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Project Structure –
EU “Framework Programme 7” (FP7)

• Timescale

– Collaborative 3 year research project

– But delivering results along the way

• By whom? 

– Research partners, technology partners, use case partners

– 100% funding for research partners, typically 67% funding for BT

• Doing what?

– Must have elements of fundamental research

– Must also demonstrate application in the real world
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An EU Integrating Project

12 partners in 7 countries
Led by BT

$15 Million - $10 Million from EU

March 2008 – February 2011

3 case studies:
• telecoms
• consultancy
• electronics design
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kea-pro
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• Improved knowledge management

• 2 key technology themes

– Context management

• context and task switching is a „productivity killer‟

– Knowledge sharing with semantic technology

• Semantic wiki technology for more effective knowledge 

re-use

Project ACTIVE
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Semantic Web

• Today‟s web

– Machine-to-human – emphasis on presentation

• Semantic web vision

– “an extension of the current web in which information is 

given well-defined meaning” (Tim Berners-Lee)

– making web-based information machine-processable

– <bold>use bold font</>          <product-code>1234-6/A</> 

(XML)

– beyond XML - RDF, OWL

• ontological languages

• formal, supporting reasoning

• triples to model relationships
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XML is a first step

• Semantic markup

– HTML  layout

• use bold font

• Insert an image here

– XML  content

• this part of the document is the product price

• this document describes a telecommunications 

service
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XML example

<play>

<title>The Life and Death of King John</title>

<Dramatis Personae>

<persona>The Earl of PEMBROKE</persona>

<persona>The Earl of ESSEX</persona>

……

</Dramatis Personae>

<Stagedir>SCENE  England, the Court.</Stagedir>

<act>Act 1

<scene>Scene I.   

<speech>

<speaker>John</speaker>

<line>Now, Chatillon, what would France with us?</line>

</speech>

…
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XML

• Semantic markup

– HTML  layout

– XML  content

• Metadata (with limitations)

– within documents, not across documents

– no modelling of relationships between data items 

<vehicle>

<car>ford

<engine>xyz123-4</engine>

<model>mondeo</model>

</car>

</vehicle>

Next step: 

RDF and ontologies



© British Telecommunications plc

• A standard of W3C

• Relationships between documents

• Consisting of triples or sentences:

– <subject, property, verb>

– <Tolkien, wrote, The Lord of the Rings>

• RDFS extends RDF with standard “ontology vocabulary”:

– Class, Property

– Type, subClassOf

– domain, range

Resource Description Framework (RDF)
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• W3C standards

• RDFS defines the ontology
– what concepts do we want to reason about and how are 

they related

– there are authors, and authors write books

– classes and their properties and relationships

• RDF defines the instances of these classes and 
their properties
– Mark Twain is an author

– Mark Twain wrote “Adventures of Tom Sawyer”

– “Adventures of Tom Sawyer” is a book

• Notation: RDF(S) = RDF + RDFS

RDF and RDFS
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Annotation of WWW resources and semantic links

Writer Book

FamousWriter

/twain.com/mark books.com/ISBN00010475

Schema(RDFS)

Data(RDF)

hasWritten

type

subClassOf

domain range
hasWritten

type

DoB 25/12/68

An example of RDF Schema



© British Telecommunications plc

RDF Example

hasName

(„http://www.famouswriters.org/twain/mark‟, “Mark Twain”)

hasWritten

(„http://www.famouswriters.org/twain/mark‟, 

„http://www.books.org/ISBN00001047582‟)

title

(„http://www.books.org/ISBN00001047582‟,

“The Adventures of Tom Sawyer”)

XML version:

<rdf:Description rdf:about=http://www.famouswriters.org/twain/mark>

<s:hasName>Mark Twain</s:hasName>

<s:hasWritten rdf:resource=http://www.books.org/ISBN0001047/>

</rdf:Description>



© British Telecommunications plc

Ontologies & Taxonomies

• Taxonomy is a classification system where each 

node has only one parent and the single relationship 

between concepts is “ako” – simple ontology

Living Beings

Plants

InvertebratesVertebrates
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Example: Ontology of People and their Roles

