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Overview

• Part 1: The Story So Far
– Linked Data: What and Why
– Web of Data: Current Status
– Publishing in a Nutshell

• Part 2: What Happens Next?
– Putting the Links in Linked Data
– Consuming Linked Data
– Implications of Linked Data for Applications
– The 'Killer App' Question
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The Story So Far
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Linked Data: What and Why
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About Me (In A Nutshell)
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About Me (In A Nutshell)

Tom lives in Bristol

Tom works for Talis

Talis is based in Birmingham
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Let's go to Work!













http://www.flickr.com/photos/_mia/
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http://www.flickr.com/photos/apenguincalledelvis/
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What Makes This Possible?







http://www.flickr.com/photos/_mia/
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The Historical Perspective

“At that time, the canal journey from Birmingham to 
Bristol took almost a week, and the road journey, which 
due to expense and road quality was only really suitable 
for passengers, took the best part of four days.”

http://en.wikipedia.org/wiki/Birmingham_and_Gloucester_Railway
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The Historical Perspective

“At that time, the canal journey from Birmingham to 
Bristol took almost a week, and the road journey, which 
due to expense and road quality was only really suitable 
for passengers, took the best part of four days.”

http://en.wikipedia.org/wiki/Birmingham_and_Gloucester_Railway

“The 'break-of-gauge' at Gloucester was a major 
problem. It caused pandemonium as whole trainloads 
of passengers, and their luggage, changed from one to 
another, together with the transshipment of goods.”

http://en.wikipedia.org/wiki/Birmingham_and_Bristol_Railway
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If Cities Were Data
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Gloucester is a Mashup
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Linked Data is the Web
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From Linked Places to Linked Data

• Building physical networks adds value to the places 
which are connected
– Why was the Birmingham and Bristol Railway built?



shared innovation

From Linked Places to Linked Data

• Building physical networks adds value to the places 
which are connected
– Why was the Birmingham and Bristol Railway built?

• Building virtual networks adds value to the things 
which are connected



shared innovation

From Linked Places to Linked Data

• Building physical networks adds value to the places 
which are connected
– Why was the Birmingham and Bristol Railway built?

• Building virtual networks adds value to the things 
which are connected

• Linked Data enables us to build a network or Web of 
data sets
– Adds value to the connected data sets



shared innovation

From Linked Places to Linked Data

• Building physical networks adds value to the places 
which are connected
– Why was the Birmingham and Bristol Railway built?

• Building virtual networks adds value to the things 
which are connected

• Linked Data enables us to build a network or Web of 
data sets
– Adds value to the connected data sets

• Using the Web infrastructure means no 'break of 
gauge' at Gloucester
– Cheaper, faster journeys between data sets
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Linked Data Principles (TimBL, 2006)

• Use URIs as names for things
– not just for documents

• http://dbpedia.org/resource/Talis_Group

– you are not your homepage
• http://tomheath.com/id/me

• Use HTTP URIs
– globally unique names, distributed ownership
– allows people to look up those names

• Provide useful information in RDF
– when someone looks up a URI

• Include RDF links to other URIs
– to enable discovery of related information
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“Talis is Based Near Birmingham”

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

       <http://xmlns.com/foaf/0.1/Person#based_near>

<http://sws.geonames.org/3333125/>
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Linked Data...

• ...is not just structured data published on the Web
– not equivalent to CSV files, (plain) XML, database dumps

• ...is a way of putting data into the Web

• ...is based on well-established Web standards

• ...adds value
– less redundancy, greater discoverability, network effects

• ...is experiencing rapid adoption
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Web of Data: Current Status
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The LOD "Cloud" - May 2007
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The LOD "Cloud" - July 2007
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The LOD "Cloud" - August 2007
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The LOD "Cloud" - November 2007
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The LOD "Cloud" – Feb 2008
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The LOD "Cloud" – Sept 2008
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The LOD "Cloud" – March 2009
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bbc.co.uk
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data.gov
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data.gov.uk
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data.ordnancesurvey.co.uk
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OpenGraphProtocol
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Publishing in a Nutshell
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6 Steps to Publishing Linked Data

1. Understand the Principles

2. Understand your Data

3. Choose URIs for Things in your Data

4. Setup Your Infrastructure

5. Link to other Data Sets

6. Describe and Publicise your Data
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Scenario

• Online whisky shop: Wiskii.com

• New business venture, founded by Jeff

• For the whisky connoisseur

• Detailed background information from experts

• Contributions from customers

• Custom web app, relational database backend

• Simultaneous publication in HTML and RDF
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1. Understand the Principles
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Linked Data Principles: Redux

