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Abstract

Knowledge intensive sectors, such as the pharmaagubave typically to face the problem of dealing
with heterogeneous and vast amounts of informatiorthese scenarios integration, discovery and an
easy access to knowledge are the most importatdréacrhe use of semantics to classify meaningfully
the information and to bridge the gap between tifferdnt representations that different stakehader
have is widely accepted. The problem arises wherotiiologies used to model the domain become too
large and unmanageable. The current status oktimology does not allow to easily working withsthi
type of ontologies.

In this chapter we propose the use of networkedlogies to solve these problems for the particodese
scenario of the nomenclature of products in themphaeutical sector in Spain. Instead of using glsin
ontology, the idea is to break the model in sevaraaningful pieces and bind them together using a
networked ontology model for representing and mantaelations between multiple ontologies.

The Semantic Nomenclature is a case study thatriemtly under development in the EC funded FP6
project NeOn [1]. Among the main objectives of tase study, are helping in the systematizatiomef t
creation, maintenance and keeping up-to-date dzlaged information, and to allow an easy integratio
of new drug resources. In order to do that, thee cady tackles the engineering of a drug reference
ontology, the provision of easy mechanisms for aiscy, model and mapping of drug resources in a
collaborative way, and the ability to reason ondbatext of user and ontologies to ease the mamoidg
retrieving processes.

1 Current Situation

One of the most important issues in the pharmaca&usiector regarding the description of medicirges i
that of having a common and unified nomenclatutepS§in that direction have been taken by different
international bodies and organizations. A number ctdssifying systems, thesauri, taxonomical
classifications and even ontologies have arisethénlast years. However, the current scenario as th
there is no unified way of naming and work with ghnelated information. In the next paragraphs &kjui
overview of the most used international classifmaschemas and nomenclatures are depicted.

The Anatomical Therapeutic Chemical Classificatystem ATC classification) is one of the most
widely used classification of drugs [2]. It is cmited by the WHO Collaborating Centre for Drug
Statistics Methodology, and was first publishedL876. Medicinal products are classified accordimg t
the main therapeutic use of the main active ingmtglion the basic principle of only one ATC code fo
each pharmaceutical formulation (i.e. similar irtiesmts, strength and pharmaceutical form).

1 WHO: World Health Organizatiohttp://www.who.int



SNOMED (Systematized Nomenclature of Medicine) is a syatéally organised computer processable
collection of medical terminology covering mostasef clinical information such as diseases, figdjn
procedures, microorganisms and pharmaceuticals. ddwgn of this Nomenclature is based on
Description Logics. SNOMED CT is one of a suitedekignated data standards for use in U.S. Federal
Government systems for the electronic exchangédiri€al health information [3].

Medical Subject Headings (MeSH) is a huge contdollecabulary (or metadata system) for the purpose
of indexing journal articles and books in the ligeiences including drugs and pharmaceutical
preparations. Created and updated by the Unitad<sSkéational Library of Medicine (NLM), it is uséxy

the MEDLINE article database and by NLM's catalédook holdings. MeSH contains around 23.000

subject headings which are arranged in a hieraadkycould be viewed as a thesaurus [4].

Also, the globalisation in the marketing of drugsdasharing information among pharmaceutical
professionals, the competent authorities and ldboes has contributed to the creation of termigae

as MedDRA. This terminology is used mainly in phacavigilance, due to MedDRA has a high number
of terms for coding diseases, symptoms, diagnosis...

There are more thesaurus, taxonomical classifiesti@or medical languages as the Unified Medical
Language System (UMLS) [5]. UMLS is a controlledrgmendium of many vocabularies, not only about
pharmaceutical products, such as LOINC, RxXNORM, HNCI and other, which also provides a
mapping structure between them.

Some medical ontologies such as GalddpenCyC or the NCI thesaurtéisdefine the concept of
pharmaceutical product and attempt to classifyedéfit categories of drug-related information. B t
current status is that there is a limited set dblmgies focused specifically on drugs, particylar the
description of pharmaceutical products.

Meanwhile, the Spanish governmental organizatiores vaorking in improving their Nomenclature
providing their information about drugs in the Siganmarket following mostly the ATC classification.
Figure 1: Overview of the Spanish Pharmaceuticaiosenain stakeholders shows the main actors of the
pharmaceutical sector in Spain, depicting the rifarcycle relationships.
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Figure 1: Overview of the Spanish Pharmaceutical stor main stakeholders

2 http://www.opengalen.org/index.html

3 http://www.opencyc.org/

4 http://www.cancer.qov




The main actors represented in the previous figuee

« The Ministry of Health edits and provides two offic databasesOgitalis, Integrg with
information about pharmaceutical products in Sgaiary monthDigitalis is the nomenclature
officially used in the invoicing of prescriptions@contains data such as the identification of the
pharmaceutical product, prices, composition of thedicine, etcintegra stores information
about pharmaceutical products consumed (and aaséa)lin the hospital field

e The Spanish General Agency of Drugs and SanitaogllRts (Agemed) provides a SW tool
(Datolabg with the information about all pharmaceutical cipéties for human-use authorized
or in process to be licensed. Reports and aledstdhe products.

* Some other Regional governmental bodies have ragplities for managing the drug market in
their region delegated by the central government.

e The European Agency of Medicine is in charge oftisgt European-wide rules and
recommendations in the pharmaceutical sector. Fldnan is intended to be a source of
information on all medicinal products for humanwveterinary use that have been authorised in
the European Union (EU).

« Among the responsibilities of the General Spanistur@il of Pharmacists (GSCoP), are the
representation, coordination and enabling co-omeramong the pharmacy profession in Spain.
GSCoP provides to its members the Health Informablata BaseBOTPIug for having access
to harmonised, updated information on medicineigpts, diseases, treatments, etc. It includes
around 140.000 pharmaceutical products.

