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A Web of Data/Information

Source:

http://www4.wiwiss.fu-berlin.de/bizer/pub/lod-datasets_2009-03-05.html



e-discovery

• Producing evidence in the form of ESI

• Preserve, find, filter, produce

• Find the right people? How?

• Who committed code to 

the search Module?

• Who did the report to?

• Who was the most senior 

developer reporting to that 

manager?

• Who had access rights to 

commit the marketing 

materials?



Supply Chain Information Sharing 

Sustainability Labelling

• Sustainability is a major issue

– We need to change our behaviour

• Educate and Inform

• The Sustainability Consortium• The Sustainability Consortium

– Label products with e.g. their carbon footprint

• Publish the data

– Compute your data from that of your suppliers

– Find suppliers with better processes

– Improve your footprint



Government

• Informing the citizen – democracy in the 

internet age

– Keeping the government honest

– Forestalling the lobbyists (e.g. Obama and – Forestalling the lobbyists (e.g. Obama and 

healthcare)

• Information is the lubricant of the economy

– The better it flows – the better off we will be

• Priming a knowledge economy



Yes Minister
Gov minister: Humphrey, I want you to publish all our data.

Sir Humphrey: 

(smiling)

That would be a very bold move Minister.

Gov minister: 

(alarmed)

Oh would it?  Oh dear.  The Prime Minister wants us to publish 

our data!

Sir Humphrey: Don’t worry minister.  My colleagues and I have agreed to set 

up an inter-departmental committee with a brief to identify all up an inter-departmental committee with a brief to identify all 

the information that might be published by government now 

or in the future and to agree a rich an extensible data model to 

fully express that information, fully interlinked, and able to 

represent all department’s viewpoints on the data and 

efficiently support all likely queries, following which we will 

initiate an activity to harmonize that data model with those 

produced by similar initiatives in Europe.

Gov minister: You mean you’ve buried it Humphrey?

Sir Humphrey: Yes minister.



Publishing Data Web Style

• Just publish it

– No need to agree a schema

• But we also want to link it together

– Just putting some spreadsheets on the web – Just putting some spreadsheets on the web 

doesn’t make it easy to link the data up



Linked Open Data Principles

(Tim Berners-Lee)

• Use URIs as names for things 

• Use HTTP URIs so that people can look up 

those names. 

• When someone looks up a URI, provide useful • When someone looks up a URI, provide useful 

information, using the standards (RDF, 

SPARQL) 

• Include links to other URIs. so that they can 

discover more things. 

Source: http://www.w3.org/DesignIssues/LinkedData



The RDF Data Model

Name ‘things’ with URIs

http://.........

/school/001



Resources have Properties

which are named by URIs

http://.........

/school/001

Rdfs:label http://www.w3.org/2000/01/rdf-schema#label

Unlike in Object Oriented Programming 

Languages, properties are first class entities.

Marlwood School

Rdfs:label http://www.w3.org/2000/01/rdf-schema#label



Property Values can be resources too

http://.........

/school/001

Rdfs:label

B:NorthAvon
:hasConstituency

Rdfs:label

Marlwood School

Rdfs:label

North Avon

Rdfs:label



Reuse existing URIs for resources

B:NorthAvon

Rdfs:label

:sittingMP

North Avon

B:SteveWebb

Steve Webb

Rdfs:label

Rdfs:label



And good things happen

http://.........

/school/001

Rdfs:label

B:NorthAvon
:hasConstituency

Rdfs:label

:sittingMP

Marlwood School

Rdfs:label

North Avon

B:SteveWebb

Steve Webb

Rdfs:label

Rdfs:label



And if they didn’t

http://.........

/school/001

Rdfs:label

A:NorthAvon

:hasConstituency

Rdfs:label

:sittingMP

B:NorthAvon

Marlwood School

Rdfs:label

North Avon

B:SteveWebb

Steve Webb

Rdfs:label

Rdfs:label



Use owl:sameAs

http://.........

