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Background and purpose

As many other fields of science - or perhaps more than them - Mathematics needs abstract models to
represent its core concepts and how they are related. Being abstract by nature, one could unadvisedly
suppose that the task of building those conceptual models would be easier than the average case, which
is not necessarily true. Mathematical modeling is a field of applied mathematics which form deep inroads
into other disciplines. The availability of a formal ontology and derived benefits, such as the possibility of
conducting automated reasoning about the ntological classes of the domains, greatly reduce the barrier of
entry in the field for non-experts, while helping the establishment of a more precise and controlled
vocabulary among the expert domains involved in mathematical modeling.

Mathematical Modeling is a vast domain, as it applies to almost every subject of human inquiry. To help
delimit our endeavour, we have decided to focus, for the purpose of this work, the scope of Mathematical
Models to models applied to the natural sciences. This does not mean that a model which represents a
purely abstract phenomenon cannot be adequately classified by this ontology, but rather that we will
consider certain ontological categories, such as time and space, as fundamental components of the
subset of models we are interested in. Furthermore, we have the field of mathematical epidemiology as
the first target of this ontology. In summary, we propose the development of an ontology of mathematical
models which is general enough as to not be restricted in its applicability, yet is developed under the light
of the specific needs of a particular application domain.

One of the key motivations of this work is the possibility of using the resulting ontology as an aid to
automate information extraction from the modeling scientific literature. Modellers, as well as any scientist,
build on previously published models which are modified to represent new application scenarios. Thus,
being able to efficiently survey the literature for models of the type one is interested in, is of great
importance. Moreover, finding values for a given model’s parameters can be an even harder task since it
requires examining an even larger set of papers, typically.

Another important motivation was the perceived lack of ready-to-use ontologies at the level of abstraction
desired. One of the oldest and more comprehensive ontologies in the domain of mathematics, EngMath
(Gruber and Olsen, 1994), was never ported to a modern specification language such as OWL.

Other interesting initiatives we have identified include Ecolingua, an ontology for quantitative data in
ecology (Brilhante, 2005), and PhysSys (Borst, P. et al., 1995), an ontology for physical systems. These
ontologies address problem domains similar to ours and have served as a source of concept and
relationships, and the associated terminology. Closer to our scope is the concept of mathematical
expression, included in the “Systems Biology Ontology” (Le Noveére, 2006).



Another neighboring domain which has seen some recent formal ontological classification is that of
algorithms used to simulate models (Juty et al., 2010), such as the ones we aim to describe in this
ontology. We believe that KISAO could naturally be used to extend ours in the specific domain of model
implementation.

Methodology

Many authors do agree that the approaches for building domain - and cross-domain - ontologies are,
most of the times, specific and limited. One problem, from the methodological point of view is that there is
no generally accepted patterns or phases for building ontologies (FERNANDEZ et al., 1999; USCHOLD
and GRUNINGER, 1996). Despite the fact that great quantities of ontologies have already been
developed by different communities as Chemistry (GOMEZ-PEREZ, FERNANDEZ and VICENTE, 1996)
or Business Process Modelling (GRUNINGER and FOX, 1995), just to give a few examples — under
different approaches and using different methods and techniques, there is no consensus about a “gold
standard” methodology for the development process (FERNANDEZ, GOMEZ-PEREZ and JURISTO,
1997). The consequence is the absence of standardized activities, and these tasks are commonly driven
in an artisanal form and not as a scientific activity. Besides that, there is lack of a systematic explanation
on how the theoretical approaches might be used pragmatically.

Rather than choosing a specific methodology, we have adopted the comparative approach formulated by
Silva, Souza and Almeida (2008), that has analysed the methods Cyc (REED e LENAT, 2002), Tove
(FOX, 1992), Enterprise Ontology Project (Uschold and King, 1995), Kactus (BERNARAS, LARESGOITI
and CORERA, 1996), Methontology (FERNANDEZ, M. et al, 1997), SENSUS (SWARTOUT et al., 1996)
and 101 (NOY and McGUINNESS, 2001). This combined methodology, with slight modifications allowed
us to choose the most well defined tasks for each of the ontology development phases. Following this
hybrid approach, we have started working in the following tasks so far:

Definition of the motivation scenario: to support the task of classification and selection of mathematical
models in the field of mathematical epidemiology;

Definition of ontological scope: given the cross domain characteristics, the ontology covers both
mathematical concepts and transmissible diseases epidemiology concepts, with a special regard to
Dengue fever. To keep it coherent with the boundaries of the domains, two separate ontologies were built
and used together. One for mathematical models (MMO) and another for mathematical epidemiology
(EMO);

Integration: After searching for existing ontologies in the general domain of our intended application, the
following ontologies were imported and used: Protegé-Dublin Core Ontology in owl format’, Infectious
Disease Ontology (IDO)? and a publication ontology? to represent scientific publications;

