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Abstract—Biomedical analyses are becoming increasingly com-
plex, both for the type of data produced and the procedures
necessary to obtain them. This trend is expected to continue;
therefore the development of suitable systems for information
and protocol management is becoming essential for the full
exploitation of the field. Custom-built applications obtained by
direct merging of software engineering expertise with domain-
specific knowledge may be temporary solutions, but they are
generally ineffective both in terms of cost and performance.
Here we propose a Laboratory Information Management System
(LIMS) that enables the domain experts to express laboratory
protocols using domain knowledge, free from the incidence and
mediation of the software implementation artifacts. In the system
that we propose this is made possible by basing the modeling
language on an authoritative domain specific ontology.

Index Terms—Model-Driven Engineering; Laboratory Proto-
cols; Ontology; Process Definition Language.

I. INTRODUCTION

A. Motivation and Vision

In the last two decades life sciences and biomedicines have
been revolutionized by the introduction of high-throughput
procedures and automation methods. Laboratory Information
Management Systems (LIMS) are tools used for tracking
protocols and samples, in order to reliably cope with such
turnout. Unfortunately protocols are still mainly written and
exchanged in natural languages which is a serious impediment
to quality, efficiency, predictability and repeatability. We claim
we should rather strive to represent protocols in a structured
and efficient way. In this work, we present a way to bridge the
benefits of Ontology onto Model-Driven Engineering (MDE)
in order to satisfy this need.

What we ultimately aim to accomplish is to tie in an intimate
way ontologies and meta-models. Our aim is to build models
that are deeply-rooted on ontologies. We propose a conceptual
framework that links a construct that describes reality (ontol-
ogy) to a construct that prescribes reality (model). Hence we
are trying to bind ontological constraints directly to model
elements.

The structure of the paper is as follows. In section II,
we give a brief overview on Model-Driven Engineering and
Ontology and some relevant literature on how to merge them.

In section III, we describe our proposal on how to merge a
domain specific ontology with a workflow metamodel.

II. BACKGROUND

A. Model-Driven Engineering

MDE is an approach to software development which con-
centrates on designing models that are closer to domain-
specific concepts of some particular domain rather than to
computing (or algorithmic) ones. MDE’s basic concepts are
models, meta-models and transformations [1].

A model is a “set of statements about some system under
study” [2]. In traditional scientific disciplines, models are usu-
ally descriptive. However they are also used as specifications in
engineering disciplines, including software design. Therefore
a model could equally be descriptive or prescriptive.

A distinctive trait of models is their intended relationship
with reality: “A model is an external and explicit representation
of a part of reality as seen by the people who wish to use that
model to understand, change, manage, and control that part of
reality” [3].

Models can represent, describe, and specify things [4]. A
descriptive model is one that “describes reality, but reality
is not constructed from it”. A prescriptive model is one that
“prescribes the structure or behavior of reality and reality
is constructed according to the model; that is, the model
is a specification for reality” [2]. Since in the realm of
software engineering most of the models are used to construct
a “reality” from them, in the remainder of this paper we
understand a model as prescriptive.

B. Ontologies

The term ‘ontology’ is currently very controversial contro-
versial because different people have different ideas on the
definition of an ontology. However there is a certain consensus
in what an ontology is not: it is neither a taxonomy (i.e., a
class-subclass hierarchy), nor a dictionary (an ontology does
include relationships between terms), nor a knowledge base
that includes only individual objects. According to Gruber, an
ontology can be defined as “the specification of conceptual-
izations, used to help programs and humans share knowledge”
[5].
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Fig. 1. The ontology-aware meta-pyramid. Domain ontologies live at level
M1. Upper ontologies live at level M2. Ontology metalanguages live at level
M3. Source: [4].

The first formal and explicit approach to ontologies in the
technical (not philosophical) sense dates back to 1900, given
by Husserl. Later in the 1980’s, the ontologies entered the
computer science field as a way to provide a simplified and
well defined view of a specific area of interest or domain.
Semantic web is the modern expression of the field. The Web
Ontology Language (OWL) is a modern ontological language
endorsed by the World Wide Web Consortium (W3C).