• Ontologies offer richer representation - relationships 

between concepts

Taxonomy

Ontology

Employee

Manager Expert Analyst

Programme

Manager

Project 

Manager

funds

advises

Contractor
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Semantic Web requires Ontologies

• Shared and common understanding of a domain

– formal specification e.g. telecoms systems, public 

services

• Resources are more amenable to machine 

processing

– programs can gather, analyse and search information

– ontology management techniques and tools

• Define using ontological languages “RDF” and “OWL”

– Standardised logic-based languages

– Support for rules and reasoning

– Knowledge discovery - infer new information from that 

explicitly stored



© British Telecommunications plc

Why develop an ontology?

• To define information (e.g. web-based) more 

precisely and make it more amenable to machine 

processing

– by linking data to a formal ontology

• To make domain assumptions explicit

– Easier to change domain assumptions

– Easier to understand and update legacy data

• To separate domain knowledge from operational 

knowledge

– Re-use domain and operational knowledge separately

• To share a consistent understanding of what 

information means

• To allow reasoning about data
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• Reasoning over ontologies

• Inferencing capabilities

X co-wrote D; Y co-wrote D 

X and Y collaborate

Allergy(X) & triggered_by(almonds, X) 
Nut-allergy(X)

Supplies(X,Y) & Supplies (Y,Z) 

Supply-chain-partners(X,Z)

Ontologies and Description Logic
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Semantic knowledge 

management classifies, finds, 

distributes, shares and uses 

knowledge based on meaning 

not the particular words used to 

represent meaning.

Semantic knowledge management
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Semantic knowledge 

management classifies, finds, 

distributes, shares and uses 

knowledge based on meaning

not the particular words used to 

represent meaning.

Semantic knowledge management

In three words
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• same word, different meanings

• different words, same meaning

• different words, related meaning

– leading to inheritance (and other) reasoning

Words and meanings

disability legislation

equal opportunity laws

Jaguar

trade unioncharitycompany

organisation
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Semantic Annotation
key to semantic knowledge management
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Semantic Browsing (KIM)
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Semantic Browsing (KIM)Microsoft Corporation is a Public Company 

located in United States and Worldwide. 

Designs, develops, manufactures, licenses, 

sells and supports a wide range of software 

products. Its webpage is 

www.microsoft.com. It is traded on 

NASDAQ with the index MSFT. Key people 

include:

Bill Gates - Chairman, Founder

Steve Balmer - CEO

John Conners - Chief Financial Officer

Last year its revenues were $36.8bn and its 

net income was $8.2bn.

http://www.microsoft.com/
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Precision in Semantic Web Search

• Semantic Search could match 

– a query: Documents concerning a telecom company in 

Europe with a new director

– With a document containing: “At its meeting on the 10th of 

May, the board of the UK company Vodafone appointed 

John Smith as Chairman"

• Ontology-based search engines can do the required 

reasoning:

– Vodafone is a mobile operator, which is a kind of telecom 

company;

– Vodafone is in the UK, which is a part of Europe;

– Chairman is a type of director
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• Improved knowledge management

• 2 key technology themes

– Context management

• context and task switching is a „productivity killer‟

– Knowledge sharing with semantic technology

• Semantic wiki technology for more effective knowledge 

re-use

Project ACTIVE



© British Telecommunications plc

Context Management - Motivation

Context as key to effective information delivery

User Context

Salesperson Customer

Lawyer Case

Project manager Project, task, 

project phase

Marketer Product, marketing

campaign

Researcher Paper, particular 

experiment

But not 
prescriptive –
user chooses 
what context 
is right for his 
situation

Guiding presentation of emails, 
files, search results …
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Top-down and bottom-up

User creates contexts, selects current context 
and associates information objects with 
contexts

Machine learning techniques discover 
contexts, detect current context and 

associates objects with contexts
- but the user is always in control

context = that set of information objects which a 
user finds it convenient to cluster for carrying out 
their work
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Knowledge sharing with Semantic Media Wiki

• Creating informal semantics

– London is capital of the [[is capital of :: U.K.]]

