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Abstract. In this short paper one overviews the two years development
of kernel P systems (kP systems for short), a basic class of P systems
combining features of different variants of such systems. The definition
of kP systems is given, some examples illustrate various features of the
model and the most significant results are presented.

1 Introduction

Membrane computing, a branch of natural computing, is a well-established body
of research and many models have been introduced and studied [5, 6]. Such mod-
els are called P systems and many variants have been considered. The concept
of kernel P system (kP system) has ben introduced in [2] in order to include the
most used concepts from P systems into a single, coherent setting which allows
various solutions to a certain problem to be specified, compared and formally
verified.

Kernel P systems use a graph-like structure (like the so called, tissue P
systems) of the model, with a set of symbols, labels of membranes, and rules of
various types. The rules selected against the multiset of objects available in each
compartment are executed in accordance with well-defined execution strategies.
These rules are responsible for either transforming and moving objects between
compartments or for changing the structure of the model.

The model has been revised in [3] and is now equipped with a specification
language, called kP-lingua, allowing a problem to be specified and then auto-
matically translated into a model-checker that helps verifying its correctness.
A software platform, called kPWorkbench, supports the kP-lingua verification
process [8].

We first introduce some preliminary definitions, then present some exam-
ples and results, and end this paper with a brief description of the kP-lingua
specification language.
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2 Definitions, Examples and Main Results

We consider that standard concepts like strings, multisets, rewriting rules, and
computation are well-known and point to [6] as a reference in this respect. First
we introduce the key concept of a compartment.

Definition 1. T is a set of compartment types, T = {t1, . . . , ts}, where ti =
(Ri, σi), 1 ≤ i ≤ s, consists of a set of rules, Ri, and an execution strategy, σi,
defined over Lab(Ri), the labels of the rules of Ri.

The compartments introduced by the definition of the kP systems will be
instantiated from the compartment types defined above.

Definition 2. A kernel P (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 struc-
ture, which is a graph, (V,E), where V are vertices indicating components, and
E edges; Ci = (ti, wi), 1 ≤ i ≤ n, is a compartment of the system consisting of
a compartment type from T and an initial multiset, wi over A; io is the output
compartment where the result is obtained.

The inner part of each compartment is called region, which is delimited by a
membrane.

Each rule r may have a guard g, its generic form is r {g}. The rule r is
applicable to a multiset w when its left hand side is contained into w and g
is true for w. In the sequel we will analyse how the guards are specified and
evaluated. The guards are constructed using multisets over A and relational and
Boolean operators – like Boolean expressions. Before presenting the definition
we introduce some notations.

For a multiset w over A and an element a ∈ A, we denote by #a(w) the
number of a′s occurring in w. Let Rel = {<,≤,=, 6=,≥, >} be the set of rela-
tional operators, γ ∈ Rel, a relational operator, an a multiset and r {g} a rule
with guard g.

Definition 3. If g is the abstract relational expression γan and the current
multiset is w, then the guard denotes the relational expression #a(w)γn. The
guard g is true for the multiset w if #a(w)γn is true.

Let us consider the Boolean operators ¬ (negation), ∧ (conjunction) and
∨ (disjunction), listed w.r.t. decreasing precedence order. Abstract relational
expressions can be connected by Boolean operators generating abstract Boolean
expressions.

Definition 4. If g is the abstract Boolean expression and the current multiset
is w, then the guard denotes the Boolean expression for w, obtained by replacing
abstract relational expressions with relational expressions for w. The guard g is
true for the multiset w when the Boolean expression for w is true.
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Definition 5. A guard is: (i) one of the Boolean constants true or false; (ii)
an abstract relational expression; or (iii) an abstract Boolean expression.

Example 1. If the rule is r : ab → c {≥ a5∧ ≥ b5 ∨ ¬ > c}, then this can be
applied iff the current multiset, w, includes the left hand side of r, i.e., ab and
the guard is true for w - it has at least 5 a′s and 5 b′s or no more than a c.

Definition 6. A rule from a compartment Cli = (tli , wli) 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 2 – 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, tj, refers to a compartment type that has more than one instance
connected to li, then one of them will be non-deterministically chosen;

– (b) structure changing rules; the following types are considered:

• (b1) membrane division rule: [x]tli → [y1]ti1 . . . [yp]tip {g},
where x ∈ A+ and yj has the form yj = (aj,1, tj,1) . . . (aj,hj

, tj,hj
) like

in rewriting and communication rules; the compartment li will be re-
placed by p compartments; the j-th compartment, instantiated from the
compartment type tij contains the same objects as li, but x, which will
be replaced by yj; all the links of li are inherited by each of the newly
created compartments;

• (b2) membrane dissolution rule: []tli → λ {g};
the compartment li will be destroyed together with its links;

• (b3) link creation rule: [x]tli ; []tlj → [y]tli − []tlj {g};
the current compartment is linked to a compartment of type tlj and x is
transformed into y; if more than one instance of the compartment type
tlj exists then one of them will be non-deterministically picked up; g is a
guard that refers to the compartment instantiated from the compartment
type tl1 ;

• (b4) link destruction rule: [x]tli − []tlj → [y]tli ; []tlj {g};
is the opposite of link creation and means that the compartments are
disconnected.