What we really are after is the conceptual relationship
between a model and an ontology in the context of knowledge
and process management.

An important property of ontologies is the open-world
assumption, i.e., anything not expressed is unknown [6]. In
models the closed-world assumption is generally used since
what has not been specified is not unknown but true (or
false) by default. As we noted earlier, models are usually
prescriptive tools. What can we say for ontologies? Ontologies
are not specification models since they describe domains and
not systems [4].

Ontologies are tools extensively used to express domain
knowledge. One serious problem is that differing ontologies
may be developed and applied for the representation of one
and the same domain. The function of an upper ontology is
precisely to ”support interoperability between domain ontolo-
gies in order to facilitate the shared use of data both within
and across disciplinary boundaries” [7]. A domain ontology
specializes concepts taken from an upper ontology.

C. MDE and Ontologies

Assmann et al. propose the ontology-aware meta-pyramid
[4] (Fig. 1) in order to show how ontologies can be used
in MDE. Domain ontologies live at level M1 of the meta-
pyramid and correspond to models. An upper ontology, pro-
viding a language for ontologies, should live at level M2.
One metametamodel language (at level M3) could be used
to specify both ontology and metamodels. Both the ontology

Fig. 2. The four meta-layers in terms of ontological engineering and its
orthogonal instance-of relations: linguistic and ontological. Source: [8].

dimension and the model-driven dimension instantiates from
this metametamodel.

Bezivin et al. use a different approach to relate ontology and
MDE. The four MDE levels are called in this context linguistic
layers [8]. Concepts from the same linguistic layer can be at
different ontological layers. Figure 2 depicts the four meta-
layers using this important remark. The linguistic instantiation
runs on the vertical dimension; conversely the ontological
instantiation runs on the horizontal dimension (e.g., like for
an upper ontology and a domain ontology built upon it).

Kapsammer et al. propose a mapping between the
metametamodel language Ecore (model engineering space)
and the ontology definition metamodel (ontology technical
space) [9]. Ecore belongs to the Eclipse Modeling Framework
(EMF) and it is used to describe models and metamodels. Also
the mapping proposed between EMF objects and OWL/RDF
resources [10] presents some difficulties (e.g., class member-
ship), because in object-oriented languages the membership of
objects is fixed along a derivation hierarchy. In OWL instead,
individuals can belong to multiple classes.

Hillairet et al. designed a set of Eclipse plugins that are able
to make a round-trip transformation between OWL and Ecore.
The project (named EMF4SW) is not yet mature enough to
cope with large and complex ontologies. However it is in very
active development and it is able to deal with relative small
ontologies.

Parreiras et al. describe a vision in which both worlds
(MDE and Ontology) co-exist under a common umbrella [11].
The concepts of Metamodeling Technical Spaces (MMTS) as
well as Ontological Technical Spaces (OTSs) are introduced,
derived from the work of [12]. They suggest some strategies
for integrating OTS into MMTS. Furthermore they provide a
list of desirable features for the “marriage” MMTS+OTS.

III. COMBINING ONTOLOGIES AND WORKFLOWS

Our field of application is that of laboratory informatics
and scientific experimentation. Relying on our experience and
on related literature we observed that laboratory procedures
are based on some key elements ( [13], [14]). They consist
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in workflows that describe some interaction between some
objects by means of some actions. As far as the descriptive
knowledge of this domain is concerned, the most relevant
ontology accepted by the community is the Ontology for
Biomedical Investigations (OBI). For the prescriptive part
of our effort instead, we opted for on BPMN/XPDL for
workflows definition.

A. Ontology for Biomedical Investigations

OBI is an ontology for the description of biological and
clinical investigations [15]. OBI describes the design of an
investigation, protocols and instrumentation, materials used,
data generated and analysis performed on it. The OBI project
is developed in the frame of the Ontology for Biomedical
Investigations (OBO) Foundry [16], and as such, it adheres
to the principles of OBO, as orthogonal coverage and the use
of a formal language. OWL was chosen as the OBI language.
The ontology is developed to model biomedical investigations,
therefore it contains terms for aspects such as:

• Biological material, e.g., DNA
• Instrument, e.g., centrifuge or thermal cycler
• Design and execution of an investigation, e.g., injecting

mice with a vaccine to test its efficacy.
OBI relies on the Basic Formal Ontology (BFO) upper on-

tology. An upper ontology describes concepts of the “Reality”
from a high-level of abstraction.

