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Concepts

Open Data
• Openly available (on the web), under an open license

- “Open data and content can be freely used, modified, and shared by anyone for any 
purpose” – http://opendefinition.org

• But not necessarily “free” of charge
Linked Data
• Practical and simple Web of Data
• Based on W3C’s Semantic Web standards

- ”Rebranding Semantic Web”, focus on simple practical semantics

• Includes also closed data
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Outline

Web of Data
• Basics
• Data production
• Data harvesting and aggregation
• Content publishing and using
Linked Data publishing platform example: Linked Data Finland 
LDF.fi
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Web of Data: basics
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What is Web of Data?
Current web is a network that links pages: Web of Pages
• Can be searched/browsed with a traditional web browser
• Links connect pages
Data network has emerged inside the web: Web of Data
• Can be searched/browsed with a semantic application
• Links connect information (e.g., parrot  bird)
New (semantic) web consists of both of the networks
• Web of Pages (for humans)

- WWW World Wide Web
• Web of Data (for machines)

- GGG Giant Global Graph
- Google Knowledge Graph
- Microsoft Satori

Web of Pages
WWW

Web of Data 
GGG
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WWW and GGG coexistence
GGGWWW

(Anja Jentzsch, 2012) (Anja Jentzsch, 2012)
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Dimensions of application development

• Services for
- Humans
- Machines

• Data linking
• Data aggregation
• Data harvesting
• Data production

(Anja Jentzsch, 2012)
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Web of Data: data production
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Web of Data: content production

Embedded in web pages
• Microformats
• Microdata
• RDFa
Standalone RDF data
• RDF files and APIs

Linked Data, Semantic web
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1. Content production: Microformats

• Structured data embedded in web pages
• HTML tags are used for information representation
• Information represented with a set of properties and their values
• Formats tailored at specific need

- E.g., hCard, hCalendar, hRecipe …
- Simplicity; no common, cross-domain “semantics”

• Structured data enables 
- More focused search
- More accurate classification and visualization of search results

• Can be transformed into RDF with GRDDL (XSLT)
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Example: hRecipe for food recipes

• hrecipe Metadata about a recipe
• fn Title of the recipe
• ingredient Ingredients

• yield Quantity of production
• instructions Description of the process
• duration How long does it take
• photo Accompanying image
• …
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Searching ”chicken pasta” with ”lemon”
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2. Content production: Microdata

Extension of the HTML5 specification
• Primitives for information representation 
• Simple semantics compared to the

Semantic Web standards
• W3C working draft:

https://www.w3.org/TR/microdata/
http://schema.org
• Schemas for structured data mark-up on web
• Google, Yahoo, Microsoft
• Launched in June 2011
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Example: Microdata
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Embedded metadata on the Web: 
http://schema.org
• Used by Google, Yahoo, Bing, Yandex (RDFa, Microdata, Microformats)
• Web of (meta)data is coming …
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Schema.org type hierarchy (ontology) 
(only part)
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Embedding in web pages
RDFa



Department of
Computer Science

3. Content production: RDFa

• W3C’s recommended way to embed semantic information in an 
HTML page

• Schema.org supports since RDFa 1.1
- RDF data can be embedded also as JSON-LD

• Open Graph Protocol (OGP)
- Significant user of RDFa
- Used in Facebook

• Yahoo! research (Mika, Potter, 2012)
found that 25% of web pages
contain RDFa markup
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RDFa: bridging the human and data 
webs

• Bridge by embedding RDF in XHTML
• Software can then extract the RDF graph for the machine
• See also interactive RDFa “playground”
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Example of using RDFa
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Another example
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Real-life example

RDFa 1.1 Distiller and Parser
• http://www.w3.org/2012/pyRdfa/
• Try it, e.g., with Svenska YLE news:
• http://svenska.yle.fi/artikel/2014/01/21/krav-pa-egen-laptop-leder-till-ojamlikhet
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Real-life example: web page
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Real-life example: extracted RDF
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Example: Open Graph Protocol RDFa
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Idea of Linked Data