• Defining equivalences

– e.g. „knows about‟ equated to „is expert in‟

• Informally creating a knowledgebase

– facts, people …

Developments in ACTIVE include:
- lightweight ontology editor

- query creation & editing
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ACTIVE technology & its application in BT
The customer: BT Business

• BT Business
– Provide Information & Communications Technology (ICT) 

services, infrastructure and solutions

– Market: Small to Medium Enterprises (UK)

– single site to large multi-outlet retail chains 

• BT Business sales force
– Account managers: desk-based and mobile

– Sales specialists

– Technical/solutions consultants

– Typically working with multiple customers, products &  

services
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Requirements: key findings

• Job shadowing, semi-structured interviews

Key requirements:

• easier context switching
– 10‟s of customers, 100‟s products & services

– contexts usually map to customers

– (semi-)automatic approach

• finding right information easily & quickly
– as context changes (e.g. by external interrupts) 

• improve speed & quality of solution design
– analysis reveals speed of response critical to win rate

– knowledge re-use and avoidance of duplicated effort
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Semantic Wiki for Solution 

Design

ACTIVE Knowledge Workspace 

for personal productivity

ACTIVE in BT
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• For larger customers, BT often needs to 

combine multiple products and services into 

complex solution designs

• Currently stored in a variety of formats and 

locations => hard to locate and re-use

Solution Design
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Didn‟t we just create a proposal just like the one 

I‟m working on?
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• Challenges

– How to publish information in a useful (re-

usable) way

– How to find previous relevant designs

– How to find people with experience 

relevant to the current design

– How to extract management information

Solution Design
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Wikis

• Wikis today - powerful collaborative tools

• Good for informal knowledge sharing

• Inconsistencies

– Price of Cisco CX312 router: £29999.00, 

£37000.00, …

• No constraints

– “John Smith manages Project Cadence”

– “Tom Evans manages Project Cadence”

• Limited  keyword search
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40

• Wikipedia has articles about…

– … cities

– … their populations

– … their mayors

So can I ask for a list of the world‟s ten 

largest cities with a female mayor?

What Wikipedia knows
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41

Let‟s see what happens…
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42

Let‟s see what happens…
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43

Let‟s see what happens…
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Semantic Wikis

• Building on wiki benefits

• Adding structure

– Typing pages & semantic links between pages

• This page describes a person

• The person described at this page manages the project 

described at this page

• A project manager is a kind of person

• ….

• Offering semantic search, reasoning, automatic 

report generation



© British Telecommunications plc

• Enhanced semantic wiki developed to 

provide
– semantic data modelling – ontology for BT Business sales 

– a forms facility for easy information entry (annotation)

– a collaborative forum for document creation and sharing

• Ability to model relationships

– John Smith is an expert in Wide Area 

Networks

– Cisco-9000 is a kind of router

Improving the Solutions Design process
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Ontology fragment



© British Telecommunications plc

• Information entered in a structured form

• Allows answers to questions like find…

… all solutions involving IPX product

… all project managers based in US

… all service desks where Italian is spoken

… all solution designers who have worked with 

Nortel equipment

Semantic Wiki: 

Answering Questions
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• Reasoning

– France is in Europe; Paris is in France; John Norton has 

worked on a solution design in Paris

→ John Norton has worked on solution design in Europe

– Inverse properties to automatically infer inverse relationship

• Maintenance

– Does every bid have one bid manager?

– Is there a service with more than one owner?

– Does every project have a start date and end date and is the 

end date later than the start date?