Conceptual Modeling: the gathering of relevant concepts, terms and relationships was made mainly
through the analysis of a corpus of scientific articles describing mathematical models in the field of
Dengue epidemiology. The result of the harvesting of the literature was then filtered by the authors to
select canonical concepts which formed the conceptual basis of mathematical epidemiology. Currently,
both MMO and EMO contain 93 classes and 19 object properties. Together with the imported ontologies
one can work with a total of more than a thousand classes.
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http://protege.stanford.edu/plugins/owl/dc/protege-dc.owl
http://infectiousdiseaseontology.org/page/Main Page
http://mapekus.fiit.stuba.sk/mapekus/ontologies/v0.2/publication
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Implementation: the conceptual structures are implemented using Protégé 4.2.0 and OWL 2.0 as a
formalization language/framework. The source codes and their documentations are maintained under
version control on Bitbucket?;

Maintenance: the maintenance of the ontology, will be overseen by the authors along with current and
future collaborators.

Results

After careful consideration of the existing ontologies in the more general domain of mathematics, we have
constructed the first versions of MMO and EMO (Figures 1 and 2). For the MMO, special attention was
devoted in this first version, to the concepts related to dynamic models. Dynamic models describe the
temporal and/or spatial variation of biological or physical quantities. The conceptualization of space and
time is of special importance, and is related to the type of model to be used (equations, automata,
agents). Furthermore, MMO discriminate models regarding their representation into Mathematical
(equations to be solved or calculated numerically) and Algorithmical (sets of logical rules to be simulated).
This dichotomy is reified through the property “hasRepresentation” of a mathematical model. To further
describe models, MMO defines classes such as “variable” and “parameter” which can be further
described through properties such as: “hasContinuity”, to discern between continuous and discrete
variables or parameters; “hasDomain”, to allow specification in which the entity takes its values; and
“hasRandomness”, to separate fixed and random variables and parametes.

[Figure 1 here. Caption: The Mathematical Modeling Ontology]

The MMO seeks to articulate concepts such as time and space. For example, when time is discrete and
space is not explicitly considered, the mathematical model can assume the form of a difference equation.
On the other hand, if time is continuous, differential equations are used. The MMO ontology uses
properties to make these connections. For example “hasEquation some Difference_equation”.

The central class in the ontology is Mathematical_Model, which is shown in more detail in figure 3. Six
subclasses of models are contemplated so far. Models which are specific to a given domain, should be
defined on a separate domain ontology which imports MMO. For example EMO defines a class named
“Susceptible_Infected _Recovered _Model” which is a subclass of “Epidemic_Model” which in turn is a
subclass of “Dynamic_Model”.

EMO, the epidemic modeling ontology, covers the specific field of mathematical epidemiology. This
discipline is built upon a set of well structured models, such as SIR (for directly transmissible diseases
with full immunity, such as smallpox and measles), SIS (for those with no induced immunity, such as
syphilis), Sl (for those with no recovery, such as HIV), and so on (Keeling and Rohani, 2007). Such
classical archetypes are expandable to include more host types (arthropod vectors or other animal
reservoirs), multiple pathogens (four dengue serotypes, for example), multiple immunity classes (primary
infections, secondary infections; vaccinated), creating a very diverse set of disease-specific models.

Disease specific models connect epidemiological concepts and mathematical representations. These
entities, being from different domains, are not hierarchically related. In EMO, epidemiological concepts
(hosts, vectors, transmission mechanisms, etc) are organized within the Mathematical Epidemiological
Core Concepts class (Figure 2).

The scientific activity of creating disease-specific models based on more simple, archetypical ones, has
historically created several model lineages. One of the applications of EMO is to identify these lineages,
which are not explicitly introduced in the ontology, but should emerge from the basic definitions. This is an
ongoing process.

[figure 2 here, caption:Epidemic Modeling Ontology]

* https://bitbucket.org/fccoelho/math-model-ontology



Discussion

The ontology presented in this paper aims to fill a void in the availability of formal ontology for the
classification of mathematical models of natural systems. The literature on the subject “mathematical
modeling” is vast and mature, which has allowed for a convergence towards a pragmatic taxonomy of
model categories when it comes to the organization of educational materials. In this work, we have tried
our best to incorporate this praxis, while adding the necessary rigour in the definition of the derived
ontological classes. Despite our care, many aspects of the ontology are the inevitable result of our
personal choice among alternative definitions. Whenever possible, references were added to the owl
document to justify our classification.

This ontology is a work in progress, as we believe ontologies are “living artifacts”, which should evolve
with the field it represents. Therefore, we invite the contributions of scholars and practitioners of
Mathematical Modeling, along with those from professional ontologists, in further extending this work. The
full ontology in OWL format is available for download at https://bitbucket.org/fccoelho/math-model-
ontology.