» Laboratories and wholesalers provide legacy systamsresources with descriptions about their
own products.

The number available of drugs today in the Spampbkbarmaceutical domain is enormous. The vast
amount of information related with these drugsifBalilt to gather, combine and comprehend. Theee a
several lists of information about drugs availatniehe professionals, but the interoperability a&ady
cross-checking is far from being achieved. Usirgjaadardized outline format would be desirable,i®ut
not the current situation.

On the other hand, the information must be kepttodgate. Thus the inclusion, modification or
withdrawal of drugs is subject to a workflow orli€ycle that involves most of the stakeholdersitirg
performed according to the Spanish and Europearaggns.

In November 2004, the Spanish Ministry of Healttblmhed a strategic plarwhere some actions to
promote the sharing of information about medicifegtween the professionals of the sector was
proposed. One of the main goals of this plan wasetluce the costs derived from the promotion and
searching of information, because these costs aalect influence on the price of the medicinesmieiv
nomenclature (widely called “vademecum” in Spaiithwmore advanced features would be of great help
to achieve this objective.

In summary, there is a clear lack of systematiratiw the creation, maintenance and update of thg-d
related information. Moreover, there is no reasgnivolved in management of this information, ahd t
interoperability is far from being achieved.

1.1 Problem Statement

The past decade has seen the rapid developmemtalbgies applied to the medical sector. There are
some efforts devoted to develop ontologies in tharmaceutical domain, but these ontologies are far
from being mature and have not reached the Spaaustr at all.

One of the tasks of the W3C is to establish reconglatons for generic technologies on the World Wide
Web that operate between the underlying transpyrerl and the applications specific to individual
industrial sectors. We can read from [Fpr classifying symptoms, diagnoses, treatments dgmds,

medicine abounds with indexing systems and coattoNocabularies. The Resource Description
Framework (RDF) language from W3C is an XML apglma that supports the representation of

5 AGEMED - Agencia Espafiola de Medicamentos y PrtmtuSanitarios
6 http://www.anisalud.com/ficheros/Plan.pdf




controlled vocabularies, thesauri and term listsanhthe relations between the terms are weaklydéfi
Built on top of this is the OWL language to repregsantologies. An ontology is a conceptual model of
domain of discourse, it is not just a thesaurusaderm list. The relations between items in an logyp
are defined much more strictly than in a simplentdist or thesaurus. This enables more precise
reasoning to weed out erroneously defined termd, tandynamically generate new concepts and their
definitions that can be derived from those alreansiuded. In the medical domain thesauri such as
UMLS and ontologies such as UK Drug Ontology canrégresented in these languages and then
interact with the XML representations of other domeunts.

However, as stated before, there is a clear lackrologies tackling the description of pharmaazaliti
products. Besides, the number of drugs availabliaytds enormous and the Spanish pharmaceutical
sector is a very complex, heavily regulated secdacording to the GSCoP, this sector is even more
complex and opaque than it seems. There are sestata@holders interacting with each other, but the
communication and sharing of drug-related inforomatis very limited. In fact, in the opinion of the
GSCoP, a high confidentiality leads to a lack ahamunication and brings difficulties in the exchamde
information between the different stakeholders.. gx®e of the activities promoted by the Spanish
Ministry of Health, as it is stated in the law,tiee collaboration and exchange of information about
pharmaceutical products between the stakeholdelginky to solve this issue is critical.

The complexity of the sector has a reflection ia technological problems they face. Each stakeholde
maintains the information in their own format. Whan actor requires information from others, in the
best case scenario the information is providedigiigrtand in a different format. Consequently tregad
has to be reformatted and completed by diggingiffarent sources. That means that not all inforomati

is obtained in an electronic format. For instanbe AGEMED sends monthly a list of the new
pharmaceutical products in paper to the GSCoP aguny a brief description of each product (around
eight attributes). With this information, the GSCladve to contact other actors to obtain complengnta
information. Depending on the stakeholder, the @cns made using different means of communication
(fax, telephone, e-mail, etc.). Finally, once thimirmation is retrieved, it takes 2-3 hours of ghtacian’s
time to update the pharmaceutical database. In s@®es it is obvious that the information is olsdin
depending on the technician’s abilities and expeeein persuading laboratory and government workers
to facilitate the required information.

This scenario suggests that there is a place fidatéorm that would allow different actors with éise,
complex and heterogeneous interests to develoglaboaative environment, in which the information
and the processes, enriched with underlying seogntiill provide an improvement in the quality of
service presented to the different stakeholders.

2 Proposed Solution

The need to share diverse knowledge and informatitin other applications already built has giveseri
up to a growing interest in research on ontologieBut, what is an ontology¥hile a variety of
definitions of the term ontology have been suggkstewill use the definition first suggested by Studer
et al [8] “... an ontology is a formal specification of a shdreonceptualization..."Through the
representation of domain-specific knowledge, orgias provide a way of sharing and reusing knowledge
among people and heterogeneous applications. Sologies are one of the core resources in any
Semantic Web application enabling semantic intenaiméty and integration of data and processes.

In recent years, studies published by Gartner Gf@lpanks ontologies as third in their list of ttogp 10
technologies. According to this study, we are noweeng a phase of knowledge system development, in
which ontologies are produced in larger numbersexnibit greater complexity.

High-intensive knowledge sectors, like the pharmtécel, are the objective of the ontologies in orae
build a new generation of semantic web applicatiwhgh can deal easiness with large volumes of data
and large and reusable resources which are cortppldsal with them with other technologies.

This new generation of applications will thus reflehe fact that new ontologies are embedded in a
network of already existing ontologies and thatotogies and metadata have to be kept-up-to-date wit
the changing application environments, sector asuisl needs.