/school/001

Rdfs:label

A:NorthAvon

:hasConstituency

Rdfs:label

:sittingMP

B:NorthAvon

Owl:sameAs

Marlwood School

Rdfs:label

North Avon

B:SteveWebb

Steve Webb

Rdfs:label

Rdfs:label



Datatypes, blank nodes and structured 

values

http://.........

/school/001

Rdfs:label

:position

Marlwood School

Rdfs:label

100^^xsd:int

:numPupils

123456^^xsd:int 987654^^xsd:int

:easting:northing



RDF Schema

A Simple Modeling Language

B:SteveWebb

U:Man

Rdf:type



RDF Schema

Subclass

U:Person

Rdfs:subClassOf

Note: 

B:SteveWebb

U:Man

Rdf:type

Note: 

RDF Schema is itself expressed in RDF



RDF Schema

A Simple Ontology Language

U:Person

Rdfs:subClassOf

B:SteveWebb

U:Man

Rdf:type

Daughter

:hasFather



RDF Schema

A Simple Ontology Language

U:Person

Rdfs:subClassOf

B:SteveWebb

U:Man

Rdf:type

Daughter

:hasFather

U:Woman

Rdf:type



RDF Schema

A Simple Ontology Language

U:Person

Rdfs:subClassOf
Rdfs:subClassOf

B:SteveWebb

U:Man

Rdf:type

Daughter

:hasFather

U:Woman

Rdf:type



RDF Schema Inference

Subclass Inference

U:PersonU:Man U:LivingBeing



RDF Schema

Domain, Range, subProperty

• Range: defines the type of the value of a 

property – can be a datatype or a class

• Domain: defines the type of the thing at the 

blunt end of the arrowblunt end of the arrow

• subPropertyOf: hasFather is a subProperty of 

hasParent:

– X :hasFather Y => X hasParent Y

• hasFather and hasParent have different ranges



OWL: Web Ontology Langauge

• RDFS is expressively weak

– No negation – no contradiction

• OWL is a more powerful language

– Class expressions – e.g. Union, intersection, – Class expressions – e.g. Union, intersection, 

disjoint

– Property types – inverse, transitive, functional, ...

– ...



A Worked Example

Publish the EduBase Dataset LOD Style

• Basic reference data about schools in the UK

• Website http://www.edubase.gov.uk/home.xhtml

• CSV File

– 218 columns– 218 columns

– 66k rows – 1 per school

• Looks a bit like:

URN LA code LA Status Name Type ...

100000 201 City of 

London

Open School 

name

Voluntary  

Aided

...



Translation process

• Could operate in text mode with perl, awk, sed
whatever to translate from CSV to an RDF 
concrete syntax such as RDF/XML or TURTLE.

• Also need to produce an ontology

• - use RDF tools• - use RDF tools



Jena Library Overview

Model 

API

Ontology 

API

SPARQL

API

Joseki

Server

memory

Graph SPI

File 

backed

TDB

Over disk

Legacy 

DB stores

Graph SPI

Jena 2 Rules Engine

RDFS “OWL” Custom

external

none

Readers 

writers and 

bridges

RDF/XML

Turtle

GRDDL

RDFa

Tools

Eyeball 

validator

Command 

line utilities

schemagen



Graph SPI

• Node s = Node.createResource(“http://...”);

• Node p = Node.createResource(“http://...#label”);

• Node o = Node.createLiteral(“10”, http://...#int);

• Triple t = new Triple(s,p,o);• Triple t = new Triple(s,p,o);

• Graph g = new Graph();

• g.add(t);  // or g.add(s,p,o);

• Iterator<Triple> iter = g.find(null, null, null);



Model API

Convenience API after JDom

• Model m = ModelFactory.createDefaultModel();

• m.createResource()

• .addProperty(SCHOOL.numPupils, 100)

• .addProperty(RDFS.label(“Marlwood School);• .addProperty(RDFS.label(“Marlwood School);