– Are all service bundles specified for Germany contain only 

services that can be deployed in Germany

Semantic Wiki: 

Reasoning & Maintenance
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{{#ask: [[Category:Contract]]

|?Sign On

| format=eventline

| sort=Sign On

|order=descending

|timelinebands=MONTH,YEAR

|timelineposition=today

|limit=40

}}

Bid Pipeline (Sign On)
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Bid Pipeline (Sign Off)

{{#ask: [[Category:Contract]]

|?Sign Off

| format=eventline

| sort=Sign Off

|order=descending

|timelinebands=MONTH,YEAR

|timelineposition=today

|limit=40

}}
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Bid Pipeline (Active Bids)

{{#ask: [[Category:Contract]]

|?Sign On

|?Sign Off

| format=timeline

|sort=Sign On

|order=descending

|timelinebands=MONTH,YEAR

|timelineposition=today

|limit=60

}}

 Significant manual effort required 

previously
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Service Desk



© British Telecommunications plc

Service Desk Selector

{{#ask: [[Category:Service Desk]]

|?Country

|?Is in=Timezone

|?Uses language=Italian

|?Uses system

|?Supports

| format=exhibit

| views=tabular,tiles

| limit=100

| facets=Country,Uses language,Uses

system,Supports,Supports,Timezone}}
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Benefits

• Easy information entry

– consistent format

– shared repository

• Improved knowledge re-use

– easier to find relevant information to current bid

– easier to find people with relevant experience

• Improved management information

– better access to info through structured queries

– automatically generated reports

– „how many solutions involve service X‟

– „how much Y do we sell in North America‟

– „which service desks can interact in Italian‟
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• Deployed in live environment

– 300+ historic solution designs entered plus 

other information

– now mandatory to create new designs 

using the system

Status
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Automatic information filtering
in standard MS tools

• Prioritising and filtering information relevant 

to your current work 

• User defines and selects contexts (e.g. 

customers)

– information prioritised according to context

• email, search, opening a file

• Automated approach with machine-learning

– learn association between information and 

context

– learn contexts

– automatically switch contexts

– automatically discovers new contexts
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• ACTIVE Knowledge WorkSpace

– Activated MS applications (Word, PowerPoint, 

IE, Outlook, File Explorer)

• Associate/de-associate information 

resources with a context

• Tag information resources

– user provided tags

– system suggested tags

– AKWS management portal

• manage users

• manage contexts and group contexts

AKWS
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AKWS - Context visualiser
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Opening a file normally
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Opening a file from context
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Context in email
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• Trial with restricted set of user (10-15) underway

– Initial feedback very positive

“There is an increasing understanding of the potential of „working in context‟ 

and for the data we have available to us to be „arranged and presented in 

context‟. In the past few weeks we have had people proactively approaching 

us to join in with the pre-trial activity, a very good sign.” 

• Ramping up to 100-150 over January-February 

• Formal trial evaluation – results due March 2011

Status
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ACTIVE
using informal semantics and machine intelligence to
- combat information overload
- aid knowledge sharing

Combining the low user-barriers of Web2.0 
with the power of semantic technology

Being trialled in large-scale enterprise environments

Summing up

Prototype available for trial from ACTIVE website
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Linked Data
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Linked Data

 Also includes ‘best practice’, such as:

• Separate URIs for real world entities (non-informational resources) 
from representations (informational resources), either by #URIs, or 
redirection (as shown before, but usually Status Code 303)

Linked Data Principles:

1. Use URIs as names for things

2. Use HTTP URIs so that people can look up those 

names.

3. When someone looks up a URI, provide useful 

information, using the standards (RDF*, SPARQL)

4. Include links to other URIs. so that they can discover 

more things.
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What RDF should be returned?
 The (immediate) description: All triples that have the resource's 

URI as the subject. 

 Backlinks: All triples that have the resource's URI as the object. 