Based on this scenario, semantic integration bynsieaf one global semantic model is probably
unmanageable. In contrast, a solution for the sémartegration based on a network of contextualize
ontologies provides more facilities for maintainiaget of ontologies locally consistent and itleady
easier to manage.



However, in order to work with several interlinkedtologies a set of new tools, methodologies and
techniques are needed. The NeOn project addrdsiseshiallenge, offering a set of methodologies and
technologies for realizing this new generation efmantic applications, from foundational researah fo
contextualised networled ontology environments ppligation-level demonstration of collaborative
ontology creation, population, maintenance and scc€onsequently, the Semantic Nomenclature case
study will use NeOn as foundations.

2.1 Objectives

As is described before, there is no common modsignificant development on ontologies of drugs in

the Pharmaceutical sector in Spain. One of objestiof this scenario is cover this lack, where our

proposal is to create, from existing sources aretrmas, a common reference model of the Semantic
Nomenclature valid for all the stakeholders. In@en words, Semantic Nomenclature consists of the
creation of a reference model for a Semantic Notaéure that complements typical pharmaceutical

compendium characteristics by giving flexible, exdible and reliable information about drugs to the

users of the Pharmaceutical domain.

2.2 Overview

NeOn provides the following definitiorNetwork of Ontologies is a collection of ontologietated
together via a variety of different relationshipsick as mapping, modularization, version, and
dependency relationships. We call the elementsigfbllection Networked Ontologi€k0]. And define
four main ontology assumptionddynamic (ontologies will evolve), Networking (ontologies are
interconnected via mappings or by means of reuShpred (ontologies are shared by people and
applications), aneContextualizedontologies are dependent of the context in whihbuilt or are used)
[11].

The reference ontology model of the Semantic Nohatme will be based in this definition. In this
sense, the reference ontology model is developestdomn the schemas of the main sources of
information about drugs in Spain: Integra, DiggalBOTPIus and in the ATC Classification. Moreover
this reference model will be mapped to externatsesi of the same or similar domain, such as Snomed,
connecting the reference model with other inteometi medical vocabularies.
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Figure 2: Reference ontology model and drug data soces

Based on this solution, the case study provideslhborative scenario to ease the communication
between the stakeholders, including an applicatiwat allows users to query and process all this
information in order to get and make use of ak ttmnowledge and infer new one.

The first version of the reference ontology, pluseaof core ontologies (Digitalis, BOTPIus, Ini@gnd
ATC), was developed in 2007. In 2008 the ontologiwork will evolve and will be mapped with other
ontologies , such as Snomed, MedDRA, EudraPhan, et



The aim of the Semantic Nomenclature applicatiortoisimprove the medical product information

management within the Spanish pharmaceutical domkioh is presently decentralized in several data
bases and repositories. The application uses thenpateutical ontology network, which contains the
Pharmaceutical Reference Ontology, which centralihe key medical product information and links the
rest of ontologies each others. This ontology nektvie especially useful for allowing a more complex
information retrieval as well as resolving medigabduct identification and different classification

alignments. In spring of 2008, the first versiontied Semantic Nomenclature prototype applicatian fo
the end users will be provided.

3 Solution Details

3.1 Ontology development

3.1.1 Methodology followed

The realization of real-life applications in the ng&ntic Web requires the ability to deal with
heterogeneous ontologies fragmented and distritaed multiple autonomous nodes.

Next generation semantic applications will be cbemdzed by several ontologies linking each othet a
networking and sharing knowledge. The aim of Ne@sjgut is to create the first ever service-oriented
open infrastructure, and associated methodologwgupport the development life-cycle of such a new
generation of semantic applications that will nelya network of contextualized ontologies.

As is described before,Metwork of Ontologies is a collection of ontologiekated together via a variety

of different relationships such as mapping, modation, version, and dependency relationships.
with the help of networking ontologies and methadi#s, technologies and tools provided by NeOn, we
aim to fulfil the requirements posed by the phareogical sector. We will be able to carry out the
development of a new generation semantic applicatéble to achieve a better management, integration
and exploitation of the large quantity of knowledgguired by this particular sector and also previd
new functionalities and services to the business.

Using networked ontologies instead of a singletre¢imed one, will allow to the different stakehetd of
the pharmaceutical sector to maintain their curranotlels (formalised as ontologies), while the NeOn
infrastructure and modular framework takes cartheifr interlinking and mapping.

Currently there is not a methodology to work witletwmorked ontologies. NeOn will provide
methodology to support the collaborative constarctind dynamic evolution of networked ontologies in
distributed environments [12]. In the mean time #ase study is following the Methontology guidesin
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Figure 3: NeOn methodology

It was decided that the best method to adopt fisrittvestigation was to use the recommendations and
suggestions coming from NeOn to develop networkeétblogies in a distributed scenario. This
methodology is an extension of the Methontology] [i®re dedicated to networked ontologies and the
new generation of semantic web applications. Inabréerms, the proposed methodology describes
different activities and tasks identified in thet@ngy lifecycle development and each simple sderiar

an instance of the needed activities needed in gaetific scenario.

According to the methodology, first, the ontologyg@eer must specify the needs that the ontology ha
to satisfy in the new application, their intendestsl and which are the users of the ontology. Fer th
preliminary task, the methodology suggests to $pelifferent competency questions in order to help
solve the first doubts, and identify the objects tbé discourse of the domain. In the Semantic
Nomenclature scenario these objects of discoursereedical products, active ingredients, substances,
laboratories, pharmaceutical forms, administratinathod, etc. After this specification, the ontology
expert should identify terms that belong to commatologies like terms related with time, geographic
information, etc.