• Use URIs as names for things

• Use HTTP URIs

• Provide useful information in RDF

• Include RDF links to other URIs
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2. Understand your Data
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2. Understand Your Data

• Key things present in the 
Wiskii.com database

– Distilleries
– Regions and Locations
– Founders
– Owners
– Brands
– Products
– Photos
– Reviews
– Comments
– Prices/Offers
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2. Understand Your Data

• What vocabularies can be used to describe these?

– Potential Ontologies/Vocabularies
• Geo
• GoodRelations
• FOAF
• Review
• SIOC
• Whisky

– Principles
• Reuse, don't reinvent
• Mix liberally
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3. Choose URIs for Things in Your Data
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3. Choosing URIs: Principles

• Use HTTP URIs

• Keep out of other peoples' namespaces
1. http://www.imdb.com/title/tt0441773/
2. http://www.imdb.com/title/tt0441773#thing
3. http://myfilms.com/tt0441773
4. http://myfilms.com/tt0441773.html

• Abstract away from implementation details
1. http://dbpedia.org/resource/Berlin
2. http://www4.wiwiss.fu-berlin.de:2020/demos/dbpedia/cgi-

bin/resources.php?id=Berlin

• Hash or Slash
1. http://mydomain.com/foaf.rdf#me
2. http://mydomain.com/id/me
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3. Choosing URIs: Common Patterns

• http://dbpedia.org/resource/New_York_City ← Thing

• http://dbpedia.org/data/New_York_City ← RDF data

• http://dbpedia.org/page/New_York_City ← HTML page

• http://mydomain.com/thing ← Thing

• http://mydomain.com/thing.rdf ← RDF data

• http://mydomain.com/thing.html ← HTML page
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3. Choosing URIs: Wiskii.com

• http://wiskii.com/regions/speyside

• http://wiskii.com/distilleries/talisker

• http://wiskii.com/brands/talisker

• http://wiskii.com/products/talisker-10-yo

• http://wiskii.com/products/glenmorangie-lasanta

• http://wiskii.com/people/william-matheson

• http://wiskii.com/photos/58

• http://wiskii.com/reviews/271
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3. Choosing URIs: Wiskii.com

• http://wiskii.com/distilleries/talisker

• http://wiskii.com/distilleries/talisker.rdf

• http://wiskii.com/distilleries/talisker.html

• http://wiskii.com/brands/talisker

• http://wiskii.com/brands/talisker.rdf

• http://wiskii.com/brands/talisker.html

• http://wiskii.com/people/william-matheson

• http://wiskii.com/people/william-matheson.rdf

• http://wiskii.com/people/william-matheson.html

• http://wiskii.com/photos/58
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4. Setup Your Infrastructure
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4. Setup Your Infrastructure

DB

PHP

HTML RDF

http://wiskii.com/distilleries/talisker.html http://wiskii.com/distilleries/talisker.rdf

http://wiskii.com/distilleries/talisker

HTTP GET
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4. Setup Your Infrastructure

DB

PHP

HTML RDF

http://wiskii.com/distilleries/talisker.html http://wiskii.com/distilleries/talisker.rdf

http://wiskii.com/distilleries/talisker

? ?

HTTP GET
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Content Negotiation
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4. Setup Your Infrastructure

DB

PHP

HTML RDF

http://wiskii.com/distilleries/talisker.html http://wiskii.com/distilleries/talisker.rdf

http://wiskii.com/distilleries/talisker

HTTP 303 See Other HTTP 303 See Other

HTTP GET



shared innovation

4. Setup Your Infrastructure

• Code samples for ConNeg and 303 Redirects
– http://linkeddata.org/tools

• Useful tools for debugging
– Firefox Extensions

• Modify Headers
• LiveHTTPHeaders

– cURL
• http://dowhatimean.net/2007/02/debugging-semantic-web-

sites-with-curl

• You don't have to 'roll your own'!
– See Toolbox section below
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5. Link to Other Data Sets
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5. Link to other Data Sets (Popular Predicates)

• owl:sameAs (thing to thing)
• foaf:based_near / ov:near (thing to thing)

• foaf:homepage (thing to document)
• foaf:page (thing to document)
• foaf:made (thing to document)
• foaf:depiction (thing to document)

• foaf:primaryTopic (document to thing)
• foaf:topic (document to thing)
• foaf:maker (document to thing)

• rdfs:seeAlso (document to document)
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5. Link to other Data Sets (Wiskii.com)

regions

distilleriesbrands

DBpedia

Geonames

Wikicompany

Homepages

!