Input-output rules considered in [2] will be expressed as rewriting and
communication rules.

2.1 kP System Execution Strategy

In kP systems the way in which rules are executed is defined for each compart-
ment type t from T – see Definition 1. As in Definition 1, Lab(R) is the set of
labels of the rules R.
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Definition 7. For a compartment type t = (R, σ) from T and r ∈ Lab(R),
r1, . . . , rs ∈ Lab(R), the execution strategy, σ, is defined by the following:

– σ = λ, means no rule from the current compartment will be executed;
– σ = {r} – the rule r is executed;
– σ = {r1, . . . , rs} – one of the rules labelled r1, . . . , rs will be chosen non-

deterministically and executed; if none is applicable then none is executed;
this is called alternative or choice;

– σ = {r1, . . . , rs}∗ – the rules are applied an arbitrary number of times
( arbitrary parallelism);

– σ = {r1, . . . , rs}> – the rules are executed according to maximal parallelism
strategy [6];

– σ = σ1& . . .&σs, means executing sequentially σ1, . . . , σs, where σi, 1 ≤ i ≤
s, describes any of the above cases, namely λ, one rule, a choice, arbitrary
parallelism or maximal parallelism; if one of σi fails to be executed then the
rest is no longer executed;

– for any of the above σ strategy only one single structure changing rule is
allowed.

The result of a computation will be the number of objects collected in the
output compartment. For a kP systems kΠ, the set of all these numbers will be
denoted by M(kΠ).

2.2 kP System Examples

In this section we illustrate the newly introduced P system model with some
examples.

Example 2. Let us consider the set of component types
T = {t1, t2, t3}, where t1 = (R1, σ1), t2 = (R2, σ2), t3 = (R3, σ3), with
R1 = {r1 : a→ a(b, 2)(c, 3) {≥ p}; r2 : p→ p; r3 : p→ λ}, and σ1 = Lab(R1)>,
R2 = {r1 : b→ (b, 0)c {≥ p}; r2 : p→ p; r3 : p→ λ}, and σ2 = Lab(R2)>,
R3 = ∅ and σ3 = Lab(R3)>.
A kP system with n = 4 compartments is kΠ1 = (A,µ,C1, . . . , C4, 1), where
A = {a, b, c, p}, C1 = (t1, w1,0), C2 = (t2, w2,0), C3 = (t2, w3,0), C4 = (t3, w4,0);
with w1,0 = a3p, w2,0 = w3,0 = p, w4,0 = λ;
µ is given by the graph with nodes {C1, C2, C3, C4} and edges {C1, C2}, {C1, C3},
{C1, C4}.

One can note that we do not use targets for objects meant to stay in the
current compartment (i.e., we have r1 : a → a(b, 2)(c, 3) {≥ p} instead of r1 :
a → (a, 1)(b, 2)(c, 3) {≥ p}). The rule r1 in R2 simulates an input/output rule
[2] which is meant to bring a c from the environment (0) and to send out a b
instead.

In this example there are only rewriting and communication rules; some rules
have a guard, ≥ p, others do not have any and in each compartment the rules
are applied in maximal parallel way in every step, as indicated by σj , 1 ≤ j ≤ 3.
As two instances of the compartment type t2, C2, C3, appear in the system,
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when the rule r1 from the compartment C1 is applied, the object b goes non-
deterministically to one of the two compartments labelled 2 (from t2) as long as
p remains in compartment C1; object c goes always to the compartment C4, of
type t3.

The initial configuration of kΠ1 is M0 = (a3p, p, p, λ). The only applicable
rules are r1, r2 and r3 from C1 and r2, r3 from C2, C3. If r1, r2 are chosen in C1

and r2 in C2, C3, then a3p is rewritten by r1, r2 in C1 and p in C2, C3 by r2;
then three a′s stay in C1, three b’s go non-deterministically to C2, C3, three c’s
go to compartment C4, and each p in C2, C3 stays in its compartment. Let us
assume that two of them go to C2 and one to C3. Hence, the next configuration is
M1 = (a3p, b2p, bp, c3). If in the next step the same rules are applied identically
in the first compartment, C1, and rules r1, r2 are used in C2 and r1, r3 in C3,
then the next configuration is M2 = (a3p, b2c2p, bc, c6). If now r1, r3 are used
in C1, with r1 used in the same way and r1, r3 in C2 (no rule is available in
C3) then M3 = (a3, b2c4, b2c, c9); this is a final configuration as there is no p to
trigger a further step.