In parallel, the methodology recommends a reviewhefinventory of resources needed in the scenario,
such as standards and classifications, thesauogsbularies, taxonomies or ontologies that could be
reused. The goal of this study is the reusabilityesources. The ontology engineer searches, eealua
and selects the most appropriate resources. Theenatt the resource will lead to include the ongyldn

the networked ontologies, or perform ontology réeaegring tasks.

Finally, the ontology expert should carry out tlemeeptualization of the objects of the discours¢hef
domain, considering tasks such as of ontology ipabn and modularization, pruning, etc. Then the
ontology is formalized and implemented and readybéoused and maintained in the new semantic
application.

Around this ontology lifecycle, the methodology gagts different ontology support activities thaddt
be taken into account, like configuration managen@ecumentation, elicitation, evaluation, etc.

3.1.2 Towards a Semantic Nomenclature reference ontology

It has conclusively been shown that the Spanishrnpheeutical sector lacks of a ontology that
encompasses the description of pharmaceutical ptedéiccording to the characteristics of the sdenar
and the recommendations of the methodology, theofise network of ontologies for representing the
reference ontology in the pharmaceutical sectomsege be a good solution.



This reference ontology model should be a compitatif the main terms and objects related to drings,
general aspects of them and classify this pharnti@e¢terms according to the ATC classificatiomca
it's the WHO recommendation and is followed by piarmaceutical experts in Spain (Europe).

Also, this reference ontology model is connectethhe ontology models of the main databases which
contain the information about the pharmaceuticatipcts available in the Spanish market as Digitalis
BOTPIus. In the end, the reference ontology co@difked with the main medical vocabularies used in
the world and should facilitate the integrationraw resources or ontologies that will appear in the
evolved scenario.

3.1.3 The Semantic Nomenclature network of ontologies

For the purpose of developing a network of ontaegfor the Semantic Nomenclature scenario, we
followed the modular approach suggested by the N@@thodology. The development of the Reference
Ontology and the Nomenclature network ontology @tivated by scenarios presented to the end-user
application that will use the ontology network.

The ontology network lifecycle model decided was iterative/incremental model. This decision was

taken up based first on the decision tree provislethe NeOn methodology suggested in [12], but also
from the identification of requirements of the Sei@ Nomenclature Ontology network, and on past

experiences developing ontologies.

The main motivation of this decision is that theaphaceutical scene is more or less static in their
models, the pharmaceutical sector has a low fre;yueh change at the model level (not at data level)
From that we deduced that there will not be margngles in the ontology network requirements. Other
reason that motivated this decision is that itlenped to produce different versions of the netwdrk
ontologies and application during the next months

Following the methodology described before, firftath, several competency questions were defined.
Specific competency questions related with the Rhaist are for instance: What is the drug commekrcia
name? What is its Spanish national code? Whichstie drug therapeutical WHO group?, etc.

From the competency questions, we extracted tingineiogy that is formally represented in the ongglo
by means of concepts, attributes and relationsm¥dalso known as predicates) and the objectsein th
universe of discourse (instances) are identified.

From this terminology, we checked that some oftdrens (dates related with pharmaceutical product,
dosage of the drugs, location of the laboratoryufeaturers, etc), were related to common domaiohk su
as time, geographical or measure. Accordingly, exgewed existing ontologies on these domains, and
evaluated them. The result was mapped to the referentology.

The next steps was studying standards and resqueuatiate them and starts defining the domain
ontologies of the model. Starting from the basistloé glossary and terminology extracted, the
pharmaceutical reference model was modeled, baséttbanain schemas and the ATC classification.

In parallel, the selected standards and pharmaetdiassification systems, thesaurus, taxononies a
vocabularies were reengineered in order to progidgemantic enrichment before reusing them in the
model. These resources are the main databases aim figitalis, Integra, BOTPIlus). The ATC
classification and Snomed vocabulary are consida®dhe most important de facto standards that
connect and the Nomenclature network ontology.

Finally, the main source of knowledge and datahis scenario, the pharmaceutical databases, were
reengineered and modelled as ontologies. In thes@hDigitalis, Integra and BOTPIlus are modelled as
ontologies and populated their models from the liketas. Concepts from these models are networked
with the Nomenclature ontology network, integratthgir information.

Other resources suggested by pharmaceutical piofieds were the online vademecum (vademecum,es),
and medical vocabularies. Thesaurus and taxono(®4,S, MedDRA) from international bodies
related with pharmacy were analyzed trying to tiaav the pharmaceutical product are described ierord
to find connections between them and the our models
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Figure 4: The reference ontology as a network of dalogies

Figure 4 shows the Semantic Nomenclature Ontologiwirk. The pharmaceutical reference ontology
model is enriched with the general ontologies (Titecation, Units...), and connected via mappings
with the ontology models as Digitalis or BOTPIus.dddition, the pharmaceutical reference ontolagy i
related with the most important classification systontologies as the ATC or Snomed (in grey meaning
that is due for a second stage of the network)allinin new iterations of the lifecycle model, the
pharmaceutical reference ontology should integrete resources or ontologies related with the main
medical vocabularies used in the world.

This ontology network outlined in this chapter igaed with the goals and expectations extractedhfr
the pharmaceutical scenarios depicted before: ratiesn of existing pharmaceutical resources. The
ontology network architecture facilitates the agatéon of drug-related information, because the
reference ontology is mapped and related with gpbatmaceutical ontologies at different levels.sThi
network will be useful as well as foundation ofeasf the Semantic Nomenclature application objestiv
The update of the BOTPIlus database. This is a @est@nario to show the possible business impact of
networked ontologies. The pharmaceutical proddorination gathered in the networked ontologiesis a
added value to bodies such as the GSCoP in ordempmve their commercial database reducing their
updating process effort and complementing typitermaceutical compendium characteristics by giving
flexible, extensible and reliable information abduligs to the users of the Pharmaceutical domain

3.1.4  Architecture of the Semantic Nomenclature network ontologies

The Nomenclature Ontology Network is organizechiree levels: the Pharmaceutical domain ontologies,
the Application domain ontologies and the Genenafologies. Figure 5 shows the levels of the
Nomenclature Ontology Network based on reusalitgt usability of the levels.
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The representation ontology language (OWL) is atlthse of the pyramid showed in the previous figure
On top of it, the reused vocabulary is depicted.