This is redundant, but it allows bi-directional traversal.

 Related descriptions: Anything about related resources that may 

be of interest in typical usage scenarios; use prudence.

 Metadata: Any metadata such as the author and licensing 

information. 

 Syntax: At least RDF descriptions as RDF/XML which is the only 

official syntax for RDF. 

• As RDF/XML is not very human-readable, the data could 

additionally be provided in other formats; e.g., for MIME-type 

application/x-turtle.

How to Publish Linked Data on the Web

Chris Bizer, Richard Cyganiak, Tom Heath
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Data.gov

 Data.gov now exposes 6.4 billion RDF triples 
(statements), many useful for business intelligence

• ■ Company bankruptcy  ■ Broadband adoption  ■
Unemployment
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Data.gov.uk & Others
 Other governments are getting on board

• UK an enthusiastic adopter
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BBC & Media
 Value of resources increased by Linked Data
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BBC & Media
 Value of resources increased by Linked Data
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BBC & Media
 Value of resources increased by Linked Data
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BestBuy
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BestBuy



www.active-project.eu

BestBuy
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Today, too much information is stuck inside 

data silos: hard to query and hard to inter-link
By LadyDragonflyCC - Explore MY World http://www.flickr.com/photos/19646481@N06/4285739547/
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Data Web
Using web technology to create a WWW database

• Linking Data instead of documents using RDF(S)

• Linking Data Silos

– Open standards, easily extensible to new datasets

• Machine processable

• “Web as a database”

Data Source1 Data Source 2

Data Source 3
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By http://richard.cyganiak.de/2007/10/lod/

The web of data is here and expanding fast

Large  datasets have been exposed by US, UK 

and now many other governments

16bn triples at March 2010
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SPARQL – Query Language for RDF Triples

SELECT ?x WHERE

{
?x rdf:type http://semanticweb.rg/id/Category:Country .

?x http://semanticweb.org/wiki/Property:Has_capital „Madrid„

}

?x

http://semanticweb.org/wiki/Category:CountryMadrid

x: http://semanticweb.org/id/Spain

http://www.w3.org/1999/02/22-rdf-syntax-ns#type
http://semanticweb.org/wiki/Property:Has_capital

Country

typeCapital City



© British Telecommunications plc

http://www.w3.org/2009/Talks/0204-ted-tbl/

Linked data standards allow heterogeneous data silos to be linked and novel 

applications to be built: “Let a thousand flowers bloom on the data web” 

Tim Berners-Lee
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Linked Open Data
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Crime Reporting

• Like a number of similar organisations, BT suffers significant losses 

and reinstatement costs from theft of cable and semi-precious metals

• BT launched “Operation Eiger” in 2008 

– nationwide intelligence-led task force to investigate cable thefts 

– strategy includes attending crime scenes, liaising with police and 

visiting scrap metal dealers

– incident reporting is critical, details include:

• time/date of incident

• location and type of damage

• size of the cable, length and type

• volume of customers affected

• estimate of the cost 

• Working with 7 other organisations with similar problems
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What happens after incidents are reported?

• Each organisation records incidents in a different format of 

spreadsheet

• Linked together using an ontology
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Location-based Information from Incident Reporting
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RDF Graph of Incident Data

• Ontologies for common domain understanding and 

inferred concept relations



© British Telecommunications plc

Flexible Information Extraction from Graph Data
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Visualise Incident Reports for BT and others

- merge data and add police information (data.gov.uk)
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Semantic Technology – SPARQL 

- a query language for graphs of data
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Visualise Incident Reports for BT and others

- a Linked Data prototype
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Semantic Business Intelligence

• Today‟s BI solutions 
– focus on an organisation‟s structured data (20%) 

– ignore the 80% unstructured information

• webpages, emails, slides, documents, …

– ignore the tens of thousands of external items in news 
articles, customer forums, blogs, …

