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1 Introduction and Motivation

Tools, methods and techniqgues made possible a bettErstanding of functions, structures and processes retated
biophysics and physiology. Computational models hamine valuable tools for the understanding of mahiesand multi-
physics phenomena that underlie complex biophysicattstres and processes. In silico models allow diffeirgotmation
acquired from different physical scales and experimémtbe combined and to complement each other, praviibetter
picture of the involved processes and structures [1].

Several important questions arise during the developraed use of biophysical models. One refers to apjatep
representation of the model. Diagrams, literal dedorippnd equations can be used in the publication ofiefsp but
typographical errors as well as the lack of the dediniof initial conditions and parameters can occuhed question is
related to the implementation. The complex matharabgquations usually demand advanced numerical methnd the
implementation of such methods may be a limiting fafiiouse the model properly.

These questions led to creation of CellML [2], a sfieanarkup language to represent biological modetsCAIIML is an
XML-based language, biological and mathematical eptecan be used in various computer applications e soé model.
CellML has been designed to support large-scale madetiforts: it is modular, enabling models and portiohmodels to
be constructed independently and later integrateddriarger coherent model. It uses MathML [3] to jevboth a human
and computer-readable representation of the matheaheglationships of biophysical models.

CellML can be used to represent, to store and to simadels. However, CellML was created with the intemtif
describing published models, then it is not totally aidjd to the process of creation of new models, aseis dot provide
annotation mechanisms to facilitate reuse and modificaif new components.

Another important question is about validation of &l models. Based on XML, the validation of the modglonly
syntactic. Through the use of DTD (Document Type migfin) or Schemas [4] the model can be validateusittering the
syntax errors and its compliance to CellML specificafis]. Semantic questions either can not be effeltitreated (e.g. to
prevent that a component "ionic channel" contairmponent "membrane") or is left to the implementatibase (e.qg.
conformity of different units of measure as "seconds!' anilliseconds").

In this paper, we propose the use of ontologies, gemrilogics and semantic rules to handle these issuesnfology,
named Cell Component Ontology — CELO, is presentbis. dntology aims to extend (not to replace) the digthon provided
by CellML, improving the validation, composition argtharing of physiological cell models. The ontologythe base
component of a prototype framework, called CeloWé&modelling of biological systems, involving the sémrannotation,
composition and execution of biological models.

This paper is organized as follow. In section 2 a sumedversion of CELO ontology is presented. Sectiexdores the
integration with CellML models. Section 4 presents soelated works and section 5 discusses the conclusiongiaume
work.

2 Cdl Component Ontology - CELO

The integration of ontologies with CellML will plaay major role in the development of software toolbitdogical modelling
[6]. An ontology can be described as a explicit gpation of a concept that can be shared [7]. Aidgip ontology is
composed of a taxonomy and a set of inference rubesriomy describes classes of objects and relationshipsdiethem.
The inference process allows capturing the knowlelaei$ not explicit in the taxonomy.

The specific goal of the proposed Cell Component fogto— CELO — is to provide a high-level descriptiaina CellML
model, working as a “conceptual model” that adds séicgmo physiology models. The use of semantics to exphess
intrinsic knowledge in the model aims to improve thédadion of the model, effective reuse of componentsaaly defined in
another model, automate some composition processesl lmas components characteristics, and to build repaest of
available models in the Web, where the search can siealnbe carried through.



At application level, CELO uses OWL (Ontology Webngaage) [8] as representation language and SWRL (8&ma
Web Rule Language) [9] for the accomplishment of erfiees on the ontological individuals. SWRL complemehe
ontology with information not directly processed hg inference machine.

2.1 CELO Structure

The CELO structure is motivated by the necessity of igiog 3 essential types of knowledge on a model: (ahvh
guantities are measured and which unities are usedebyatimbles of the model? (b) which concepts of bipldgmain are
associated to a model? (c) which are the componente ohodel and how can they be accessed? These agsdsiibto the
definition of three general classes in the top-levéhe ontology, presented in Fig.1 (the OWL compledde, with properties,
individuals and restrictions of CELO can be obtairredhfhttp://celo.mmc.ufjf.br).
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Fig. 1. CELO top-level classes.

SIEntity Classes. This class and his subclasses, which have a genericapplicdefine a dictionary of unities and quantities
what are used together with domain concepts andhblag of the model. This dictionary is based on thermattional System
of Unities (SI) [10]. New unities can be registeredatlow the integration with CellML. The measured wjitées also are
based on SI. Fig. 2 presents the structure of S&stity.
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Fig. 2. CELO SEntity classes.