B. XML Process Definition Language

XPDL is a markup language created to ensure interoperabil-
ity among different workflow management systems. Its main
goal is to exchange process definitions, addressing both the
graphical and the semantic notations.

The meta-model of XPDL involves the definition of ac-
tivities, the specification of their order of execution and the
involved data. The flow of execution is specified through
different constructors: sequence, split, join. An elementary
activity is an atomic piece of work [17]. An Activity could
modify relevant data declared as DataField. In addition to
standard types a user could add external types (by means of
an XSD declaration or an external reference).

C. Mapping XPDL and OBI

Finding a method to relate the MDE architecture (its layers
of abstraction) to the ontology schema is key to facilitating the
systematic use of ontologies inside prescriptive models. Based
on the literature we reviewed we built a relation between the
classical layers of the MDE architecture, BFO/OBI and XPDL.

Fig. 3 depicts the classic layers of MDE. The workflow
components of our formalism are fairly easy to place within
this hierarchy. XSD, the XML schema language used to
describe XPDL, can be positioned at the M3 level (i.e., meta-
meta-model). XPDL conforms to a XSD model and therefore
lies at the M2 level (i.e., meta-model). A valid XPDL workflow
(i.e., a model for the end user) is at level M1. A specific
esecution of a workflow resides at the ground level M0 (not
shown in the figure).

In XPDL, the concept of Activity represents the unit of
work. An Application is a particular kind of Activity that de-
scribes functionalities offered by legacy systems. In XPDL an
Application is invoked by means of a Tool Activity. In object-
orientation terms, an Application can be seen as an interface
for a functionality with a name and a list of parameters. We can
think of an interface as a sort of “contract” between a class and
the outside world. Every parameter is described with a name,
a type, and a mode of passing (input, output, mixed). The
Application construct represents the junction point between
the workflow world of XPDL and the ontological world of
BFO/OBI.

Before defining a mapping between BFO/OBI and XPDL
we need to also relate the former to MDE. BFO is written
using OWL, hence, in our schema of interpretation, OWL
is at level M3 and BFO at M2. OBI is a specialization of
BFO in the dimension of the description of the domain. It is
not a specialization in the linguistic dimension proper of the
MDE [4]. For that reason OBI places at M2 but in a sort of
orthogonal dimension to the classic hierarchy (which we show
horizontally instead of vertically in Fig. 3). A consequence of
this is that instances of BFO/OBI concepts (in OWL called
individuals) are at M1. Using this schema of interpretation
individuals are tags that have as referent the real objects that
we put at M1.

Having said that, it is easier to relate some of the BFO/OBI
concepts with the XPDL classes to produce a mapping
between elements of the two worlds. Table I presents the
resulting mapping.

TABLE I
MAPPING BETWEEN XPDL AND BFO/OBI. THE RELEVANT CONCEPTS OF

XPDL ARE MAPPED WITH CONCEPTS FROM BFO AND OBI.

Laboratory XPDL BFO OBI
Protocol Process Directive informa-

tion entity
Plan specification

Sub-protocol SubFlow Directive informa-
tion entity

Plan specification

Unique single step
of a protocol

Task/Tool Directive informa-
tion entity

Action specifica-
tion

Real world (e.g.,
Illumina sample)
or theoretical (e.g.,
Project) items

Data Type independent
continuant

material entity

generically depen-
dent continuant

information con-
tent entity

Objects properties Data Field specifically depen-
dent continuant

quality

The main concept of Protocol is easily mapped to the
workflow model by the notion of Process. In the XPDL
specification a process is defined as a “combination of various
activities with a specified flow of execution”. An internal
process consists of one or more activities, each comprising
a logical, self-contained unit of work”. We connected this
concept with the OBI concept of Plan specification, defined
as a ”directive information entity that when construct it is
realized in a process in which the bearer tries to achieve the
objectives, in part by taking the specified actions. Plan speci-
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Fig. 3. The BioCOW meta-model is built combining XPDL with BFO/OBI.
A standard XSD to Ecore transformation is used for XPDL. For BFO/OBI
it has been used an existing tool dealing with OWL to Ecore transformation.
As an example we show how the concepts of Action specification (XPDL)
and Application (XPDL) are mapped into Action (BioCOW).

fications includes parts such as objective specification, action
specifications and conditional specifications. A SubFlow (sub-
protocol) is a process itself hence the mapping is the same as
for process (i.e, Plan Specification).