• m.list(null, null, null);

• r.getProperty(RDFS.label).getString();



Input File Analysis

• Column headings massaged to produce property 

class names etc

• Automatic analysis identifies probable patterns

– String valued properties– String valued properties

– Datatype valued properties

– Controlled vocabulary terms

– Types/boolean valued properties

• Then manually tweak – to produce an ontology



Semi-automatic production of the 

ontology

:establishmentName a owl:DatatypeProperty;

rdfs:label 'establishment name';

rdfs:domain :School;

rdfs:range xsd:string;rdfs:range xsd:string;

meta:columnName 'EstablishmentName';

meta:columnCategory 'SIMPLE_STRING'.



A Class

• :TypeOfEstablishment_LA_Nursery_School

• a owl:Class;

• rdfs:subClassOf :School;

• rdfs:label 'LA Nursery School';• rdfs:label 'LA Nursery School';

• rdfs:comment 'A class used to indicate a LA 

Nursery School type of establishment';

• meta:columnName 'TypeOfEstablishment

(name)'.



Pseudo Boolean

• :officialSixthForm a owl:DatatypeProperty;

• rdfs:label 'official sixth form';

• rdfs:domain :School;

• rdfs:range xsd:boolean;• rdfs:range xsd:boolean;

• meta:columnName 'OfficialSixthForm (name)';

• meta:columnCategory 'PSEUDO_BOOLEAN';

• meta:descriptionIfTrue 'Has a sixth form';

• meta:descriptionIfFalse 'Does not have a sixth 
form'.



The Jena 2 Rules Engine

• Hybrid Forward and Backward Chaining Engine

• Rules can fire both ways

• Forward engine can add rules for the backward engine

• Can update – add new triples – get new deductions



Forward Chaining Rule

• (cs1 cp1 co1),

• (cs2 cp2 co2)

• ->

• (ds1 dp1 do2),

• (ds2 dp2 do2)• (ds2 dp2 do2)

• Can have functors in the object position
– (ds1 dp1 functor(cp1 cp2 co1 co2))

• Small extensible set of built in functions
– makeTemp(?temp), makeList etc



Example Translation Rule

For an ontology pattern

• [datatypeRule: 

• (?rawSchool cont:raw2new ?school),

• (?rawSchool ?p ?o),

• (cont:columnRec ?p ?columnName),

• (?np meta:columnName ?columnName),• (?np meta:columnName ?columnName),

• (?np meta:columnCategory “SIMPLE_DATATYPE),

• (?np rdfs:range ?dataType),

• makeTypedLiteral(?o, ?dataType, ?dtValue),

• ->

• (?school ?np ?dtp)

• ]



Compile Phase creates Control Triples

• [datatypeCompileRule:

• (?rawSchool ?p ?columnName),

• (?np meta:columnName ?columnName),

• (?np meta:columnCategory “SIMPLE_DATATYPE),

• (?np rdfs:range ?dataType),

• ->    

• (?p cont:datatype ?dataType),

• (?p cont:newProp ?np)• (?p cont:newProp ?np)
• ]

• [dataTypeTransformRule:

• (?rawSchool ?p ?o),

• (?p cont:datatype ?dataType),

• (?p cont:newProp ?np)
• makeTypedLiteral(?o, ?dataType, ?dtValue),

• ->

• (?school ?np ?dtp)

• ]



Creating Graphs

• Not all properties 
are hung of the root 
node

• Create Vcard:phone• Create 
substructures

• Name the nodes

• Don’t build 
structure for which 
there is no data

Vcard:phone

Vcard:adr



Translation Instruction

• Instruction structure
– Subject predicate object

– Subject and object 
have:

• A name (optional) property

name

property
function

• A name (optional)

• A function (optional)

• Instruction Execution
– Evaluate the object

– if there is a subject and 
property

• Evaluate the subject

• Add the triple (s p o)

property

Order 

indicator

name

function



Build the graph structure bottom up

• Instruction

– Subject name “addr”

