
NeOn NeOn -- Lifecycle Support for Networked OntologiesLifecycle Support for Networked Ontologies
Case Studies in the Pharmaceutical DomainCase Studies in the Pharmaceutical Domain

Mathieu d‟Aquin
(KMi, the Open University, UK)

Jose Manuel Gómez-Pérez
(iSOCO, Spain)



IST-2005-027595

NeOn-project.org
Slide 2

AgendaAgenda

 New Generation Semantic Applications

– The Need for a Supporting Infrastructure

 The NeOn Toolkit

– Lifecycle Support for Networked Ontologies

 Applications in the Pharmaceutical Sector

– Supporting information dissemination about pharmaceutical 

products

– Financial transactions with heterogeneous electronic invoices
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Semantic Web Research:Semantic Web Research:
Putting a conceptual layer over the webPutting a conceptual layer over the web
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Next Generation Semantic Web ApplicationsNext Generation Semantic Web Applications

NG SW Application Semantic WebSmart Features

Able to exploit the Semantic Web at large 

– Dynamically retrieving the relevant semantic resources 

– Combining several, heterogeneous Ontologies
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Key Challenges: large scale, heterogeneous, Key Challenges: large scale, heterogeneous, 
distributed, contextualized and dynamic semanticsdistributed, contextualized and dynamic semantics

• Millions of 
semantic 
documents. 

•Hundreds of 
Millions of RDF 
entities. 

• New sources of 
knowledge are 
constantly created
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Key Challenges: Technological LimitationsKey Challenges: Technological Limitations

 No adequate infrastructure for the whole application 

development lifecycle of the envisaged applications

 Specifically, current infrastructures not effective

– Do not scale up 

– Poor support for rapid development of large applications by reuse

• Reuse typically so expensive that people prefer to re-build from scratch

• Problem concerns both the lack of methodologies as well as 

tools/techniques

– Poor support for managing the evolution of an application

– Poor support for collaborative development

– Limitations of current user interfaces

• E.g., support for navigating several large ontologies at the same time 
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NeOn NeOn -- Lifecycle Support for Networked Lifecycle Support for Networked 
OntologiesOntologies

 Funded by EU:
– FP6 Integrated Project under “Semantics-based knowledge and content systems” 

– € 14.7 mil project budget over 4 years

The Open University

(co-ordinator)

University of Sheffield

Universidad Politecnica 

Madrid,

iSOCO, 

pharmaInnova, 

Atos Origin

Universität Karlsruhe, 

Software AG, 

ontoprise, 

Universität Koblenz

Institut „Jozef Stefan‟

INRIA Alpes

FAO of the UN

CNR-LOA
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NeOn: Key OutputsNeOn: Key Outputs

 System-level contributions

– An open, service-centered reference architecture for managing the 

complete lifecycle of networked ontologies and meta-data

– The NeOn Toolkit for ontology engineering and lifecycle management 

– The NeOn methodology for ontology and application development 

 Sector-level

– Three innovative case studies in two sectors

 Community-level

– Creation of an active community of users and developers
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Networked Ontologies: An ExampleNetworked Ontologies: An Example

gear types

territorial 

water 

fish is fished

with a gear

gear is

on vessel

commodities from fish

fish lives in a sea synonyms, translations

Fisheries ontology
Fisheries networked ontologies

territories
water areas

commodities

vessel types

species

AgroVoc
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The NeOn reference architectureThe NeOn reference architecture

ONTOLOGY USAGE SERVICES

ONTOLOGY- ENGINEERING TOOLS‟  FRONT-END

Datasource Abstraction

DBMS Filesystem Semantic 

Web 

Service 

Registry

  Remote Ontologies

onto onto

CORE ONTOLOGY SERVICES

connector connector connector connector connector connector

ONTOLOGY ENGINEERING

ONTOLOGY INFRASTRUCTURE SERVICES

Querying Repository RegistryReasoning

ONTOLOGY ENGINEERING SERVICES

TESTING / EVALUATIONRA / DEVELOPMENT / INTEGRATION

Use Case

Modeling

Collaborative

Editing

StructuredModel

Transformation

Ontology 

Modularization

Ontology 

Mapping

Language 

Translation

Browsing/

Visualization

Ontology

Learning

Functional

Evaluation

Inconsistency 

Resolution

Performance

Evaluation

Debugging

ONTOLOGY RUNTIME

ONTOLOGY-BASED APPLICATIONS‟ FRONT-END

Ontology

Editor

Ontology

Browser

Semantic

Search 

Form 

... ...