DomainEntity Classes. This class and his subclasses define the terms that evillsed like a vocabulary shared by the
developers in the creation of models. These terms haessociate semantics, allowing to description of a miodeigher
level. Fig. 3 presents the structure of the casainEntity.
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Fig. 3. CELO DomainEntity classes.

Biological Entity refers to the concepts of the area of the BioldigllElement refers to the physical structure of the cell
(CellSructure) and to the processes associated to the eletrophygifiie Process). The elements of interest in the cell are
registered irCellPart and the location of these elements, in spatial tamGgll Space.

Chemical Entity refers to the concepts of the area of the ChemiStrgmical Element refers to the chemical elements (such
as sodium, potassium, etcQhemical Compound refers to more complex chemical compourfdsemical Object is a generic
concept for definition of atoms, ions and molecules.

BioChemicalEntity refers to concepts of the area of the Biochemistiyichiv studies the chemistry of the biological
processes that take place in the lively beings.

ModelEntity Classes. This class and his subclasses define the concepts thdtewiksed like meta-model for the biological
represented model. The objective is to have a dewuripf high level of the model, making referenceatmodel CellML for
the questions of simulation. Fig. 4 presents the strucfuttee clasdodel Entity.

With the objective to treat a model like a servicdoywehat has interfaces and can be "executed" (sigd)lathe structure
of the clasdVlodel Service is inspired in the ontology OWL-S [11], used for seragéscription of services web. Each instance
is associated by a instancehdbdel Profile, Model Grounding andModel Process.

ModelProfile tells about what is the model: what the componentthe model are, if it is associated to some specific
compartment of the cell and what are the biologieatities (instance oBiologicalEntity) associated to a model.
Model Grounding specifies which is the associated model for simulatian, & CellML modelModelProcess indicates how
the model can be used, in other words, which parametanput Model Parameterin) and output Model Parameter Out) are
associated to the model interfadéoglel I nterface).

ModelObject groups the objects that a model compodeguation makes a list of the equations that implement
mathematically the model, expressed in MathMériable represents the variables of the motddel Variable describes like
the variables they participate in the equations ef niodel andComponentVariable makes a list of the variables of each
component.

Model represents the model, that can be atomic (contaimitygeosingle component) or composed (containing twamare
components)Component represents the components of the model. These compotemtbe described in the model itself
(Internal Component) or they can store references URI to external ma@adernal Component).
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Fig. 4. CELO ModelEntity classes.

2.2  Knowledge Reuse

A initial CELO Model is built from an existing CellMModel. An important premise about using CELO ist thach CellML
models represents a “atomic” component, what meanstbamponent sufficiently self-contained can be usetbtnpose a
more complex component or model.

To build this initial model, some knowledge can baapt from CellML model, in spite of its just syntatipresentation.
It's very common that variables and components nameseaeingful, like “sodium_channel” and “potassium_ctengate”
to represent a sodium channel and a gate on a patassannel. Even simple names like “I_Na” (electrioent associated to
sodium ions) can be useful to extract semantic.



The strategy to capture this knowlegde was to breakvéiiables and components names in smaller tokensoastdre
these tokens in a datatype property called “hasDetafter, SWRL rules are applied to match these singptangs with
individuals on CELO ontology. Together with otheredt mappings (e.g. units names), we can obtain argealdy richer
(although not complete) model from a CellML model.

2.3 Rules

Semantic rules are used with two basic purposes:

1. to infer knowledge that is implicit in the CellMhodel (e.g. name of variables), considering the éjreaistent knowledge
(for example, variables that are dimensionless mush@aissociated to chemical elements).

2. to validate semantically the model regarding hisistency; an example of validation is the checkirtgéf grouping of the
components does not injure the anatomical hierarchy.
The rules are defined using SWRL. Some rules usecioritology are presented following:

» SethasCellElement variable property:
Vari abl e(?x1) ~ hasDetail (?x1, ?x2) " CellEl ement(?x3) ~ hasNane(?x3, ?x4) ~

swrl b: stringEqual | gnoreCase(?x2, ?x4) - hasCell El ement (?x1, ?x3)
» SethasMeasure variable property, based on used unit:

Vari abl e(?x1) ~ hasDetail (?x1, ?x2) ~ StandardUnit(?x3) ~ hasName(?x3, ?x4) *
swr | b: stringEqual | gnoreCase(?x2, ?x4) ~ nmeasures(?x3, ?x5) - hasMeasure(?x1l, ?x5)
» SethasVariableUnit variable property, based on used unit:

Vari abl e(?x1) ~ hasDetail (?x1, ?x2) " Unit(?x3) ~ hasName(?x3, ?x4) *
swrl b: stringEqual | gnoreCase(?x2, ?x4) - hasVariabl eUnit(?x1, ?x3)