FlickrWrappr
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5. Link to other Data Sets

• 'Roll Your Own' Linking Approaches
– String Matching

• e.g. comparing labels using similarity metrics
– Common Key Matching

• e.g. ISBN, Musicbrainz IDs
– Graph Matching

• Do these two things have the same label, type and 
coordinates

• Linking Frameworks
– See later

• Aim for reciprocal links
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6. Describe and Publicise your Data

• Help others discover and index your data
– Send pings to Sindice.com and pingthesemanticweb.com
– Provide a Semantic Sitemap for your Data Set
– Provide a voiD description of your Data Set

• http://rdfs.org/ns/void-guide

• Apply a license or waiver to your data set
– Protects consumers of your data => encourages reuse
– Creative Commons is probably not applicable
– Use the Open Database License (ODbL) or release into 

the public domain by applying PDDL or CC0 waivers
• http://opendatacommons.org/ 
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Linked Data Toolbox



shared innovation

Linked Data Storage/Publishing Layers

• RDB → RDF Middleware
– D2R Server

• Native RDF Storage (manage it yourself)
– 4Store
– AllegroGraph
– Bigdata
– BigOWLIM
– Jena TDB
– Neo4j
– Sesame
– Virtuoso

• Native RDF Storage (managed)
– Talis Platform
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Linked Data Publishing Frameworks/Tools

• Pubby
– Linked Data front-end for SPARQL Endpoints

• http://www4.wiwiss.fu-berlin.de/pubby/

• Paget Framework
– publishing framework for Linked Data
– serves up RDF according to Linked Data principles
– reduces configuration overhead
– can serve up data from static files or SPARQL endpoints 

• http://code.google.com/p/paget
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Linked Data: Part 2
What Happens Next?
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Putting the Links in
 Linked Data
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Putting the Links in Linked Data

• Generating Links

– Silk: Link Discovery Framework
• http://www4.wiwiss.fu-berlin.de/bizer/silk/

– LinQL
• http://www2009.org/proceedings/pdf/p1101.pdf

– Roll Your Own
• ...
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Data Linking: Who Pays?

• Data Publishers
– lowers the cost of consumption

http://tomheath.com/blog/2010/06/why-carry-the-cost-of-linked-data/
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Data Linking: Who Pays?

• Data Publishers
– lowers the cost of consumption

• Data Consumers
– when then benefits outweigh the costs

• Third Parties
– when there is a gap in the market

http://tomheath.com/blog/2010/06/why-carry-the-cost-of-linked-data/
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Putting the Links in Linked Data

• Types of Links
– Not just about owl:sameAs
– Links are just claims about the world

• LATC Project
– http://latc-project.eu/
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Consuming Linked Data
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[Application Architectures]ARC2
RAP

Paget

LDSpider

Jena

Squin

SWClientLibrary

Sindice

? ? ?
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Implications of Linked Data for the  
Applications we Build
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http://www.flickr.com/photos/khouri/
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The Document Metaphor is Everywhere!

• “I'd better clear all those messy files off my desktop 
before I connect to the projector”

• “Damn, I sent the email without attaching the file”

• “<sigh> I really must update my home page”
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Linked Data is not about...

• Searching for a specific document

• Visiting a particular Web site

• Browsing from one (RDF) document to the next
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Linked Data is about Things

• Describe any aspect you like...
...of any thing you like!

• Give identifiers (URIs) to those things

• Interact with those things directly!
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http://www.flickr.com/photos/25831000@N08/
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http://www.flickr.com/photos/kathycsus/
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10 Tasks for Potential 
Linked Data Applications

T. Heath (in press) A Taskonomy for the Semantic Web. Semantic Web Journal
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10 Tasks for Potential Linked Data Applications

Locating

Exploring

Monitoring

Notifying

Sharing

Transacting

Asserting

Discussing

Evaluating

Arranging
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10 Tasks for Potential Linked Data Applications

Locating

Exploring

Monitoring

Notifying

Sharing

Transacting

Asserting

Discussing

Evaluating

Arranging

Actio
ns on single 

things?