External Ontology Repository 

Automatic

Ontology 

Population 

Cleansing Fusion

Retrieval

Related

Services

Reasoning

Related 

Services

Other 

Ontology 

Services

Semantic

Portal 

Other 

Ontology 

Services

 Lifecycle 
requirements:
Dynamic interaction 
of engineering and 
runtime activities

Extensible on all 
layers of the 
architecture
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Infrastructure components and toolsInfrastructure components and tools

 Ontology Storage and Querying (KAON2, Ontobroker)

 Ontology Alignment Management (INRIA‟s Alignment server)

 Ontology Registry (Oyster)

 Ontology Search and Exploitation (Watson)

 Ontology Collaborative Design (ontologyDesignPatterns.org)

…
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Highlight: OysterHighlight: Oyster

The NeON ontology 
registry system

 Allows ontology designer to 

share ontologies by 

describing their metadata 

and….

… distribute them over a 

peer-to-peer network 
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O1

O2
O3

O4

O1, O5

O6

O4
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OMV: The Ontology Metadata VocabularyOMV: The Ontology Metadata Vocabulary

 For Oyster to work, there is a 

need for a common format to be 

used by peers to represent 

and exchange information 

about the registered 

ontologies.

 OMV (the Ontology Metadata 

Vocabulary) is a machine 

readable representation of 

ontology metadata using 

Semantic Web technologies: it 

is “an ontology about 

ontologies”
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Highlight: WatsonHighlight: Watson

Watson is a Gateway to the Semantic Web

 It collects (through web crawling), analyses, indexes and gives 

access to semantic information and ontologies on the Web

 At first sight: a search engine for the Semantic Web
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WatsonWatson

http://watson.kmi.open.ac.uk
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Watson APIs and Web ServicesWatson APIs and Web Services

 But Watson is more than an 

interface for users to find, 

select and explore online 

ontologies

 It is an infrastructure so that 

(next generation) Semantic 

Web application can exploit 

the Semantic Web as a 

whole
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A Gateway to the Semantic WebA Gateway to the Semantic Web
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What is the NeOn Toolkit?What is the NeOn Toolkit?

Reference implementation of the NeOn architecture

– Support ontology engineering and management 

– Support for complete ontology lifecycle

– Support for different languages (OWL, F-Logic)

– Support for networked ontologies (modules, mappings)

Built on the Eclipse 

platform

Extensible architecture

– Via Eclipse plugin 

mechanism 

– Via Web Services
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AvailabilityAvailability

 Basic configuration
– Completely free

– Open source

 Extended configuration
– Commercial version

– Free for academic use

 Community support
– For users and developers

– Tutorials, mailing lists

 Activities coordinated by the NeOn Foundation
– Opportunity to contribute!

 NeOn Toolkit Portal: http://www.neon-toolkit.org/
– Download of the toolkit, plugins, online resources, wiki, …

http://www.neon-toolkit.org/
http://www.neon-toolkit.org/
http://www.neon-toolkit.org/
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Plugins Supporting Lifecycle ActivitiesPlugins Supporting Lifecycle Activities
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Plugin ExamplesPlugin Examples

OntoModel: Meta-modeling

for ontologies Radon: Diagnostic and repair for 

inconsistent networked ontologies

Watson: Reusing knowledge

from the Semantic Web

The Alignment Server: Producing and 

managing ontology alignments
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TestbedsTestbeds

Managing fishery knowledge to support automatic alert 

mechanisms

 E-Invoice management in the pharmaceutical sector

 Integration and management of information about 

pharmaceutical products
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Applications in the pharmaceutical sectorApplications in the pharmaceutical sector