» SethasDomainEntity associated with a chemical element, excluding dimelesisvariables:

Vari abl e(?x1) ~ hasDetail (?x1, ?x2) ~ Chemical Entity(?x3) ~ hasNanme(?x3, ?x4) *
swrl b: stringEqual | gnoreCase(?x2, ?x4) ” hasVariabl eUnit(?x1, ?x5) ™ hasNane(?x5, ?x6) *
swr | b: not Equal (?x6, "di nmensionl ess") - hasDomai nEntity(?x1, ?x3)

3 Using CelML Modeswith CELO

Considering the applicability of CellML for the deition and simulation of models, the availability afrdreds of models
and the semantic award given by the CELO, some mesthasfiautomatic integration between CellML and CELGshaxist.

As part of efforts of CeloWS framework development, sanngliary tools have been used. These tools alloviseaking
an existing CellML model in many “atomic” models (eadlthem containing a single component), create B &escription
from a CellML model and create a CellML model frorocamposition of CELO models.

3.1 CELO Description

The creation of a initial CELO description from all®® model is a process with many steps (Fig. 5). FirsiXSL
Transformation [12] is used to create an intermeddté representation of model. After, the model CellNdanalysed and
for each component and there are extracted theblasisand parameters of the mathematical equations.pidgram
XML20OWL [13] is executed, taking the intermediate KMs input. Based on a configuration file, an inteiagy OWL is
built, where the XML elements are turned into indivals of CELO. SWRL Rules are applied (when dbtil property is
compared with propertilasName of many individual from ontology). Finally, a reamu is executed to classify the variables
and components of model.
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Fig. 5. Creating a initial CELO description from a CellNthodel.

3.2 CELO Composition

The composition of atomic models is one of the specifijectives of the design of CELO ontology. Thelg®#o promote
the reuse of existent components through the composifi the most simple models, producing more complex modkés.
composition produces a new CellML model, throughithport of previously defined components and automatimection
of these components.

The composition process uses a XML configuration filentticate which models will be composed and whichcstme of
the model. Figure 6 shows a sample configuration file

<?xm version="1.0" encodi ng="UTF- 8" ?>
<conposi ti on>
<gl obal wuri="http://celo.mct.ufjf.br/ow/noble_1962/environnent.ow "/>
<nmodel wuri="http://celo.mt.ufjf.br/ow/noble_1962/ menbrane. owl " uses="gl obal ">
<nodel wuri="http://celo.mct.ufjf.br/ow/noble_1962/| eakage_current.ow " uses="gl obal "/ >
<nmodel wuri="http://celo.mt.ufjf.br/ow /noble_1962/sodi um channel.owW " uses="gl obal ">
<nmodel uri="http://celo.mt. ufjf.br/ow /noble_1962/sodi um channel _h_gate.ow "/>
<nmodel uri="http://celo.mt.ufjf.br/ow /noble_1962/sodi um channel _m gate.ow "/>
</ nodel >
<nmodel wuri="http://celo.mt.ufjf.br/ow/noble_1962/potassi um channel.ow " uses="gl obal ">
<nmodel uri="http://celo.mt.ufjf.br/ow /noble_1962/ potassi um channel _n_gate.ow "/>
</ nodel >
</ nodel >

</ conposi tion>
Fig. 6. A sample XML configuration file for models comptisn.

The connection of the components is done throughnsaisic matching of parameters of the first comporeamd
parameters of second component. It is tested if bathnpeters measure the same quantities, both are asdacite same
chemical elements and, finally if both has the sameen®rSPARQL [14] query (Fig. 7) with a post-processssd to find
compatible parameters.

sel ect ?x0 ?y0 ?x1 ?yl ?x2 ?y2 ?x3 ?y3 ?x4 ?y4 ?x5 ?y5 ?x6 ?y6 WHERE {<nsl:_Model I nterface>
cel o: hasl nterface ?x1.
?x1 a cel o: Model Par anet erl n.
OPTI ONAL{ ?x1 cel o: hasDomai nEntity ?x2.
?x2 a celo:CellPart.
?x2 cel o: contains ?x5.
?x2 cel o:isContai nedl n ?x6}
OPTI ONAL{ ?x1 cel o: hasMeasure ?x3}
OPTI ONAL{ ?x1 cel o: hasDomai nEntity ?x4.