– Subject Fn: make bNode

– Property: prop– Property: prop

– Object name: none

– Object Fn: get value



Build the graph structure bottom up

• Instrution

– Subject name “addr”

– Subject Fn: make bNode

– Property: prop– Property: prop

– Object name: none

– Object Fn: get value



Build the graph structure bottom up

• Instrution

– Subject name “vcard”

– Subject Fn: make bNode

– Property: vcard:adr– Property: vcard:adr

– Object name: addr

– Object Fn: none

Vcard:adr



Build the graph structure bottom up

• Instrution

– Subject name “root”

– Subject Fn: ...

– Property: :vcard

:vcard

– Property: :vcard

– Object name: vcard

– Object Fn: none

Vcard:adr



Interpreter
Std Rules

headings

Raw data

Ontology

Jena

RE

Custom Rules

instructions

Results



How are we doing on the principles

• Use URIs as names for things 

• Use HTTP URIs so that people can look up 

those names. 

• When someone looks up a URI, provide useful • When someone looks up a URI, provide useful 

information, using the standards (RDF, 

SPARQL) 

• Include links to other URIs. so that they can 

discover more things. 



DBPedia

• We all know about Wikipedia

• DBPedia project

– Extracts information from wikipedia

– Publishes it Linked Open Data style– Publishes it Linked Open Data style

<http://dbpedia.org/resource/Northavon_%28UK_Parliament_constituency%29>

rdfs:label "Northavon" ;

dbpprop:mp <http://dbpedia.org/resource/Steve_Webb> .

<http://dbpedia.org/resource/Steve_Webb>

rdfs:label "Steven John Webb" ;

dbpprop:name "Steven John Webb" .



Link dbpedia to Berlin wikipedia page infobox













Linking Data

• Schools data specifies the parliamentary 
constituency its in

• Link to:

– OS administrative geography data– OS administrative geography data

– DBPedia information about the constituency

• The schools data has a text field with the 
name of the constituency – not a URI.

• So get all the DbPedia constituencies and do a 
text match on the names



The SPARQL Query We’d like to do

• @PREFIX dbpedia: < ... >

• @PREFIX  skos: <...>

• CONSTRUCT {

• ?constituency rdfs:label ?label . 

• }

• WHERE  {

• ?constituency rdf:type dbpedia:UkParliamentaryConstituency .

• ?constituency rdfs:label ?label  .

• FILTER (lang(?label) = "en") }

• }

• This DOESN’T work! 



Jena Local and remote SPARQL Query
CONSTRUCT {

?constituency rdfs:label ?label . 

}

WHERE  {

SELECT ?concept {

?concept (skos:broader)+

category:United_Kingdom_Parliamentary_constituencies .category:United_Kingdom_Parliamentary_constituencies .

OPTIONAL {(?narrower skos:broader ?concept)}

FILTER(!BOUND(?narrower))

}

SERVICE <http://dbpedia.org/sparql> {

?constituency skos:subject ?concept .

?constituency rdfs:label ?label  .

FILTER (lang(?label) = "en“)

}

}



Name Matchers built using 

SecondString

• configMatcher(“const”, "logNoMatch", "false"),

• configMatcher(“const”, "preprocessor", "remove", " 
(UK Parliament constituency)"),

• configMatcher(“const”, "preprocessor", "dropChars", 
".,-\""),".,-\""),

• configMatcher(“const”, "preprocessor", "tolowercase"),

• configMatcher(“const”, “algorithm”, “bagOfWords”),

• configMatcher(“const”, "load" , 
<file:data/dbPediaConstituencies.n3>, rdfs:label, "N3")



Custom Rule to create link

• [linkConstituencyToDbPedia:

• (?p cont:newProp school:parliamentaryConstituency),

• (school:parliamentaryConstituency meta:columnName
?nodeName),

• makeTemp(?node),• makeTemp(?node),

• makeList(?p, cont:ParliamentaryConstituency, ?args)

• ->

• (?node cont:linkProp owl:sameAs),

• (?node cont:nodeName ?nodeName),

• (?node cont:op config:lookup),

• (?node cont:args ?args)

• ] 



Modeling needs care ...