The Pharmaceutical Industry provides NeOn with a testbed for 
Networked Ontologies in several fields of application

– Dynamics of the pharmaceutical supply chain 

– Management of nation-wide knowledge on chemist products

To facilitate invoice interoperability between 

organizations exchanging electronic invoices in 

different formats and models

Integration and update of heterogeneous, 
distributed sources of information on chemist 
products

Main objectives:

Invoice 

management

Semantic 

nomenclature
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TheThe pharmaceuticalpharmaceutical industryindustry in in EuropeEurope

Slide 26
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PharmaciesPharmacies and and wholesalerswholesalers in in EuropeEurope

Slide 27
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DistributionDistribution channelschannels of of pharmapharma labslabs in in SpainSpain

Slide 28

375

20000

300

782
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PharmaceuticalPharmaceutical laboratorieslaboratories in in SpainSpain

Slide 29
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Participating

Interested

Participating

Interested

http://images.google.es/imgres?imgurl=http://www.guiadeprensa.com/quimica01/sector farmaceuitco/kin logo.gif&imgrefurl=http://www.guiadeprensa.com/quimica2000/quimica farmaceutica/kin.htm&h=85&w=238&sz=6&tbnid=zttYgLFMBeEJ:&tbnh=37&tbnw=103&start=7&prev=/images%3Fq%3Dlaboratorios%2Bkin%26hl%3Des%26lr%3D
http://www.novartis.es/publico/novartis.aspx
http://www.abbott.com/index.cfm
http://www.lilly.com/index.html
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Pharmacies in SpainPharmacies in Spain

Number of pharmacies: 20.000

Population per pharmacy: 2.000
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The Spanish pharmaceutical sectorThe Spanish pharmaceutical sector

 5th largest industry sector in Europe 

behind car, energy, petrol, and meat

 Main actors in Spain

– Public administrations

• Ministry of Health

• Regional governments

• AGEMED

– Laboratories (375)

• FarmaIndustria

• PharmaInnova

– Pharmacies (20000)

• GSCoP

– Providers (150)

– Wholesalers (300)

 Tightly regulated by local and EU 

directives

Providers

Laboratories Wholesalers

Public 

Administration
Pharmacies

provide raw material provide raw material

sell products

certification sell products

certification

provide list of approved medicines

provide license

sell products

Comercial flow between 

main players of Spanish 

Pharma sector

Enforcement of local 

and EU regulations
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TestbedTestbed #1: #1: semantic nomenclature (information semantic nomenclature (information 
integration in the pharmaceutical industry)integration in the pharmaceutical industry)

Html
DB Labs

Labs
GSCoP

Government

Digitalis

Integra
Html

Docs

BOTPlus

Fax Docs
E-mail

Web

pages

Thesauri

Taxon.

WS

DB

Top-level

ontologies
(Sumo, Dolce)

Related Domains
(chemical, 

diseases…)

Other resources

Vademecum

Docs

Reports

Snomed
UMLSHL7

 Spanish Pharmaceutical sector
– Knowledge intensive
– Average of 100 new products per month 

approved, 20 withdrawal and more than 
2.500 modified

– Actors: Governmental bodies, GSCoP, 
Laboratories, Pharmacies…

– Complex and heavily regulated

 Heterogeneous resources
– Governmental databases (Digitalis, Integra)

– BOTPlus 

– Labs info

– Other resources (regional on-line resources, 
online Vademecum, international 
nomenclatures..)
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Semantic NomenclatureSemantic Nomenclature
Ontology Network Ontology Network 

Active

Ingredient

Ontology (ATC)

Location 

Ontology

Time 

Ontology

Laboratory

Module

BOTPlus

Ontology

Pharma 

Reference

Ontology

Geographical 

Standard 

(Simile)

Time 

Ontology

(DAML)

Laboratory

Standard

BOTPLUS Ad hoc wrapper

External Sources

Integra

Ontology

INTEGRA

Digitalis

Ontology

DIGITALIS

Units

Ontology

Unit

Standard 

(Galen)

ATC (WHO)

Classification 

+Spanish extension

…

Application ontologies

Ontology reuse

Domain ontologies



IST-2005-027595

NeOn-project.org
Slide 35

Semantic NomenclatureSemantic Nomenclature
Networked Ontologies (I)Networked Ontologies (I)

 Pharmaceutical Reference Ontology

– Domain Ontology

– Represents generic concepts (stakeholders, 

pharma product, etc.)