?x4 a cel o: Cheni cal El ement }
?x1 cel o: hasNane ?x0.
<ns2: Model I nterface> cel o: hasl nterface ?yl.
?yl a cel o: Model Par anet er Qut .
OPTI ONAL{ ?yl cel o: hasDomai nEntity ?y2.
?y2 a celo: CellPart.
?y2 cel o: contains ?y5.
?y2 cel o:i sContai nedl n ?y6}
OPTI ONAL{ ?yl cel o: hasMeasure ?y3}
OPTI ONAL{ ?yl cel o: hasDomai nEntity ?y4.
?y4 a cel o: Cheni cal El ement }
?yl cel o: hasNane ?y0

Fig. 7. A SPARQL query to connect components.

3.3 Searching models

The models, expressed in OWL, are stored inside tiamdh database. This allows the user to make “semguogédes”, using
SPAQL syntax. Figure 8 show some sample queries.

List all nodels

PREFI X cel o: <http://celo.mt. ufjf.br/ontol ogi es/cel o. ow #>

sel ect ?x WHERE {

?x a cel o: Model }

Li st all conponents
PREFI X cel o: <http://celo.mt. ufjf.br/ontol ogi es/cel o. ow #>
sel ect ?x WHERE {

?x a cel o: Conponent }

Li st variables related with Action Potenti al
PREFI X cel o: <http://celo.mct. ufjf.br/ontol ogi es/cel 0. ow #>
sel ect ?x WHERE {

?x a cel o: ActionPotential }

Li st conponents that variables are related with Action Potenti al
PREFI X cel o: <http://celo.mct. ufjf.br/ontol ogi es/cel 0. ow #>
sel ect ?x WHERE {

?x a cel o: Conponent

?y celo:islnterfaceVariabl eOf ?x

;a cel o: Mbdel Par anet er

;a cel o: ActionPotential }

Li st conponents with paranmeters related to Electric Current and Sodi um
PREFI X cel o: <http://celo.mt. ufjf.br/ontol ogi es/cel 0. ow #>
sel ect ?x WHERE {
?x a cel o: Conponent
?y celo:islnterfaceVariabl eOf ?x
;a cel o: Mbdel Par anet er
; cel o: hasDomai nEntity cel o: Sodi um

;cel o: hasMeasure cel o: El etri cCurrent

Fig. 8. Sample SPARQL queries to find models and compenent



4 CeloWS Framework

4.1. Goals

The main goal of CelOWS framework is to provide &astructure to storage, search, retrieve, composeegadute
(simulate) components of biological models using ontelegrhe framework must allow:

- Recording and storing components inside distributiedioaal;

- Queries on database based on semantic expressedibismo

- Composition of models, creating more complexes npdel

- Execution of models, it means, submition of models simulation tool like PCEnv or AGOS..

4.2. Architeture

A high-level view of framework architeture is showat Fig. 9. URI CelO represents a URI of CelO Model. This
framework implements concepts of SC@erfvice Oriented Architeture) and it work with three distinct tiers:

- CelOWS: the framework, implemented as a web service.

- Backend: a service layer, with database access iertace with a simulation tool for the CellML Mdde

- Client: a user interface to access the framewbdan be built with any language that allow accesgeb services.
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Fig. 9. Visao geral da arquitetura do framework CelOWS.

There are four services:

- Registry: To record a model inside system. From &, model is retrieved, a inference engine is apiatithe model
is stored inside a relational database.

- Compose: Composition of models. The user providdvih Xpecification of composition. A new CellML model built
from the code referenced by each CelO model.

- Query: Searching a model. The user provide a SHAB@ry and he receives the URIs of models, components o
variables that match the query.

- Execute: Simulation of a model. The user providernttoelel URI and the parameters to be used. The Ceitidtel is
retrieved and send to a simulation tool. The resuétseturned to user.

5 Reated Works

A discussion about the use of ontologies in CellMprissented in [18]. During the CellML Workshop (208@i7@ theme was
again discussed [19]. The CELO Ontology is a contrilbuéis it represents the cell models using ontologicejlages and is
integrated to CellML.

A research with ontologies applied to cell modeldéscribed in [20]. The authors present methods to supbpert
development of complex structure of cell models, usingarkup language (PMSML) and the Cell Model OrgploThe
CELO ontology has a very similar purpose, but it useseratandardized languages, as OWL, SWRL and XSLTolwa the
use of a great variety of tools, besides the possiloifity collaborative work in the development of théobogy itself.

A specification language, called Composite Model Desiom Language (CDML), is proposed in [21]. Althougis more
rich than CellML, it is also XML-based and the issuescdbed previously are the same. CELO uses ontologibartdle the
process of models composition.



Another group uses the association of ontologies andsemsfices to support the modeling of biological syster@§ @n
ontology is presented to represent the meta-modaWth.. OWL-S is used to specify the parameterizationsamdi-automatic
composition of web services for the model executionL@Bntology includes more than the meta-model, shiotogical
domain concepts are described.
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