• Semantic technologies can help
– Information Extraction – identifying people, places, 

organisations, trends, sentiment in unstructured information

– Information Fusion – uniform access to multiple 
heterogeneous (structured and unsstructured) data silos
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Semantic BI

E-mails

Web pages

News feeds

Documents

Databases

Semantic Data 

Integration

Domain 

Ontology

Semantic 

Queries

Business 

Rules

Client Applications

Data Sources

Structured

Information 

Extraction

Unstructured
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United

Kingdom

Semantic annotation uses text analytics to associate 

text items with underlying concepts, represented in an 

ontology: people, places, locations, …

Mr Cameron

David Cameron

The PM

The Prime Minister

Tory leader

He

Semantic Annotation
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Next Generation BI using semantic technology

E-mails

Web pages

News feeds

Documents

Databases

Semantic Data 

Integration

Domain 

Ontology

Semantic 

Queries

Business 

Rules

Client Applications

Data Sources

Structured

Information 

Extraction

Unstructured
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Application of NGBI in BT

Supporting Sales Teams: Win / Loss Analysis

• Win / Loss Reports are collected from BTB sales teams after a 

proposal is made and contains information that includes:

– product offering

– competitors

– people involved

– reasons for proposal outcome

– why BT was successful or not

• Challenge is to identify related events and trends that are not 

obvious from reading discrete reports such as:

– most / least successful teams?

– bestselling or least selling products and why?

– competitive landscape against a particular product mix?
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Supporting Sales Teams : Win / Loss Analysis

• The approach:

– Apply text analytics to the unstructured data to identify

• people, products, companies, locations and key-phrases

– Integrate this with the structured data

– Develop a dashboard to allow sales managers to:

• Search and browse reports using criteria from both 

structured and unstructured data

– “Show me reports where we lost and where XYZ is a 

competitor”

• See timelines of resulting wins and losses

• Analysis of virtual team performance

– Currently very time-consuming manual process
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Spreadsheet of Win/Loss Reports

• Reports contain both structured and unstructured data

• Difficult for humans to process a large amount of data
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“Win/Loss” Ontology fragment

• People

• BTB supplied

• additional people are 
semantically extracted

• Products 

• BTB supplied

• additional products are trained 
from reports

• Customers 

• trained from reports

• Partners 

• trained from reports

• Competitors 

• BTB supplied

• additional competitors are 
trained from reports

• Roles 

• BTB supplied

• additional roles are trained from 
reports
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Filters for 

structured

data

Filters for 

unstructured

data



© British Telecommunications plc

Specify a 

competitor of 

interest
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Specify a 

product
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Specify a 

time period



© British Telecommunications plc

Team performance analysis slide
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Reasons for wins/losses 

by product stream
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Reasons for wins/losses 

by competitor
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Supporting Sales Teams : Win / Loss Analysis

• Key benefits 

– extraction of business intelligence without manual 

intervention from previously un-mined information

– identification of trends and issues

– integration of previously disparate data silos

– replacing previous manual, costly approaches

• Status

– trial ongoing in BT Business

– early tangible benefits identified & estimated

– patent application under development

– integration with salesforce.com underway
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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BT Global Services

• Provides networked IT solutions for multi-site 
organisations (>35% total BT revenue)

• The Health division has a prominent role in ~€10bn 
UK NHS National Programme for IT

• ~€3bn of contracts for

– Networking

– National application service provider

– Local application service provider for London
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Health IT is heterogeneous & distributed

Hospital 

ward
Community 

health

General 

practiceRadiologySurgery

Pharmacy

Pathology
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Pattern repeated in each health community
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Patient centric Health IT

Patient journey
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NHS Connecting for Health

• Patient data
– Represented consistently

– Available at all stages of the patient journey

• National Health Records Service
– A live, interactive patient record service accessible by health 

professionals whether they work in hospital, primary care or 
community services

• .
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Medical vocabularies

• SNOMED-CT - Consistent use of medical vocabulary

– Systematised Nomenclature Of Medicine - Clinical Terms

– Merger of UK and US efforts with a joint editorial board

– Original development – College of American Pathologists

– Now managed by an international organisation based in 
Denmark

– Large reference terminology (>400,000 concepts)