The second main concept is the notion of unit of work. In
XPDL this is backed by the Activity class, which can be of
different kinds. One of those is the Task/Tool class, a service
or an application required and invoked by the process. In the
XPDL metamodel every tool declares a set of Applications.
We mapped this XPDL concept with the Action specification
in OBI, which defines it as a “directive information entity that
describes an action the bearer will take”.

Since an Activity is an atomic piece of work that may
modify relevant data (declared as DataFields) we mapped on
it both the XPDL concept of DataType and DataField. A
Datatype in our model could be, aside from standard type, a
OBI:material entity or an OBI:information content entity. We
chose to map a DataField with the OBI concept of quality.

D. Implementation

To build the described meta-model we used the technology
provided by the EMF and Ecore in particular. EMF provides
tools to automatically convert heterogeneous formats to Ecore.
Specifically there is a standard way to translate an XML
Schema Definition (XSD) file in the Ecore format. Since
XPDL is formulated in XSD we automatically imported it in
EMF.

For the transformation of the OBI ontology into the Ecore
format we followed the approach proposed by Hillairet et al.
[10]. In particular, we translated the whole BFO ontology and
the main classes of OBI from OWL. Using that approach we
were able to manipulate both the ontology and the XPDL
meta-model in a coherent way inside the EMF framework.

Our meta-model is built using as reference the XPDL meta-
model. In order to actually concretize the mapping between
XPDL and BFO/OBI we created a new class for every
mapped classes. That new class inherits both the XPDL and
BFO/OBI class as specified in the mapping shown in table I.
For example, the BioCOW:Action class has, as a superclass,
the BFO:GenericallyDependentContinuant class. It is worth
noting that we have not specialized directly the XPDL meta-
model since it is richer than we need for our purposes.

We therefore based our model on XPDL retaining the main
concepts and leaving out all the surplus details.

Using the resulting BioCOW (Bio-medicine Combined On-
tology [and] Workflow) meta-model, we are now able to
describe laboratory protocols in a formal yet intuitive way. By
means of the Obeo designer we are able to build a Graphical
User Interface (GUI) which associates graphicals symbols with
constructs of the BioCOW meta-model. The efforts required
to produce a GUI are greatly reduced using Obeo in contrast
for example to the Eclipse Graphical Modeling Framework
(GMF). Interestingly, however, Obeo still bases on GMF. The
graphical editor enables the user to visually specify the desired
protocols assembling components from the provided high-level
language. In this manner, the designed protocols constructively
conform to our meta-model.

E. Assessment

We are currently evaluating the BioCow meta-model in a
real-world laboratory environment with the help of domain
experts. We are comparing different frameworks analysing
protocols widely used in the laboratory under the dimension
of the language and mediation features.

IV. DISCUSSION

The direction of our work relies on the potential of using
ontology technologies in a MDE context. Thanks to the OTSs
we can, for example, enable automatic reasoning for model
consistency checking. Semantically assisted design (SAD) will
allow the adoption of “intelligent” editors. Another important
prospective is to enable systematic reuse of community-level
shared formalized knowledge.

We place ourselves in the framework of the Features Model
of Bridging MMTS and OTSs sketched in [12]. In our current
work we have focused on some of those desiderata like the
mediation. In fact, we have built a mapping from two specific
modeling spaces. (XPDL and OBI) onto two technical spaces
(MMTS and OTS). As part of that effort we were able to
integrate concepts of XPDL with concepts of OBI. Working
under the EMF toolbox we were able to incorporate some
of the features of MMTS under a common technological and
conceptual framework.
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