• Creating datasets in RDF
• Linking datasets together

- Cross-referencing data in other datasets
• E.g., place ”Finland” in GeoNames.org to president ”Niinistö” in DBpedia.org

- Identifying same concepts in different datasets
• E.g., ”Helsinki” in GeoNames.org vs. DBpedia.org

• Lightweight Semantic Web technologies used
- “A Little Semantics Goes a Long Way“ – Jim Hendler

• Linked Open Data (LOD) community
- http://linkeddata.org/
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Linked Open Data Story so Far
Starting 2005

(Tim Berners-Lee)
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New Datasets Linked with Others

(Tim Berners-Lee)
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And more datasets…

(Tim Berners-Lee)
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(http://linkeddata.org, 2009)

Linked Open Data cloud 2009
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http://www4.wiwiss.fu-berlin.de/bizer/pub/lod-datasets_2009-03-05.html
http://www4.wiwiss.fu-berlin.de/bizer/pub/lod-datasets_2009-03-05.html
http://linkeddata.org/


Linked Open Data cloud 2010
(http://linkeddata.org, 2010)
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Linked Open Data cloud 2011

onki.fi: Finnish municipalities

(http://linkeddata.org, 2011)
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http://linkeddata.org/


Linked Open Data cloud 2014
(http://linkeddata.org, 2014)
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http://linkeddata.org/


2019

36https://lod-cloud.net/

https://lod-cloud.net/


Knowledge Graph utilized in Google 
search results
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Web of Data: data harvesting and 
aggregation



Traditional model: 
data silos + difficult to use
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”Linked Data principles” 
(Tim Berners-Lee)
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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How to publish Linked Open Data?
5-star model

(Tim Berners-Lee)
http://5stardata.info
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Naming things with URI/IRIs
(to get the 4th star!)
Use HTTP URIs
• Domain name system makes distributed URI minting easy
• HTTP URIs can be used to access more information
• Avoid URNs, DOIs, etc. for these reasons
Avoid confusion between
• Objects themselves and 
• Web documents that describe them
• E.g. http://www.aalto.fi

- A university or a document about it?

Cool URIs = simple, stable, manageable

42

http://www.aalto.fi/
https://www.w3.org/TR/cooluris/


Department of
Computer Science

URI dereferencing

Return right information about a URI/URL using HTTP
• As specified by HTTP header request fields

- E.g., Accept: text/plain
- E.g., a web browser requests an HTML page

• Server decides what to return
• This is called content negotiation
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Dereferencing Strategies

Two strategies are in use
• 303 URIs
• Hash URIs
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303 URI Strategy

• Real world objects / abstract concepts cannot be returned, only 
documents

• Therefore, for such a URI 
- Server returns a 303 See Other response code (HTTP redirect)
- Client can find a related document by following the redirect

• An RDF description or an HTML page

• E.g., http://data.finlex.fi/eli/sd/2008/521/luku/1/pykala/1/ajantasa/20160101 
- http://data.finlex.fi/eli/sd/2008/521/luku/1/pykala/1/ajantasa/20160101.html
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Hash URI Strategy

303 URI strategy needs two requests
• Hash URIs avoid this

URI format: use # and fragment identifier
• E.g., http://example.fi/vocab/course#Seminar

Procedure
• Client truncates URI at  # 

- E.g., remove #Seminar

• Client sends a GET request
- E.g., http://example.fi/vocab/course

• The result is an RDF or an HTML document
• Notice: an entire document is returned, not only info about #Seminar

- Since the fragment is not seen by the server 
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303 URIs vs. Hash URIs

Hash URIs good for only small RDF descriptions (e.g., schemas)
• Extra HTTP request can then be saved
• The client must filter response further
303 URIs are used to access parts of RDF descriptions
• Extra HTTP call is needed
• Only relevant data is transmitted
• Further filtering not needed
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Linked Data interfaces and APIs

• Human application interface. Ordinary browsing/searching of 
application HTML pages

• Reading RDF data of a URI. Based on URI dereferencing 
• Linked Data browsing. Linked Data browser interface based on URI 

dereferencing
- Browsing based on RDF properties, rendered in HTML

- E.g., http://dbpedia.org/page/Jean_Sibelius

- Using LD browsers for the Web of Data
• E.g., http://uriburner.com/

• SPARQL endpoint. For querying the data in a standard way for, e.g., mash-
up applications