In the domain ontology level the ontologies or ¢oy modules which define several notions and
concepts of the pharmaceutical domain that aretaatiasl in the sector are included. The Pharmacalti
Reference Ontology is a compilation of the maimi®and objects related with pharmaceutical products
and the general aspects of them. Also, in thisl lemtologies are included, which provide a clasatfion

or vocabulary of these pharmaceutical terms, is thise, the ATC classification (because of thetfaat

is the WHO recommendation and is followed by tharpfaceutical experts in Spain and Europe) or the
Snomed vocabulary.

The common ontology level groups the ontologiesiaddn the ontology network for describing any sort
of real world objects and things, which could bentérest in some areas of discourse. Here araded|
ontologies as Time ontology, Geography ontologyit¢Jontology...

At a top level, the application domain ontologie® @rouped. These ontologies are specialized in
representing the knowledge of the real-world resesirin other words, they are the ontology modgls o
the main databases which contain the informatiooualbhe pharmaceutical products available in the
Spanish market, as Digitalis or BOTPIus.

3.2 Architecture of the case study

3.2.1 The Semantic Nomenclature and the NeOn architecture

The Semantic Nomenclature application is basedhenNeOn architecture and the functionalities that
NeOn provides. The general architecture of NeOoréered into three layers. The layering is done
according to the level of abstraction of the data #he process flow between the components.

In the lowest layer, called Infrastructure servica® classified the basic services like repositanyice,
reasoner...needed by any semantic application. énntiddle layer are included all the ontology
engineering components developed in NeOn. Thesepaoemts realized their tasks over the
infrastructure services, and they are differentidietween tightly coupled components (editors, rivapp
visualization algorithms, etc), and loosely coupdedvices, such as annotation or collaboration stipp

The GUI components are placed at the top levehefNeOn architecture. In this layer this components
are user front-ends for the engineering comporemdsfor the infrastructure services.
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NeOn provides a number of services which allow mganmpand supporting the entire ontology lifecycle,
from design to exploitation. The main propertiestoé NeOn architecture are its adaptability and
extensibility. These two properties are crucial tiee use and deployment of the NeOn infrastruciture

the context of the pharmaceutical scenario, whee© infrastructure will be customized to support

specific user requirements.

Figure 7 describes the Semantic Nomenclature architectutegrav different blocks with different
functionality can be distinguished. These blocks @alated to the three layers differentiated in NeO

architecture.
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At the infrastructure block, the Semantic Nomengiatis supported by the services provided by NeOn,
such as the model API, a repository service, aoreas etc. Above this block, the application corga
the engineering components needed for the purpbsbeonetwork of ontologies and the semantic
application. In our case, we identified services ¢mtology experts, such as the mapping service,
annotation service, etc. Also services for the esel (pharmacist) such as the query service, ptipula
service, etc., were identified.

The Semantic Nomenclature middleware is locatedvdxt the GUI and the engineering layers This
block manages the communication between the vimatédn and engineering components blocks. The
visualization components interact and link to tlifecent services across the Semantic Nomenclature
middleware and provide to the users a graphical wEthese services. With these services, the weidrs
interact with the different resources stored initifeastructure services and can create/modify thEnis
block is the one which manage all the workflowlwd different scenarios identified.

The visualization block contains the user interfatigat interact and show to the end user (ontology
experts & pharmacists) the services to edit onielbgand visualize, browse and validate the
pharmaceutical knowledge.

3.2.2 The architecture for Ontology Engineers

Based on the problems detected on the pharmackesatieaario and the solution proposed, two sub-
scenarios can be differentiated according to tiieraaf the tasks to be developed and the usecdvied.

On the one side, ontology engineers need an actinigethat allows them to develop and support the
entire network ontology lifecycle and on the ottede a semantic web application which allow
pharmacists browse, query and reason over the Ndatare Network ontology and keep update their
databases has to be provided.

In the first scenario, the ontology engineer nekdha components required to support building and
maintaining the network of ontologies. Derived frdin@ scenario, different functionalities as ontgiog
edition, mapping edition, annotations, populatiard acontextualization of ontologies are needed to
develop the scenario. These functionalities arevigenl and covered by the NeOn toolkit. Also, NeOn
Toolkit provides different visualization componet® identified in the scenario to facilitate thémeks

to the ontology engineers and show the resultseblar, the infrastructure services provide a rdposi
and access services to the engineering componentthé different resources of the Nomenclature
networked ontologies.
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3.2.3 The architecture for end-users

Services needed by domain experts are related satrching, querying, navigating and updating
information about drugs. To fulfil this scenaricethrchitecture should provide different functiotiad
than the previous one. End-users are not ontologeres, so they need a user interface that should
provide a higher level of abstraction of the ungied ontologies

The end-user will interact and navigate with then8etic Nomenclature network ontology in order to

search and select information related with the $bampharmaceutical medicines. The engineering
components provide functionalities such as sumrnmayithe content and rating the provenance of the
sources, querying the network of ontologies abbet latest changes in the pharmaceutical domain,
reasoning services, and population and updatimtatabases.
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3.3 Implementation

3.3.1 Usage and adaptation of the NeOn toolkit to the Seantic Nomenclature

The different services, components and functioiealitdentified in the three layers of the architeetare
covered by different tools and services of the Ne€uikit, mainly at ontology engineering components
and infrastructure services.