– Aim to be machine interpretable for the exchange, aggregation, 
analysis of clinical data and to enable clinical decision support

semantic technology!
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Semantic Technology & Health

• SNOMED-CT

– Standard medical ontology (a “terminology”)

– 400000+ concepts

• Now expressed formally in OWL

– Reasoning

– Consistency checking
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SNOMED-CT & OWL

SNOMED-CT

• Concept based

• Clear separation of 

lexical representation 

and conceptualisation

– Whipple’s procedure

and 

pancreatoduodenectomy

terms represent the 

same medical concept

– Cold can mean cold 

temperature or a 

common cold

OWL

• SNOMED concept 

directly corresponds 

with OWL Class

– Class(Appendicectomy)

• RDFS label can be 

used to represent term 

labels (synonyms)
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Pure subsumption hierarchy

SNOMED-CT 

• has an „is-a‟ 

relationship 

equivalent to logical 

implication / 

subsumption

• A patient with 

asthma implies a 

patient with a 

respiratory disorder

Asthma is-a Respiratory-disorder

OWL

• Corresponds to 

OWL subclass
– SubClassOf(Asthma      

Respiratory_disorder)
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Composite Concepts: 

Defining new concepts on the fly

SNOMED-CT
• Relationships with other 

concepts that partially or fully 

define the concept of interest

• Description logic reasoner

used to classify concepts

OWL
• Can be modelled as 

existential restrictions

• Description logic reasoner

used to classify classes

An appendicectomy is defined as a surgical procedure using the method 

excision at the site appendix structure

EquivalentClasses(Appendicectomy

ObjectIntersectionOf(Surgical_Procedure

ObjectIntersectionOf(

ObjectSomeValuesFrom(procedure_site Appendix_Structure) 

ObjectSomeValuesFrom(method Excision))))
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Post coordination

SNOMED-CT
• Not designed to be 

complete „out of the 

box‟

• Extensible at the point 

of data entry through  

„post coordination‟

OWL

• Corresponds to 

anonymous class 

expressions of OWL-DL

Concepts for kidney, excision, and left exist: can create a new 

concept „left kidney excision‟

intersectionOf(Excision

restriction(procedure-site someValuesFrom

intersectionOf(kidney

restriction(laterality someValuesFrom left))))
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Semantic reasoning at point of care

• Description Logic reasoning is required in the live 

environment

• Why do you need semantic reasoning in the live 

environment?

– Post coordination (i.e. allowing users – clinicians - to create 

new terms)

– Can never enumerate all required medical concepts in 

advance

– New concepts are created by combining and/or extending 

old terms and reasoning determines the correct logical place 

for new concepts

– Creation of new anonymous class expressions (in OWL 

terminology)
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Healthcare 

application

Clinician A

1 Clinician records clinical data using novel 

expression e.g. patient has almond allergy
Allergy+caused_by+almond
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Healthcare 

application

Terminology 

service

Clinician A

2. Application registers novel expression with 

terminology service
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Healthcare 

application

Terminology 

service
Description Logic

Reasoner

Clinician A 3. Terminology service uses DL reasoner 

to calculate novel expression‟s position 

in the subsumption hierarchy of existing 

concepts

NB Specification of property values 

make this a non-trivial task
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Healthcare 

application

Terminology 

service
Description Logic

Reasoner

Clinician A

4. Terminology service provides information to 

application on the subsumption hierarchy including 

the position of the novel expression e.g. 

allergy+caused_by+almond is-a 

nut allergy
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Healthcare 

application

Terminology 

service
Description Logic

Reasoner

Clinician A

Clinician B
5 Clinician queries for patient data which contains novel 
expressions e.g. Which patients have nut 

allergies?
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Healthcare 

application

Terminology 

service
Description Logic

Reasoner

Clinician A

Clinician B

6 Application uses hierarchy information provided by the 

terminology service to execute query. (Almond allergies 

are now known to be nut allergies).
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Semantic reasoning – example 2

Snomed 

CT

Admin 

App

Clinician 

App

Q: How many 

„Key hole‟ 

procedures?