• Download. Downloading the data as an RDF data dump
- See, e.g., Museum Finland data: http://www.ldf.fi/dataset/mufi/
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DBpedia.org URI model

Using several URIs
• a URI for the real-world object itself
• a URI for a related information resource that describes the real-world 

object and has an HTML representation
• a URI for a related information resource that describes the real-world 

object and has an RDF representation
Example:
• http://dbpedia.org/resource/Helsinki # Object
• http://dbpedia.org/page/Helsinki # HTML represent.
• http://dbpedia.org/data/Helsinki # RDF data
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http://dbpedia.org/resource/Helsinki
http://dbpedia.org/page/Helsinki
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Example: identifying events in DBpedia

• How to represent the ”Battle of Albert” in WWI
• What language to use?

- Bataille d'Albert?  (fr)
- Albertin taistelu?  (fi)

• Which battle?
- Battle of Albert (1914) (25–29 September 1914)

• encounter battle during the Race to the Sea

- Battle of Albert (1916) (1–13 July 1916)
• opening phase of the Battle of the Somme, 1916

- Battle of Albert (1918) (21–23 August 1918)
• opening phase of the Second Battle of the Somme, 1918

• Is “Battle of Albert (1914)” a web page, concept, or identifier?
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Linked Data solution in DBpedia:
dereferencing ”Battle of Albert, 1914”
Web of Data (GGG) for machines:
• URI identifier

- http://dbpedia.org/resource/Battle_of_Albert_(1914)
• Web page URL

- http://dbpedia.org/page/Battle_of_Albert_(1914)
• (Meta)data on the web

- http://dbpedia.org/data/Battle_of_Albert_(1914)
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There is also...

Wikipedia pages (WWW) for humans:
• The actual Wikipedia information page(s)

- http://en.wikipedia.org/wiki/Battle_of_Albert_(1914)

Wikidata shared by different wikis
• Collaboratively edited knowledge base

- http://www.wikidata.org/wiki/Q786656

And application interfaces...
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http://en.wikipedia.org/wiki/Battle_of_Albert_(1914)
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http://dbpedia.org/page/Battle_of_Albert_(1914)
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http://dbpedia.org/page/Battle_of_Albert_(1914)


http://dbpedia.org/resource/Battle_of_Albert_(1914)
http://dbpedia.org/page/Battle_of_Albert_(1914) 
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http://dbpedia.org/resource/Battle_of_Albert_(1914)
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http://dbpedia.org/data/Battle_of_Albert_(1914)
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http://dbpedia.org/data/Battle_of_Albert_(1914)


http://en.wikipedia.org/wiki/Battle_of_Albert_(1914)
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http://en.wikipedia.org/wiki/Battle_of_Albert_(1914)


End-user interface: Events on the map and 
timeline: Battle of Albert 1914
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Data linking across datasets
(to get the 5th star!)
Relationship links
• Pointers to additional information

- E.g., persons to places where they lived

Identity links
• Pointers to similar resources in other datasets

- E.g., sameAs -links

Vocabulary links
• Pointers to vocabulary terms (in metadata models) in related datasets

- E.g., using Dublin Core dump-down principle

Ontology links
• Pointers to concepts in ontological vocabularies

- E.g., keyword thesauri for subject descriptions
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More information: read the chapters
1–2 from the Linked Data course book

• Openly available on the web: http://linkeddatabook.com/editions/1.0/
• Printed book: Morgan & Claypool, Palo Alto, CA, USA, 2011
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http://linkeddatabook.com/editions/1.0/
http://www.amazon.com/gp/reader/1608454304/ref=sib_dp_pt#reader-link
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Web of Data: data publishing and 
using



In the UK: http://data.gov.uk
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http://data.gov.uk/


Lots of applications online
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In the USA: http://www.data.gov
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http://www.data.gov/