• OS have data describing the geo properties of 

various adminstrative regions
• <rdf:Description rdf:about="http://data.ordnancesurvey.co.uk/id/7000000000024920">

• <rdf:type

rdf:resource="http://www.ordnancesurvey.co.uk/ontology/admingeo/We

stminsterConstituency"/>
• <rdfs:label>Northavon</rdfs:label>

• <foaf:name>Northavon</foaf:name>

• <admingeo:hasUnitID>24920</admingeo:hasUnitID>

• <admingeo:hasAreaCode>WMC</admingeo:hasAreaCode>

• <admingeo:hasArea>47032.424</admingeo:hasArea>

• </rdf:Description>

• But beware – the OS constituency is a geographic area – not an 

administrative body

• Don’t use owl:same has – use :hasRegion or some such



How are we doing on the principles

• Use URIs as names for things 

• Use HTTP URIs so that people can look up 

those names. 

• When someone looks up a URI, provide useful • When someone looks up a URI, provide useful 

information, using the standards (RDF, 

SPARQL) 

• Include links to other URIs. so that they can 

discover more things. 



Publishing the data

• LoD says:
– Name things – like schools – with URIs

– Use http URIs to make them de-referencable

• Big web architecture debate about whether 
http URIs can name things or only documents

• http://www.ihmc.us/users/phayes/PatHayesAbout.html• http://www.ihmc.us/users/phayes/PatHayesAbout.html

– States that this URI denotes Pat Hayes the man –
not the document you get back if you do a GET 
on it

– But surely it must name the document

– And since men and documents are disjoint ...



A Simple Publishing Scheme

GET .../id/school/100000

.../doc/school/100000

GET .../doc/school/100000

rewrite

Redirect 303

DESCRIBE

“the response to the request can be found 

under a different URI ..."

GET .../doc/school/100000
DESCRIBE

.../is/school/...
SPARQL

RDF Graph
format



How are we doing on the principles

• Use URIs as names for things 

• Use HTTP URIs so that people can look up 

those names. 

• When someone looks up a URI, provide useful • When someone looks up a URI, provide useful 

information, using the standards (RDF, 

SPARQL) 

• Include links to other URIs. so that they can 

discover more things. 



Now that we have linked data ...
• SELECT ?mpName (sum(?teenMotherPlaces) as ?total)

• WHERE {

• SERVICE <http://dbpedia.org/sparql> {

• ?cons dbpprop:mp ?mp .

• ?mp rdfs:label ?mpName .

• }

• ?dbpediaLinks rdfs:label “DBPedia Links” .

• Graph ?dbpediaLinks {

MP #

Steve Webb 0

... 0

... 5• Graph ?dbpediaLinks {

• ?c2 owl:sameAs ?cons . 

• }

• ?school edu:establishmentName ?schoolName;

• edu:hasTeenageMothers "true"^^xsd:boolean; 

• edu:teenageMotherPlaces ?teenMotherPlaces;

• edu:parliamentaryConstituency ?c2 . 

• } GROUP BY  ?mpName ORDER BY ?total

... 5

... ...



So what else could you do with the 

data

• Houses for sale/rent

– web page can dynamically link to local schools

– Show key information – performance data, 

truancy rates, specialisms etctruancy rates, specialisms etc



UK Governement appeal to try out 

new data site and exploit the data

• “From today we are inviting developers to show 

government how to get the future public data site 

right - how to find and use public sector 

information.”information.”

• 1000+ datasets (not all/many in LoD form - YET)

• Including a SPARQL endpoint on the EduBase

dataset

• http://blogs.cabinetoffice.gov.uk/digitalengagem

ent/



Discussion


