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Abstract. Nature inspired computational approaches have been on the
focus of researchers for several decades. Membrane computing [14] is one
of these paradigms that has recently been through significant develop-
ments leading to a broad spectrum of outcomes. The main computational
models are called membrane systems or P systems and are inspired by
the functioning and structure of the living cells as well as of more complex
higher-oder biological entities, such as tissues and organs.
In recent years, various types or classes of P systems have been intro-
duced and and studied, and in certain cases applied to different problems.
While these variants provide more flexibility in modelling, this has in-
evitably resulted in a large pool of P system variants, which do not have
a coherent integrating view and might be a drawback in analysing these
models with some standard formal verification methods and tools.
Kernel P (kP) systems have been introduced to unify many variants
of P system models, and combine a blend of various P system features
and concepts, including (i) complex guards attached to rules, (ii) flexible
ways to specify the system structure and dynamically change it and (iii)
various execution strategies for rules and compartments.
The usability and efficiency of kP systems have been illustrated by a
number of representative case studies, ranging from systems and syn-
thetic biology, e.g. quorum sensing [12], genetic Boolean gates [15] and
synthetic pulse generators [1], to some classical computational problems,
e.g. sorting [6], broadcasting [9] and subset sum [5].
Kernel P system models are supported by an integrated software suite,
kPWorkbench, which employs a set of simulation and formal verifi-
cation tools and methods that permit simulating and verifying them.
The models are expressed in a specification language, called kP-Lingua.
The verification component of kPWorkbench [5] checks the correct-
ness of kP system models by exhaustively analysing all possible be-
haviours. In order to facilitate the specification of system requirements,
kPWorkbench features a property language, called kP-Queries, which
comprises a list of property patterns written as natural language state-
ments. The properties expressed in kP-Queries are verified using the
Spin [11] and NuSMV [3] model checkers after being translated into cor-
responding Linear Temporal Logic (LTL) and Computation Tree Logic
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(CTL) syntax. The simulation component features a native simulator [2,
13], which allows the users to simulate kP system models efficiently. In
addition, kPWorkbench integrates the Flame simulator [4, 15], a gen-
eral purpose large scale agent based simulation environment, based on a
method that allows users to express kP systems as a set of communicat-
ing X-machines [10].
Significant progress has also been made in the area of testing applications
modelled by kP systems. When testing a kP system model, an automata
model needs to be constructed first, based on the computation tree of
the kP system. As, in general, the computation tree may be infinite
and cannot be modelled by a finite automaton, an approximation of the
tree is used. This approximation is obtained by limiting the length of any
computation to an upper bound k and considering only computations up
to k transitions in length. This approximation is then used to construct
a deterministic finite cover automaton (DFCA) of the model [6–8].
This paper reviews the main achievements in the area of kP systems
modelling, verification and testing.
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