Aggregatio
n and analysis 

of L
inked Data fro

m th
e W

eb?

Adding Linked Data 

to th
e W

eb?
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Linked Document vs Linked Data Applications

• A document-centric perspective hides things inside 
documents, and constrains our imagination
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Linked Document vs Linked Data Applications

• A document-centric perspective hides things inside 
documents, and constrains our imagination

• If you don't feel constrained, then you're not thinking hard 
enough :)

• Linked Data promotes all things to first class Web citizens

• We need apps for direct actions on things, not just on 
documents about things



shared innovation

The 'Killer App' Question
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• Question: “What will be the Linked Data killer app?”
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The Killer App Question

• Question: “What will be the Linked Data killer app?”
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• Answer: If I knew, I wouldn't tell you.
• Answer: Killer apps are just post-hoc rationalisations

– What is the killer app of electricity? Lighting? TV? Who 
cares?
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The Killer App Question

• Question: “What will be the Linked Data killer app?”

• Answer: There may not be one. Get over it.
• Answer: If I knew, I wouldn't tell you.
• Answer: Killer apps are just post-hoc rationalisations

– What is the killer app of electricity? Lighting? TV? Who 
cares?

• No more obsessing or speculation allowed, 
principled analysis only!
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Where do we Focus our Efforts?

• Sustaining innovation

• Disruptive innovation
– Low-end disruption
– New-market disruption

(Christensen and Raynor, The Innovator's Solution, 2003)
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Where do we Focus our Efforts?

• “A sustaining innovation targets demanding, high-
end customers with better performance than what 
was previously available.”

• “If your idea for a product or business appears 
disruptive to some established companies but might 
represent a sustaining improvement for others, then 
you should go back to the drawing board.”

• Risky business ideas?
– A new search engine that exploits structured data
– A reviewing and rating site that publishes data in RDF
– A new CMS with Linked Data support
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model”
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• Low-End Disruption

– “Address over-served customers with a lower-cost business 
model”

– “Are there customers at the low end of the market who 
would be happy to purchase a product with less (but good 
enough) performance if they could get it at a lower price?”

– “Can we create a business model that enables us to earn 
attractive profits at the discount prices required to win the 
business of these over-served customers at the low end?”
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Where do we Focus our Efforts?

• Low-End Disruption

– “Address over-served customers with a lower-cost business 
model”

– “Are there customers at the low end of the market who 
would be happy to purchase a product with less (but good 
enough) performance if they could get it at a lower price?”

– “Can we create a business model that enables us to earn 
attractive profits at the discount prices required to win the 
business of these over-served customers at the low end?”

– What can we do less well with Linked Data, but at 
significantly less cost than with existing approaches?
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Where do we Focus our Efforts?

• New-Market Disruption

– “Compete against non-consumption”

– “New-market disruptive products are so much more 
affordable to own and simpler to use that they enable a 
whole new population of people to begin owning and using 
the product, and to do so in a more convenient setting.”
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Where do we Focus our Efforts?

• New-Market Disruption

– “Compete against non-consumption”

– “New-market disruptive products are so much more 
affordable to own and simpler to use that they enable a 
whole new population of people to begin owning and using 
the product, and to do so in a more convenient setting.”

– What can we enable with Linked Data that a large number of 
people aren't doing right now because it's too hard, 
expensive or inconvenient?
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Conclusions

• Linked Data is a truly Web-friendly way of publishing 
data

• Growth in data volumes is very rapid

• The nature of applications consuming Linked Data 
needs discussion / research

• Principled analysis may reveal gaps for potential 
killer apps
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Further Reading and Events

• Bizer, Heath and Berners-Lee (2009) Linked Data – 
The Story So Far, IJSWIS, 5(3), 1-22.
– available from http://tomheath.com/publications

• Tutorial on Publishing Linked Data
– http://linkeddata.org/docs/how-to-publish

• Synthesis e-Book on Linked Data
– coming later this year

• CoLD2010 workshop at ISWC2010

• LDOW2011 workshop at WWW2011?
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Questions?

• Contact Info
– tom.heath@talis.com
– http://tomheath.com/id/me
– http://www.talis.com/
– @tommyh (twitter)

• Slides
– http://tomheath.com/slides/2010-09-brixenbressanone-linked-data.pdf
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