– “Medical_Product” will be the hook (mapped 

to most of Semantic Nomenclature 

networked ontologies)

– Inference and comparison of a product 

across different classifications (ATC)
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Semantic Nomenclature Semantic Nomenclature 
Networked Ontologies (II)Networked Ontologies (II)

 ATC Ontology
– Domain Ontology

– Two main branches: ATC description, ATC 
classification

– “ATC_Classified_Product” that represents all the 
pharmaceutical products classified through the ATC 
code 

– Two initial levels of ATC code in the hierarchy 
(therapeutic and  pharmacological subgroup) 

– Ontology population using R2O / ODEMapster (from 
Digitalis ATC codes)

– 122 classes, 2 object properties 1 datatype property, 
more than 2.800 ATC codes -14.000 instances-
(>2Mb)
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Semantic Nomenclature Semantic Nomenclature 
Networked Ontologies (III)Networked Ontologies (III)

 BOTPlus Ontology
– Application Ontology

– knowledge represented in the schema of 
the BOTPlus database

– Classification of pharmaceutical products 
based on a classification code and the 
specialty of the product:

• Human

• Parapharmacy

• Vet

• Medical Herbs

– Ontology population using R2O / 
ODEMapster (only human and para-
pharmacy products)

– 37 classes, 12 object properties, 76 
datatype properties, more than 30MB of
instances
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NeOnNeOn--powered semantic nomenclature powered semantic nomenclature 
prototype: Online prototype: Online vademecumvademecum

Semantic Nomenclature
Web application

Queries

GSCoP

Government

Digitalis

BOTPlus

Reference Ontology

ATC Classification

WHO
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Value for the pharmaceutical sectorValue for the pharmaceutical sector

Goal
– Online vademecum based on networked ontologies

Challenges
– Heterogeneity of the distributed repositories of drug information
– Information access integration across the Spanish market

Users
– Pharmacists (non-ontology experts)

Main benefits
– Integration of preexisting knowledge resources
– Agile access to drugs information 
– Reducing latency for information update
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TestbedTestbed #2: #2: Addressing invoice interoperability in Addressing invoice interoperability in 
the pharmaceutical industrythe pharmaceutical industry

Sharing invoicing models and software platform 

save costs and reduces complexity

However, entry barriers are high

http://images.google.es/imgres?imgurl=http://www.guiadeprensa.com/quimica01/sector farmaceuitco/kin logo.gif&imgrefurl=http://www.guiadeprensa.com/quimica2000/quimica farmaceutica/kin.htm&h=85&w=238&sz=6&tbnid=zttYgLFMBeEJ:&tbnh=37&tbnw=103&start=7&prev=/images%3Fq%3Dlaboratorios%2Bkin%26hl%3Des%26lr%3D
http://www.novartis.es/publico/novartis.aspx
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Ontologies, users, and standardsOntologies, users, and standards

 Ask the electronic invoicing community: Standards

– “Standards establish explicit, shared specifications, criteria, processes, 

or practices”

– shared = accepted by a community

– UBL, EDIFACT aspects relevant to invoicing

– Some ongoing efforts, e.g. UBLOntology (ontolog.cim3.net)

 Ask the user community: PharmaInnova

– Elicit knowledge from laboratories, providers, pharmacies, and 

wholesalers

“An ontology is a formal, explicit specification of a shared conceptualization”
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The role of networked ontologies in invoice The role of networked ontologies in invoice 
interoperability interoperability 

 Networked ontologies provide a formal model of the knowledge 

related with invoicing, which embraces both

– Current eBusiness standards (EDIFACT, UBL)

– Sectorial specializations (PharmaInnova)

 Serve as a semantic gateway during invoice exchange

 Ensure consistency of exchanged invoice data with respect to the 

formal model of these ontologies

 Provide domain navigation guidelines during the process of 

relating individual invoice representations with each other
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Invoicing networked ontologiesInvoicing networked ontologies