In the first sub-scenario, one of the most impdr&Emvices is a GUI component for creating andireglit
the Nomenclature network ontology. This GUI is pded by the NeOn toolkit, which evolved from the
latest versions of Ontostudjoallowing ontology engineering in OWL format. Mokeer, the NeOn
toolkit provides other tool for model ontologiedled Ontogen, a system based on machine learnidg an
text mining techniques [15]. Ontogen suggests qotscand relations extracted from a large and mass
quantity of documents provided by the user at #mgirfning of the construction process.

Other important issue in the scenario is the mappimctionality. This functionality is crucial fahe
ontology engineer in the development and lifecyéléhe networked model. The NeOn toolkit provides a
Alingnment Server [16] for discovering and suggastmappings based in their context between two
ontologies in an automatic way. Also, NeOn toofkibvides a mapping metamodel and graphical means
for draw mappings manually between different models

7 http://ontoedit.com/content/index_eng.html




Other important aspect of the solution is the catioa between the main databases and the ontology
models. For this purpose, NeOn toolkit and the Uptelvide a technology called R20 & ODEMapster
[17]. This technology is based on the declaratizscdiption of mappings between relational and agfpl
elements and in an exploitation of mappings bymala independent processor. R20 & ODEMapster is a
useful framework to upgrade relational legacy dd&tabases) to the ontologies.

For ontology annotation, NeOn provides two toolstfis purpose. Magpie is an annotation tool tfssisu
the ontology infrastructure to semantically markwsgb documents on-the-fly [18]. Magpie tool aims to
identify and filter out the concepts-of-interesbrfr any webpage it is given. The other annotatiah to
called GATE provides an easy to use interfaceridicating which pieces of text denote which of your
concepts of your ontologies, doing the annotati@mually or automatically [19]. In the pharmaceutica
scenario annotation is clearly identified and usédten some source of knowledge are identified as
reports or documents from the government aboutsaleews or recommendations about the drugs and
their content should be annotated into one ontolagyel of the Nomenclature network ontology.
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Other functionalities identified as the translatgervice or multiguality of the model are coveregdtime
multiguality model provided by NeOn and the Term&ator tool. Summarization, provenance and trust
service are supported by the NeOn toolkit in ordehelp ontology engineers and end-users in their
analysis of the purpose of the ontologies and idetfae application.

The Infrastructure services block will be in chamfestoring all the data the system needs. It store
ontologies, metadata, annotations, mappings, cgjemnides that the users have designed and the most
relevant databases in the Spanish pharmaceuticabido For the end-users, NeOn provides Query
service, a registry to access all the elementsRemboning service at infrastructure level. The Quer
service is quite important scenario. In the SersaNbmenclature application we provide searching
facilities to the users, in order to find the infation in a faster and more accurate way. This Yuer
service attack the infrastructure services anduress in order to find this information to the ysand
should provide facilities to build queries in natutanguage or similar. This natural language query
functionality is beyond the repository service bé thasic NeOn infrastructure, and it is not onehef
main priorities of the case study. ORAKEL, an eegiing component from University of Karlsruhe
tackles this functionality [20].

The reasoning service is a crucial service in tlasecstudy. Using this service, the Semantic
Nomenclature can check the Semantic Nomenclatusteisy when a new pharmaceutical resource is
added, or can search about new resources provig#temetworked ontologies in order to add it te th
system or find new information and pharmaceutieghdicross the different information sources ireord
to update the BOTPIlus database. NeOn includes KA@blI2easoning service [21]. KAON2 is an
infrastructure for managing OWL-DL, SWRL, and F-iogntologies. The main features of the



infrastructure are an API for programmatic managgeneé OWL-DL, SWRL and F-Logic ontologies, a
stand-alone server providing access to ontologiesdistributed way, an inference engine for answer
queries expressed in SPARQL syntax, and a modulexXtacting ontology instance from relational
databases. The main relevance for the Semantic Ngdatare scenario is the KAON2 ontology
management, inference service (in order to seaggh drug information across the ontologies) and the
module for extract ontology instances from the mpharmaceutical databases in Spain (BOTPlus,

Digitalis, Integra).
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The communication between the GUI components aads#rvices will be based on HTTP and Web
services for the loosely coupled services like“tPlearmaceutical Browser” and a tightly coupled mlie
The application will be web-based.

3.3.2 Business case implementation of the case study

There are four main application functionalities aedvices that the Semantic Nomenclature will plevi
to end-users: drug knowledge alert system, newscsercollaboration tools and update service..

One relevant functionality is the Drug knowledgerabystem. The Semantic Nomenclature application
will select relevant drug information and pharmai=ul alerts to inform to the pharmacists, takingpi
account their preferences and experience. As dt resthat, the pharmacists could access to thestat
information provided by the main information sowwc@yovernment, laboratories and professional
entities).

The News Service provides to the users additiarfakination and news about pharmaceutical extracted
from web pages, documents, and other resourcdatedewith the pharmaceutical professional and
suggested by the end-users.

Other relevant and innovative functionality is tt@laborative scenario through a social network agno
professionals for a better communication between gharmaceutical stakeholders. The collaborative
tools could provide to the pharmaceutical commumitpew way of sharing knowledge. A Semantic
Nomenclature wiki could be very useful for the ersdrs, because this tool could provide accurate
content and the pharmacists could use it in the@ryelay work. Furthermore, the end-users have the
chance to edit the content, validate it, exchanmug share experiences and subscribe to their tagics
interest. Moreover, this collaborative tools and ittformation provided by the pharmacists couldibed

to analyzed and processed by the Semantic Nomearelat order to annotate this information to the
correspondent elements in the ontology network.s&hennotations could be offered as added-value to
the knowledge of the Nomenclature network.