[Figure 3 here. Caption: Class Mathematical Model.]

References

BERNARAS, A.; LARESGOITI, I.; CORERA, J. Building and Reusing Ontologies for Electrical
Network Applications. In: PROCEEDINGS OF THE EUROPEAN CONFERENCE ON
ARTIFICIAL INTELLIGENCE, ECAI/96, p. 298-302, 1996.

Borst, P. et al., “The PhysSys ontology for physical systems”, in Working Papers of the Ninth
International Workshop on Qualitative Reasoning QR, vol. 95, 1995, 11-21.

Brilhante, V. “Ecolingua: a formal ontology for data in ecology”, Journal of the Brazilian
Computer Society 11, n. 2 (2005): 61-78.

FERNANDEZ, M.; GOMEZ-PEREZ, A.; JURISTO, H. Methontology: from ontological art
towards ontological engineering. 1997.

Available: <http://citeseer.ist.psu.edu/context/544607/0/>. Access: 20 August 2007.
FERNANDEZ, M; GOMEZ-PEREZ, A.; SIERRA, J.P.; SIERRA, A.P . Building a Chemical
Ontology Using Methontology and the Ontology Design Environment. Intelligent Systems, v. 14,
n. 1, p. 37-46, jan./ fev.1999.

FERNANDEZ, M.; GOMEZ-PEREZ, A; CORCHO, O. Methodologies and Methods for Building
Ontologies. In: GOMEZ-PEREZ, A.; FERNANDEZ-LOPES, M.; CORCHO, O. Ontological
Engineering. London: Springer, 2004. pp. 107-153.

FOX, M.S. The TOVE Project. towards a common-sense model of the enterprise. 1992.
Available: <http://www.eil.utoronto.ca/enterprise-modelling/papers/index.html>. Access: 20
November 2007.

GOMEZ-PEREZ, A., FERNANDEZ, M., VICENTE, A.J. Towards a Method to Conceptualize
Domain Ontologies, ECAI'96 - Workshop on Ontological Engineering, Budapest, August, 1996.
Available: <http://citeseer.ist.psu.edu/483876.html>. Access: November, 2007.

Gruber, T .R. and Olsen, G. R. “An ontology for engineering mathematics,” in Fourth
International Conference on Principles of Knowledge Representation and Reasoning, Gustav
Stresemann Institut, Bonn, Germany, Morgan Kaufmann, 1994, 241-245.

GRUNINGER, M.; FOX, M. S. Methodology for the design and evaluation of ontologies. 1995.
Disponivel em: <http://citeseer.ist.psu.edu/grninger95methodology.html>. Acess: November,
2007.



GRUNINGER, M.; FOX, M. S. The Logic of Enterprise Modelling. 1996. <
http://citeseer.ist.psu.edu/523974.html>. Acesso em: 10 Novembro 2007.

NOY, F. N.; GUINNESS, D. L. Ontology development 101: a guide to create your first ontology.
2001. Available in: <http://ksl.stanford.edu/people/dim/papers/ontology-tutorial-noy-
mcguinness.doc>. Acessed in October, 2006.

Juty, N et al. “Ontologies for use in Systems Biology: SBO, KiSAO and TEDDY” (2010).

Le Novére, N. “Model storage, exchange and integration,” BMC neuroscience 7, no. 1 (2006):
S11.

KEELING, M.J.; ROHANI, P. Modeling Infectious Diseases. Princeton University Press, 2007.
REED, S.L.; LENAT, D.B. Mapping Ontologies into Cyc. 2002. Disponivel em:
<http://www.cyc.com/doc/white_papers/mapping-ontologies-into-cyc_v31.pdf>. Acess: April,
2008.

SILVA, Daniela Lucas da ; SOUZA, Renato Rocha ; ALMEIDA, Mauricio Barcellos de .
Ontologias e vocabularios controlados: comparacao de metodologias para construgao. Ciéncia
da Informacao (Impresso), v. 37, p. 60-75, 2008.

SWARTOUT, B; PATIL, R.; KNIGHT, K.; RUSS, T. Toward Distributed Use of Large-Scale
Ontologies. 1996. Disponivel em:
<http://ksi.cpsc.ucalgary.ca/KAW/KAW96/swartout/Banff_96_final_2.html>. Acess: April, 2008.
USCHOLD, M.; KING, M. Towards a Methodology for Building Ontologies. 1995. Disponivel em:
<http://citeseer.ist.psu.edu/uschold95toward.htmI> Acess: November, 2007.

USCHOLD, M.; GRUNINGER, M. Ontologies: principles, methods an applications. Knowledge
Engineering Review, v. 11, n. 2, 1996.



	Towards an Ontology for Mathematical Modeling with Application to Epidemiology
	Methodology
	Results
	Discussion
	References