Upper

Level

Time

Invoicing 

Reference

W3C Time 

Ontology

Reengineering

Specification

Information

Objects

IO lite

DOLCE 

Ultralite

UBL

UBL ontology 

(SUMO extension)

Standard

UBL
Core

components

PharmaInnova

PharmaInnova 

specification

EDIFACT

EDIFACT

Ontology

Business

Process

BPMO

EO

TOVE

XPDL

More general

More specific
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Invoicing networked ontologies (II)Invoicing networked ontologies (II)

Reference UBL EDIFACT PharmaInnova
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Invoicing networked ontologies: Some figuresInvoicing networked ontologies: Some figures

Local Imported Total

Classes 439 130 569

Datatype 
properties

32 23 55

Functional 
properties

135 1 136

Inverse functional 
properties

0 1 1

Object properties 330 148 478

Symmetric 
properties

0 9 9

Transitive 
properties

0 7 7
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 However, users (financial staff) are domain experts that lack any kind of 

knowledge engineering skills

 Usable tools are required that enable users to work with ontologies

 Users themselves define mappings between their invoice representations 

and a formal model based on networked ontologies

 Learn by example approach

– The user annotates a sample electronic invoice with the ontology

– Annotations define correlations between invoice data and ontology entities

– All compliant electronic invoices are automatically imported as ontology 

instances (and then exported to other formats)

 Users must work at the knowledge level, without caring about how those 

mappings are implemented and the underlying formalisms

Exploit user knowledge about their own invoices to solve 

the interoperability problem
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Application of Application of NeOnNeOn technology (ongoing)technology (ongoing)

Ontology 

modularization

Supporting collaborative 

processes for the 

definition of sectorial 

invoicing models

CICERO + WikiFactory

Ontology 

customization

Evaluation and 

validation of 

pharmaceutical 

ontologies

Social-oriented 

analysis of 

invoicing workflow

Enhanced ontology navigation
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Value for the pharmaceutical sectorValue for the pharmaceutical sector

 Facilitate invoice interoperability between organizations exchanging 
invoices in different formats and models

 Reduce entry barriers in the PharmaInnova cluster

 Enable users themselves to define how their invoices should be 
interpreted

 Expected benefits
– Save time and effort (hence, money) in the mapping process

– Largely reduce manipulation time per issued invoice

– Reduce the need of engineers and ad-hoc wrapper implementations

– Deal with the invoice data confidentiality issue

 Additionally…
– To be deployed and evaluated in PharmaInnova in the mid term

– Expected to save additional 30% of current electronic invoice costs

0,47
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NeOnNeOn--powered invoice management prototypespowered invoice management prototypes

NeOn Toolkit

plugin

Standalone 

application

Web 

application
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Annotation phase

Import/export phase

Pharmacy X

AA

A

Provider X 

invoice 

representation

KIN invoice 

representation

ERP XERP KIN

InvoicesInvoices

1

2 3

http://images.google.es/imgres?imgurl=http://www.guiadeprensa.com/quimica01/sector%2520farmaceuitco/kin%2520logo.gif&imgrefurl=http://www.guiadeprensa.com/quimica2000/quimica%2520farmaceutica/kin.htm&h=85&w=238&sz=6&tbnid=zttYgLFMBeEJ:&tbnh=37&tbnw=103&start=7&prev=/images%3Fq%3Dlaboratorios%2Bkin%26hl%3Des%26lr%3D
http://images.google.es/imgres?imgurl=http://www.guiadeprensa.com/quimica01/sector%2520farmaceuitco/kin%2520logo.gif&imgrefurl=http://www.guiadeprensa.com/quimica2000/quimica%2520farmaceutica/kin.htm&h=85&w=238&sz=6&tbnid=zttYgLFMBeEJ:&tbnh=37&tbnw=103&start=7&prev=/images%3Fq%3Dlaboratorios%2Bkin%26hl%3Des%26lr%3D
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ConclusionsConclusions

 Next generation semantic applications will build on large networks of 

ontologies

 NeOn provides an open infrastructure for engineering networked 

ontologies and building semantic applications 

– Open reference architecture

– NeOn Toolkit as reference implementation

– Opportunity to contribute!

