x, u are multisets over A and aj ∈ A, 1 ≤ j ≤ p, and tj indicates the target
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type. Select rulei is updating the third component of the current memory with the
string corresponding to r and moves the machine to state qi,2; the new configuration
will become ((s(wi,h), ε, sr), qi,2, ε, ε), where sr = s(x)!s(u)!(a1, t1) . . . (ap, tp). One can
observe that substrings of sr are delimited by ! in order to allow further analysis.

The next function, Rewritei, rewrites x by u. If the current memory is
(s(wi,h), ε, sr), then Rewritei leads to (α, s(u), sr), where α is obtained from s(wi,h) by
removing the symbols occurring in x; the new configuration is ((α, s(u), sr), qi,3, βi, ε).
One can note that s(u) is kept in the second component of the memory and β is either
ε, as before, or a string of symbols sent by other CSXMs.

The function Send symboli will send the symbols ad to target td, 1 ≤ d ≤ p,

as [ad, td]. These symbols will be accepted only by Zj,td
associated with type td and

if there are more than one CSXMs then one is non-deterministically chosen. The con-
figuration of Zi,ti

is now (mi,h′′ , qi,3, βi, [ad, td]) and for Zj is (mj,h′′ , qj,k, βj [ad, td], ε).

Remove rulei is used to remove sr from memory and return to state qi,1, ready to
select a new rule.

When no rule is left to be selected then No rulei brings the machine to state
qi,4 and sends to Zn+1 the symbol [1, i]; when ρi is not applicable then [0, i] is sent
to Zn+1.

In state qi,4 the function Bring comm symbi brings symbols, one by one, from
the input queue, appending them to the second component of the memory, hence
((αi, βi, sr), qi,4, [a, ti]xi, ε) |= ((αi, βia, sr), qi,4, xi, ε).

The last function of this stage is from Zn+1, Get 1 or 0n+1, which receives through
the input queue either [1, i] or [0, i], 1 ≤ i ≤ n, from Zi,ti

and replaces the correspond-
ing σ0 from the memory by 1 or 0, depending on the current input; the function will
not change the state, qn+1,0.

(ii) Next step preparation. If the memory of Zn+1 contains at least one 1 then
Signaln+1,i, 1 ≤ i ≤ n, is used in order to replace 0 or 1 in position i of the current
memory by σ0 and sends [σ0, i] to Zi,ti

. This symbol arrives in the input queue after
all the communicating symbols have been processed.

A function Returni in Zi,ti
receiving [σ0, i] in state qi,4 will append the second

memory component to the first, and will return to qi,1 ready for a new iteration.

(iii) Stop. If the memory of Zn+1 contains only 0′s then Signaln+1,i, 1 ≤ i ≤ n,

will send [σ′
0, i] to Zi,ti

.

In each Zi,ti
a function Stopi will bring the CSXM to a final state qi,f .

For Zi0,ti0
there is another function Outi0 which will send the string from the first

memory component as an output sequence. This is the string representing the result
of the computation. 2

Remark 3 The above result can be easily extended to some other classes of kernel P
systems using structure changing rules. Membrane dissolution can be directly imple-
mented in the above proof by extending the memory with another component showing
whether the corresponding CSXM is active or dissolved. The link creation and link

destruction options can be introduced into the above proof by simply considering that
the matrix E′ can be changed during the computation such that edges are available
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or not at certain steps. Membrane division cannot be implemented in the current
framework as the structure of the system cannot be expanded.

Remark 4 The translation to FLAME using the method described in the proof of
Theorem 1 provides a better description of the basic types of execution strategies [20].
Some examples illustrate the results of some translations, as FLAME X-machines [20].

4. Conclusions

In this paper we have presented a result showing how a class of kernel P systems
using only rewriting and communication rules can be translated into a communi-
cating stream X-machine system and how this translation can be extended to some
other classes of kernel P systems using structure changing rules. An implementation
of the translator in FLAME, an agent-based environment using the communicating
stream X-machine model, is briefly discussed. More details about the translation into
FLAME, as well as examples and some initial experiments are shown at [20].

As future developments, we intend to provide a version of the translation process
which is closer to the FLAME model and to run experiments with both the ker-
nel P systems environment [7, 8] and the FLAME translator in order to assess the
performances of the translation mechanism and its FLAME simulator.
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