Example 3. Let us reconsider the example above enriched with rules dealing
with the system’s structure. First the set T will be replaced by T ′ = {t1, t′2, t3},
where t′2 = (R′2, σ

′
2), with R′2 = R2 ∪ Rstr

2 and σ′2 = Lab(R2)>&Lab(Rstr
2 ). We

can notice that σ′2 tells us that first the rewriting and communication rules are
applied in a maximal parallel manner and then one of system’s structure rules is
chosen to be executed. The set Rstr

2 denotes the set of membrane division rules
for t′2, i.e., Rstr

2 = {r4 : []2 → []2[]2 {≥ b2∧ ≥ p}}. The new kP system, denoted
kΠ2, will have the following four compartments:
C1 = (t1, w1,0), C ′2 = (t′2, w2,0), C ′3 = (t′2, w3,0), C4 = (t3, w4,0).

If the system follows the same pathway as kΠ1 then M2 shows a different
configuration given that in C ′2 after applying R2 in a maximal parallel manner,
Rstr

2 is applied as indicated by σ′2, when the guard of r4 is true. The compartment
C ′2 is divided into two compartments, C2,1, C2,2, instantiated from the same
compartment type t2, with the content of C ′2 and appearing on positions 2 and 3
in the new configuration, M ′2 = (a3p, b2c2p, b2c2p, bc, c6); the new compartments,
C2,1, C2,2, are linked to compartment C1. Compartment C ′3 is not divided as the
guard of r4 is not true for its current multiset. In the next step both C2,1, C2,2

are divided as they contain the guard triggering the membrane division rule r4.
The process will stop when either p will be rewritten to λ or b2 stops coming to
these compartments.

Remark 1. If we aim to dissolve one of the compartments instantiated from t2,
once a certain condition is true, for instance {≥ b2∧ ≥ c2∧ ≥ p}, then one
more rule will be added to Rstr

2 , namely r5 : []2 → λ {≥ b2∧ ≥ c2∧ ≥ p}. The
expression σ′2 remains the same, but in this case Rstr

2 contains two elements and
at most one is applied at each step, in every compartment with label 2. For this
reason σ′2 can also be written as Lab(R2)>&Lab(Rstr

2 ).
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2.3 Neural-like P Systems and P Systems with Active Membranes
versus kP Systems

In order to prove how powerful and expressive kP systems are, we will show how
two of the most used variants of P systems are simulated by kP systems. More
precisely, we will show how neural-like P systems and P systems with active
membranes are simulated by some reduced versions of kP systems. These results
below are from [3].

Definition 8. A neural-like P system (tissue P system with states) of degree n
is a construct Π = (O, σ1, ...σn, syn, i0) ([5], p. 249), where:

– O is a finite, non-empty set of objects, the alphabet;
– σi = (Qi, si,0, wi,0, Ri), 1 ≤ i ≤ n, represents a cell and
• Qi is the finite set of states of cell σi;
• si,0 ∈ Qi is the initial state;
• wi,0 ∈ O∗ is the initial multiset of objects contained in cell σi;
• Ri is a finite set of rewriting and communication rules, of the form
sw → s′xygozout; when such a rule is applied, x will replace w in cell
σi, the objects from y will be sent to neighbouring cells, according to the
transmission mode (see Remark 2) and the objects from z will be sent
out into the environment; cell σi will move from state s to s′;

– syn ⊆ {1, ..., n} × {1, ..., n}, the connections between cells, synapses;
– i0 is the output cell.

Remark 2. We discuss here a special class of P systems introduced in Definition
8 that will help us to prove a first result.

1. For neural-like P systems, three processing modes are considered, called
“max”, “min”, “par”, and three transmission modes, namely “one”, “repl”,
“spread”. For formal definitions and other details we refer to [5].

2. We denote by simple neural-like P systems the class of P systems given by
Definition 8, where the rewriting and communication rules have the form
sw → s′x(a1, t1) · · · (ap, tp), where th, 1 ≤ h ≤ p, denotes the target cell
(σh), and processing mode “max”, transmission mode defined by the target
indications mentioned in each rule.

Notation. For a given P system, Π, the set of numbers computed by Π will
be denoted by M(Π).

Theorem 1. If Π is neural-like P system of degree n, then there is a kP system,
Π ′, of degree n and using only rules of type (a), rewriting and communication
rules, simulating Π and such that M(Π ′) ⊆M(Π) ∪ {2}.