 Example applications: 

– Supporting the dissemination of information about pharmaceutical products

– Supporting financial transactions based on heterogeneous invoice formats

– And also: Providing an homogeneous access to information about fisheries 

activities to monitor and assess the word fish stock
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Thank You!
www.neon-project.org

www.neon-toolkit.org

And don‟t forget to visit our booth at the exhibition!
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Case Study in the Fisheries Domain
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FAO and FisheriesFAO and Fisheries

Since 1945, FAO collects, analyzes and disseminates 

information in the area of Food and Agriculture (including 

Fisheries, Forestry and Natural resources).

The possibility of monitoring fisheries stock depletion has 

an enormous economic and social impact.

Food and Agriculture Organization of the United Nations

http://images.google.com/imgres?imgurl=http://content.answers.com/main/content/wp/en/8/80/FAO_logo.gif&imgrefurl=http://www.answers.com/topic/fao-logo-gif&h=354&w=354&sz=21&hl=en&start=3&um=1&tbnid=zfJ9YAE1dvPGVM:&tbnh=121&tbnw=121&prev=/images%3Fq%3DFAO%26svnum%3D50%26um%3D1%26hl%3Den%26rlz%3D1B3GGGL_enDE221DE226%26sa%3DN
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Rationale for Networked OntologiesRationale for Networked Ontologies

 FAO has numerous information 
systems about the world‟s 
Fisheries: 

– Heterogeneous data: 
• statistics, documents, GIS, 

thesaurus...

– Multilingual: 
• Arabic, Chinese, English, French, 

Spanish and Russian 

– Much of the data are „structured‟, 
but not necessarily interoperable. 

 FAO‟s previous work (2003) to 
build a Fisheries ontology had 
drawbacks: 

– too big

– un-manageable for 
maintenance

– inefficient to be used by 
systems  

 NeOn vision:  
– resources remain independent 

and they are networked by 
mapping them: 

• smaller ontologies

• mapping them

• effective maintenance of 
ontologies and mappings

Better exploited using ontologies, 

by bringing together related 

information
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Fish Stock Depletion Assessment System (FSDAS)Fish Stock Depletion Assessment System (FSDAS)

 FSDAS requirements:

– Using NeOn Toolkit 
runtime functionality

 Fishery ontologies lifecycle 
requirements:

– Using NeOn Toolkit 
design time functionality
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Fisheries Lifecycle ManagementFisheries Lifecycle Management

Requirements:
– Fisheries ontologies are:

• medium-to-large multilingual ontologies

• distributed / networked 

– NeOn Toolkit aims to provide support to ontology 
engineers and subject experts for:
• modeling, populating, deploying, versioning ontologies

• keeping them updated through an editorial workflow

• managing mappings and relations between them
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Ontology ConceptualizationOntology Conceptualization

The NeOn toolkit provides 

visualization features

helping users editing and  

understanding models
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Ontology PopulationOntology Population
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Ontologies Related to Create a NetworkOntologies Related to Create a Network

lives in has shore with

is fished with

used on 

equivalent

species

water areas
territories

gear

AgroVoc

vessels

commodities
originates from

44,100 

25,000 

300,000 
6,000 

1,500

Canned 

cuttlefish

Mediterranean

Sepia officinalis

Spain

Traps

Common 

cuttlefish

Trap setters
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FSDAS FSDAS 

 The FSDAS is a decision support system that will help Fisheries 

experts analyzing the status and trends of world‟s fish stocks.

 Requirements (runtime):

– query heterogeneous non-ontological resources 

– through 

• the exploitation of the Fisheries networked ontologies

• integration ontologies

• runtime components of the NeOn toolkit and infrastructure

– return relevant results to the client

– integrate with advanced annotation and visualization tools 
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FSDAS Server     

FSDAS ArchitectureFSDAS Architecture

query

mappings
facts from

data sources

integrated results

FSDAS

client

Fisheries networked 

ontologies