The Update service is one of the core facilitiesvjuted to particular actors to update their legagstems
with the latest information. The main pharmaceltazors and end-users of the information can take
advantage of the Nomenclature network of ontologiesorder to gather information about the
pharmaceutical products from different sources ntl ancorporate into their legacy systems. This
information is checked and provided with a provemarnating and the end-user can validate it before
update their legacy. We aim to implement an exarapthis service during the NeOn project life-span.

4 Alternatives

As it was explained before, the vast amount of rimftion related with drugs in the Spanish
pharmaceutical sector is difficult to gather, congband comprehend, but the interoperability ang eas
cross-checking is far from being achieved. Besitlesy are not several alternatives for solving |k

of communication between the main actors in themhaeutical business scenario.

As is described in the beginning of the chapteregsent years the Spanish Ministry of Health pligidsa
strategic plan [22] where some actions to promb¢esharing of information about medicines between
the professionals in order to reduce the costyvel@rfirom the promotion and searching of informatian
new nomenclature with more advanced features woeildf great help to achieve this objective.

The main competitors in the Spanish case studytlaecurrent applications already available, as
BOTPIus or vademecum on-line. These resourceshareypical compendium of characteristics of the
pharmaceutical products, but these applicationscawér the lack of communication and integration of
the information. In both cases, the tools are ne¢ bf charge, although some information and search
are publicly available in throughout the web.

At semantic web technology level there are not ceahpetitors in Spain or Europe. In the USA market,
Snomed and UMLS are the most important vocabulata&gely used by the official entities in their
applications. But the penetration on the Europearket and mainly in Spain is not significant.

5 Cost and Benefits

The Semantic Nomenclature focuses on a real dowietininformation heterogeneity problems that have
direct economical impact on the pharmaceuticalosedthe main result of the Semantic Nomenclature
application is the Nomenclature network ontologhe potential of the networked ontologies would
serve as a proof of concept for the pharmacewetor.

However, all the previously mentioned solution aedhnologies suffer some costs. Although the case
study software will be delivered as open sourcariter to develop a fully-fledged application, gnavill
be several steps with associated costs.

Although much of the NeOn toolkit is free of licamg costs, there will be a number of engineering
components and services that will be exceptionghétpresent time, NeOn is a project in progress, s
these issues will be further clarified during theation of the project.

Also, just as the pharmaceutical sector and markelve, the prototype should be customized foréa
client needs. That would mean for instance reuviesvrequirements of the pharmacists, reengineer the
network of ontologies, add new ontologies or crew& software modules.

Another problem with this approach is that is needeme time for personnel training for ontology
engineers, dedicated personnel to the managemetheofesources (finding new resources, rating
information, reengineering the ontologies in cdse gystems evolves, etc.) and specially for endsuse
which are not related with the semantic web teabgiek.

In contrast, the Semantic Nomenclature providesesdiffierent benefits for the pharmaceutical scenari
The two main concepts of the solution provided tlee scenario are integration of diverse systems
together and interoperability of the informatioredsby the different actors of the pharmaceuticatase
Networked ontologies is the better way of dealinthwnformation coming from multiple resources and
allow to the actors develop and maintain their d\W@terogeneous models, mapping one to other, integra
and exchange information in a dynamic view. Morepteis solution reduces costs for all stakeholders
against trying to solve their problems of integrativith one of each of the other stakeholders seplyr



Other benefit is that the Nomenclature Referendelogy will serve the purpose of bridging the gap
between different classifications and nomenclatuhestead of oblige everybody to follow the same
vocabulary (with has proven to be difficult), thensantic Nomenclature bridges the gap between
vocabularies encompassing current and future reeeur

Another important finding is the better and new astit-based search facilities. Against other tradil
types of searching mechanisms, the idea of "peligedasearch” actually requires semantic capaddliti
and provides facilities to build queries in natdasdguage or similar.

Interestingly, the most striking result to emergent this business scenario is that the Semantic
Nomenclature prototype is a clear example of howimprove the process of updating a private
stakeholder (GSCoP). This organization could kéejfr fegacy system because it is described abistract
in an ontology, connecting it with other modelsalele NeOn infrastructure and Semantic Nomenclature
business prototype as a bridge between modelséagtation solution.

6 Risk Assessment

In this business scenario and solution, differgpes$ of risks need to be taken into account, inofyud
technological risks, resources risks and marketexypdbitation risks.

At technological level, NeOn should reach a widghtécal community in order to enrich its platformda
to be accepted as a good ontology developmentitodikchnology changes and evolves requiring
redesign of NeOn architecture/tools adapting th©iN®olkit to them.

To take a stance against the market and explaitatéis, the Semantic Nomenclature must be predente
in pharmaceutical events to create awareness tsotbdon and review the needs and requirementiseof
end-users in order to adapt them into the prototypéhis line, finding a client to test the sodbuiiis of
great interest, although the risk is not as higlthasprevious ones. Also, we must take into acctlumt
GSCoP opinion about the difficulties sharing infation and in the communication between the main
actors in the pharmaceutical sector.

In this SWOT Analysis the strengths and weaknes$dle current Spanish pharmaceutical scenario in
relation with the Semantic Nomenclature are degdicléhis SWOT analysis has been conducted with
respect to the foreseen NeOn technology innovations

POSITIVE NEGATIVE

Strengths Weaknesses

* No solution currently offers software * No real client available.
that allows semantic interoperability pf

different pharmaceutical vocabularies. * The work to be done is too much for the

time of the project. Simplification of thg
BOTPIus is being developed and ontologies.
maintained by ATOS. This issue give
us a good understanding of this topl,
apart from the possibility of future
interaction.

INTERNAL

» There are other non-semantic topls
(BOTPlus, vademecum on-line) that
offers reasonable functionality in the
Spanish market.