We study now how P systems with active membranes are simulated by kP
systems. In this case we are dealing with a cell-like system, so the underlying
structure is a tree and a set of labels (types) for the compartments of the system.
The system will start with a number of compartments and its structure will
evolve. In the study below it will be assumed that the number of compartments
simultaneously present in the system is bounded.
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Definition 9. A P system with active membranes of initial degree n is a tuple
(see [6], Chapter 11) Π = (O,H, µ,w1,0, . . . , wn,0, R, i0) where:

– O, w1,0, . . . , wn,0 and i0 are as in Definition 8;

– H is the set of labels for compartments;

– µ defines the tree structure associated with the system;

– R consists of rules of the following types

• (a) rewriting rules: [u → v]eh, for h ∈ H, e ∈ {+,−, 0} (set of electrical
charges), u ∈ O+, v ∈ O∗;

• (b) in communication rules: u[]e1h → [v]e2h , for h ∈ H, e1, e2 ∈ {+,−, 0},
u ∈ O+, v ∈ O∗;

• (c) out communication rules: [u]e1h → []e2h v, for h ∈ H, e1, e2 ∈ {+,−, 0},
u ∈ O+, v ∈ O∗;

• (d) dissolution rules: [u]eh → v, for h ∈ H \ {s}, s denotes the skin
membrane (the outmost one), e ∈ {+,−, 0}, u ∈ O+, v ∈ O∗;

• (e) division rules for elementary membranes: [u]e1h → [v]e2h [w]e3h , for h ∈
H, e1, e2, e3 ∈ {+,−, 0}, u ∈ O+, v, w ∈ O∗;

The following result shows how a P system with active membranes starting
with n1 compartments and having no more than n2 simultaneously present ones
can be simulated by a kP system using only rules of type (a).

Theorem 2. If Π is a P system with active membrane having n1 initial com-
partments and utilising no more than n2 compartments at any time, then there
is a kP system, Π ′, of degree 1 and using only rules of type (a), rewriting and
communication rules, such that Π ′ simulates Π.

2.4 Solving 3-Col Problem

Many variants of P systems have been considered for solving NP-complete prob-
lems in an efficient way. We show now how one such problem, the 3-colouring
(3-Col) problem, can be solved using kP systems. Another NP-complete prob-
lem, the partition problem, has been already solved using kP systems [3, 7]. The
3-Col problem has been already solved in linear time by recogniser tissue P sys-
tems with cell division and symport/antiport rules [1]. A solution for the 3-Col
problem by using kP systems has been provided in [4]. Here we just reproduce
this solution.

Theorem 3. The 3-Col problem for a graph with n, n ≥ 2, nodes can be solved
by a kP system with two types of compartments, two initial compartments, n(n−
1)/2+7n+10 objects, 2n division rules and 2n+7 rewriting and communication
rules. An answer to whether a solution exists or not is obtained in at most 2n+3
steps using maximum 3n + 1 compartments.
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3 Specification Language for kP Systems

The specification language allows to describe problems and then, by using kp-
Workbench, one can simulate and verify them. The language uses two key con-
cepts:

1. Type definitions - encompassing the instruction set, organised in accordance
with the type’s associated execution strategy.

2. Instance definitions and interlinking - establish the set of compartments and
related connections, assembling the graph-like structure of comprtments.

A type is declared using the keyword type followed by the name of the type.
The body of a type declaration consists of a succession of guarded rules or rule
ensembles (choice, arbitrary execution and maximal parallel execution blocks)
as specified in the type’s execution strategy. A rule is represented as a guarded
transition, symbolised by an arrow, between two terms. We illustrate the syntax
of a type definition and its constituents with a simple example:

Example 4. A type definition in kP–Lingua.

type C1 {

2a, 3b -> c .

>= 2c & > 2b : b, c -> a .

choice {

b -> 2b .

< 3b : b -> 3b .

}

max {

a -> a, a(C2), {a, 2b}(C3) .

}

= 5a : a -> [3a, 3b](C1) [3b](C2) [3a](C3) .

}

In this example we define type C1 with the following sequence of rules: a
rewriting rule which takes two a objects and three b objects and produces a
c; a guarded rewriting rule which yields an object a if and only if there are at
least two c’s and more than two b’s in the compartment the rule is applied on;
next we have a choice block with two rewriting rules of which one is guarded,
followed by a maximally parallel block where the rewrite communication rule is
exhaustively executed, producing an object a inside the membrane and sending
an object a to compartments of type C2, one a and two b’s to membranes of
type C3 respectively; finally, a guarded membrane division rule takes one object
a and divides the compartment into three distinct compartments of types C1,
C2, C3 respectively, if the number of a’s in the membrane is precisely five.
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of Tissue P Systems with Cell Division Solving 3-COL in a Linear Time, Theoretical
Computer Science, 404, 76 – 87, 2008.

2. M. Gheorghe, F. Ipate, C. Dragomir, Kernel P Systems. In Membrane Computing,
Tenth Brainstorming Week, BWMC 2012, Sevilla, Spain, February 2012, M. A.
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