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Computer science provides a huge range of applications, 
using speciϐic models, methods, and tools, initially developed 
for investigations related to software design, implementation, 
formal veriϐication, and validation [1]. The applications ϐield 
has grown and these computer science developments have 
been used in the study of physical and engineering processes, 
including those occurring in systems and synthetic biology [2].

Although mathematical-based approaches play a very 
important role in modelling biological systems, computational 
models [3] have recently emerged as a way to complement 
and provide an alternative approach to mathematical 
formalism. This new approach provides a “deeper mechanistic 
understanding of biological systems” and is “more amenable 
to easier communication between the biologist and modeler” 
[3]. These models are directly executable, hence the term 
associated with them, executable biology [3]. A rich set of 
concepts and methods, developed for analysing, formally 
verifying, and validating software systems have been directly 
transferred into systems and synthetic biology modelling.

A few works presented and analysed various 
computational models such as process algebras, rule-based 
systems, Petri nets, Boolean networks, statecharts, hybrid 
systems, compartment-based, agent-based and lattice-
based models, symbolic modelling, knowledge-based expert 
systems and membrane computing models [2,3]. Each of 
them has a speciϐic operational semantics allowing to directly 
execute the speciϐication that may be expressed through 
domain-speciϐic languages associated with these models. The 
generated program can be used to investigate the behaviour 
of the system, but also for analysing it with speciϐic computer 

science formal veri ication tools, such as model checking, 
runtime veriϐication, and static analysis [2]. 

The use of computational models in specifying different 
biological systems has led to a continuous increase of well-
established methods and tools developed initially for the 
analysis and veriϐication of programs and programming 
languages, to the analysis and veriϐication of the computational 
models built for such systems. It is well-known that despite 
the progress made in using formal methods in software 
veriϐication and their applications in engineering [2], they 
faced serious problems in spreading their use in these areas 
given the high specialisation requested and lack of adequate 
user-oriented tools [2]. Some solutions to alleviate these 
problems have been provided through more user-friendly 
ways of specifying the mathematical formalism involved [4,5].

Subsequently, we illustrate the usage of model checking as 
an analysis method that helps reveal certain properties of the 
model. In order to formally analyse a biological system, a formal 
model of the system is provided and a formal speciϐication of 
the properties to be veriϐied against the formal model is given. 
The former may be expressed as a domain-speciϐic language, 
whereas the latter appears as a temporal logic notation 
[3]. Although the domain-speciϐic language requires some 
understanding of the concepts used by the model, its syntax, 
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and semantics, it is, in general, easier to understand than a 
mathematical model. The temporal logic notation may appear 
to be quite tricky for a non-specialist and for this reason in 
engineering, where these approaches are applied, especially 
in safety-critical systems, some patterns that are encountered 
more often are expressed in natural language-like statements 
[3]. Something similar has been considered in the case of 
computational models used for biological systems [4,5]. This 
approach is illustrated by a synthetic biology example.

A quorum-sensing device produces a transcriptional factor, 
LasR, that binds a signalling molecule, N-Acylhomoserine 
Lactone (AHL), forming a complex LasR-AHL. The LuxR 
promoter, to which the LaxR-AHL activator complex binds, 
serves as the inducible promoter in the sensing system, 
leading to the production of Green Fluorescent Protein 
(GFP) as the reported protein [6]. The model is deϐined as 
a membrane computing model, using a domain-speciϐic 
language and a query checking the relationship between the 
presence of the AHL molecule and the production of GFP. This 
query can be stated in a precise probabilistic temporal logic 
formalism, but this may be formulated through the following 
natural language-like pattern [6]: “What is the probability that 
the system produces GFP if there is no AHL?”. As expected, 
the answer to this query is that the probability is 0.0, which 
ensures that the system will not produce GFP when AHL is 
absent. This pattern-based approach in formulating various 
properties makes the use of model-checking more user-
friendly to non-specialists. More complex patterns can be built 
in a compositional and systematic manner by using a design 
pattern language for biological veri ication [3]. Based on this 
a coherent methodology of using, in a user-friendly manner, 
model-checking tools in the formal veriϐication of biological 
systems, is presented in [3].

Numerous biological systems have been investigated 
using computational modelling approaches and formal 
analysis methods and techniques. Recently, tools, combining 
computational models with formal analysis approaches 
have been built. Another step forward has been made by 
automatically selecting the most appropriate model-checking 
tool when more than one may be available to be used to verify 
a system [3]. These new developments will make the use of 

computational methods “more efϐicient, effective, and easy to 
use, even for non-experts in formal methods” [3].

The technological progress in healthcare that has led to 
devices called cyber-physical systems [2], where smart devices 
interact with biological systems, may beneϐit from the use 
of computational modelling in an integrative and uniform 
manner. The cyber-physical systems use quite extensively 
computational modelling approaches in their design, 
implementation, testing, and formal veriϐication, and these 
will be smoothly integrated with similar models used in the 
biological component of the healthcare system.

Conclusion
In this short overview report, we have presented some 

of the most used executable biology methods, including 
computational models and formal analysis methods and 
techniques. They complement and become an alternative 
approach to more widely used mathematical models and 
methods. Executable methods may be integrated within 
cyber-physical systems that start being more widely used in 
healthcare and other medical areas.
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