D

+ The Nomenclature model has a sloy
evolution, low frequency of changes.

y




Opportunities

* The need of sharing information among
stakeholders is clear and is fostered|by
the government action plans.

e There is a clear need of improving the
interoperability between drugs
vocabulary.

« A Semantic Nomenclature could be| a
very useful tool for the set of actors pf
this sector.

There is a good quantity of resourges
and legacy systems about
pharmaceutical area, but in a few years
are going to be more and more comp|ex
and specific in the pharmaceutical and
health environment.

EXTERNAL

* No semantic competitors in the Spanish
market for this technology.

Threats

Semantic technology is not very we

known by the stakeholders.

The complexity of the sector may deri

in a difficult implementation in real

stakeholders.

There is a governmental initiative f

developing an integrated Nomenclature

ve

Dr

n

Spain. It is not based on semantic

technologies.

Failure of NeOn in delivering th
promising technology

Not good Semantic Nomenclatu

reference ontology development

Lack of awareness:

o Failure in dissemination and

adoption of the NeO

D

re

technology.

o Failure in the dissemination of
the Semantic Nomenclature
prototypes among the
pharmaceutical stakeholders |in
Spain

Table 1: Semantic Nomenclature SWOT Analysis

7 Future Trends

According to Tim Berners-Lee — the inventor of iMerld Wide Web (WWW) — data integration is the
Web’s next leap forward: “Progress towards betta dntegration will happen using the same basic
technology that has made the World Wide Web soesgfal in the first placahe link Nevertheless, the
Semantic Web will derive its power through linkidgta instead of documents as the current Web does.”

The current global business environment, whichvisheng swiftly, brings to the different companies
research and innovate new habits managing infoomati order to be more competitive.

According to these two premises, the use of sewmmdi classify meaningfully the information and to
bridge the gap between the different representsitibat different stakeholders have is widely aceept
The Semantic Web provides tools and technologid3F(ROWL, AJAX...) in order to facilitate the

integration of distributed and heterogeneous saurce

The current situation in the lifecycle of semamieb applications, technologies and ontologies is
anchored and need mature and dive into a new step rabust, where new methodologies and tools are
supported and ready to be used by the communitghi®mew challenges as integration tools. In this
aspect, the NeOn project takes advantage and m®wdpport in the lifecycle of the new generatibn o

semantic web applications.

Nowadays, each company has their own legacy systdatabases, formats... and just as is described
before, companies should integrate and share kheivledge with others in order to exploit theiralan
order to facilitate these tasks, the Semantic Wainnounity should provide mechanisms to structure
some relevant unstructured information of comparf@sails, reports, HTML...) or semi-structured
(databases) that the companies manage in their. Wids&, it will be useful provide to the end-uséhe

possibility of reasoning over the aggregated infation.



Other steps of the Semantic Web technology is geaugmentation of the information on the web. With
this feature, semantics provides more inference amgmation on the decisions or steps done by
computers inside business workflows. This will pdevreduce the off-line human decisions and lead to
faster overall completion of workflow. This resuitssaving money and greater productivity, and this
why "semantics" is important to business [24].

The solution presented in this chapter for the Hbtapharmaceutical sector, people from industry
observes that Networked Ontologies are useful &alidg with heterogeneous and shared knowledge.
Networked Ontologies adds a level of intelligenct ithe knowledge of the companies and provides to
the end-users a new way of sharing and mapping lettm® with people in related activities.

Market predictions for knowledge technologies froompanies like Gartner are based on market pull,
and assume the existence of mature technology. timyga is depicted that the state of Semantic Web
applications are not mature and at the early adaiégie focused on the knowledge management area.
The challenge faced in the coming years is to ‘£tbge chasm” to the early majority of the mainstrea
market, and extend the area to more business tndssssituations.

8 Conclusions

In this chapter is introduced the Semantic Nomenmacase study of the NeOn project as a solution t
cover the profound lack of systematization for trgp maintaining and updating drug-related
information in the Spanish pharmaceutical sectdre Thain contributions of the case study could be
identified in different sides. The pharmaceutiaa@rsario is a good test bed for the networked ogte
and their benefits against one large ontology.

In other hand, the main contribution of the SentaMbmenclature is the development of a set of
ontologies about the main drug information repai@t and resources in the pharmaceutical Spanish
sector, networked between them and also provide$eaence ontology. Currently, there is no common
model or significant development on ontologies afigé in the Pharmaceutical sector in Spain. This
reference model for the Semantic Nomenclature cemehts typical pharmaceutical compendium
characteristics by giving flexible, extensible araiable information about drugs to the users @& th
Pharmaceutical domain.

Semantic Nomenclature and NeOn technologies wiitrifoute in several ways to solving the mentioned
business problems in the Spanish pharmaceuticalagoe Through networked ontologies we hope to
facilitate the consensus forming process requingégurh a large-scale initiative. With the technglog
provided, only partial consensus needs to be aetliethe rest would be automatically managed by the
ontological infrastructure. Second, using automatiootation and mapping techniques, we signifigantl
reduce the cost of joining the initiative. We aitrzaro cost for inclusion: any organization mayjand
maintain its actual information interchange formatjile the technology takes care of mapping its
internal format to the agreed-upon ontology netwokkd also, we will provide more added-value
services as a news service and a better exploitaticche information stored in a distributed way in
several repositories.

The main benefits expected when these large onéslogre created and networked are made their
knowledge more robust and redundant, reasoningdardo obtain new aggregated knowledge, provide
more functionalities and more faster informationte customer.

The direction of the future work is to continue develop the networked ontology model for the
pharmaceutical scenario in Spain. A middlewarenteract with the services provided by the NeOn
toolkit will be developed, and services to the phaceutical sector will be delivered on top of it.
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