Hernia Repair

Access Instrument?

Data 

Warehouse

Terminology 

Service

Expression 

Library

Laparoscope

(implies keyhole procedure)

Reasoner

Pre-coordination Post-coordination

A procedure involving a laparoscope is a keyhole 

procedure: how is the system to determine the 

number of keyhole procedures if not explicitly stated 

to be such?

By use of a rule which states that use of laparoscope 

implies procedure was a laparoscopy, which is a kind 

of keyhole procedure
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Progress in BT

• Proof of concept using Semantic technology

– evaluating a range of reasoners

– FaCT++ Description logic reasoner from University of 

Manchester

– ~30 mins to initially load over 400,000 concepts in 

SNOMED-CT

– <10ms to calculate subsumption of simple anonymous 

class expressions shown in example above

• Work now handed over from research to 

development team
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Overview

• Brief introduction to semantic technology

• Applications

– Knowledge Management & the ACTIVE project

– Information Integration

– Linked Open Data

– Business Intelligence

• Specific application in the health sector

• Semantic Technology uptake & resources

http://richard.cyganiak.de/2007/10/lod/imagemap.html
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Semantic Technology uptake

• Semantic Technology is going mainstream…

– Oracle – adoption of RDF in 10g

– Reuters – all its information now available in RDF 

via Calais

• “Oracle Integrates Semantic Data into Workflows 

Using OpenCalais”

– BBC: programme information in RDF

– Much start-up activity 

• Ontoprise, Ontotext, Metatomix, Ontos, SEMgine, Hakia, ….

– SNOMED-CT, GO – the Gene Ontology, …
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Semantic Technology uptake

• Semantic Technology is going mainstream…

– Microsoft $100m acquisition of Powerset

– Yahoo!/Google also active

• Search Monkey & Rich Snippets

• Google adoption of GoodRelations ontology

• Organisations which can help

– ST International (www.sti2.org)

– W3C (www.w3c.org)

http://www.sti2.org/
http://www.w3c.org/
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A couple of (non-)controversies

• Web 2.0 renders the Semantic Web redundant ?

– Both are concerned with metadata (tags/ontological)

– A continuum

– Tag clouds for photos 

→ RDF for Open Calais

→ OWL-Full for life-critical health ontologies

• „Bottom-up‟ versus „Top-down‟ ?

– Appropriate technology for the task at hand

– Massive annotation of text – bottom-up

– Gene Ontology – top-down

– OntoGen – combines the two – generates an ontology 

bottom-up from a corpus, to be refined „top-down‟ by 

human
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Semantic Technology uptake

• Semantic Technology has applications both on and 

beyond the web

• Many sectors are using the technology today

– See 

http://www.w3.org/2001/sw/sweo/public/UseCases/

for 26 further case study examples

• “Semantic technologies could revolutionize enterprise 

decision making and information sharing”

– PWC Technology Forecast, Spring 2008

http://www.w3.org/2001/sw/sweo/public/UseCases/
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Semantic Technology resources (not exhaustive!)

• Ontology engineering environments

– Protege

– OntoStudio

• Triple stores

– SESAME

• Text Analytics

– Text Garden

• Information Extraction & Named Entity Recognition

– KIM/GATE

– Open Calais

– Zemanta

• Reasoners

– FACT++

– OWLIM

• Associations

– Semantic Technology Institutes International (www.sti2.at)

– W3C (www.w3c.org/2001/sw)
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Thank you for your attention

Questions?