Use cases
W3C’s Working Group Note: Data on the Web Best Practices Use 
Cases & Requirements
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https://www.w3.org/TR/dwbp-ucr/
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Using Web of Data as service
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Linked Data publishing platform 
example: Linked Data Finland LDF.fi



Linked Data Finland Living Lab 
http://ldf.fi
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http://ldf.fi/


Linked Open Universities
Linked Open Aalto: http://data.aalto.fi
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http://data.aalto.fi/
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Our ”7-star” model and LDF.fi data hotel

Goals: enhance re-usability and data quality

Burj Al Arab
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Why LDF.fi?
Living Laboratory for publishing Linked Open Data
• Same idea as in ontology services (e.g., ONKI http://onki.fi )
• But for data and schemas
Data Services for
• Linked datasets
• Schemas

Links to
• Related services
• Related applications

Learning Center
• For publishing and using Linked Data
• http://linda.seco.cs.aalto.fi
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Implementation

Based on Fuseki SPARQL server
• http://jena.apache.org/documentation/serving_data/
Varnish web application accelerator front-end for dereferencing 
URIs
• https://www.varnish-cache.org
Dataset home pages are generated automatically 
• Based on the metadata
• JavaScript and jQuery

71

http://jena.apache.org/documentation/serving_data/
https://www.varnish-cache.org/

	Linked (Open) Data� � �ME-E4300 Semantic Web, 23.1.2019�
	Concepts
	Outline
	Web of Data: basics
	What is Web of Data?
	WWW and GGG coexistence
	Dimensions of application development
	Web of Data: data production
	Web of Data: content production
	1. Content production: Microformats
	Example: hRecipe for food recipes
	Slide Number 12
	Slide Number 13
	Searching ”chicken pasta” with ”lemon”
	2. Content production: Microdata
	Example: Microdata
	Embedded metadata on the Web: http://schema.org 
	Schema.org type hierarchy (ontology) �(only part)
	Embedding in web pages��RDFa
	3. Content production: RDFa
	RDFa: bridging the human and data webs�
	Example of using RDFa
	Another example
	Real-life example
	Real-life example: web page
	Real-life example: extracted RDF
	Example: Open Graph Protocol RDFa
	Idea of Linked Data
	Linked Open Data Story so Far�Starting 2005
	New Datasets Linked with Others
	And more datasets…
	Linked Open Data cloud 2009
	Linked Open Data cloud 2010
	Linked Open Data cloud 2011
	Linked Open Data cloud 2014
	2019
	Knowledge Graph utilized in Google search results
	Web of Data: data harvesting and aggregation
	Traditional model: �data silos + difficult to use
	”Linked Data principles” �(Tim Berners-Lee)
	How to publish Linked Open Data?�5-star model
	Naming things with URI/IRIs�(to get the 4th star!)
	URI dereferencing
	Dereferencing Strategies
	303 URI Strategy
	Hash URI Strategy
	303 URIs vs. Hash URIs
	Linked Data interfaces and APIs
	DBpedia.org URI model
	Example: identifying events in DBpedia
	Linked Data solution in DBpedia:�dereferencing ”Battle of Albert, 1914”
	There is also...
	http://dbpedia.org/page/Battle_of_Albert_(1914)�
	http://dbpedia.org/resource/Battle_of_Albert_(1914)� http://dbpedia.org/page/Battle_of_Albert_(1914) 
	http://dbpedia.org/data/Battle_of_Albert_(1914) �
	http://en.wikipedia.org/wiki/Battle_of_Albert_(1914)  
	End-user interface: Events on the map and timeline: Battle of Albert 1914
	Data linking across datasets�(to get the 5th star!)
	More information: read the chapters�1–2 from the Linked Data course book
	Web of Data: data publishing and using
	In the UK: http://data.gov.uk 
	Lots of applications online
	In the USA: http://www.data.gov
	Use cases
	Using Web of Data as service
	Linked Data publishing platform example: Linked Data Finland LDF.fi
	Linked Data Finland Living Lab http://ldf.fi
	Linked Open Universities�Linked Open Aalto: http://data.aalto.fi  
	Our ”7-star” model and LDF.fi data hotel
	Why LDF.fi?
	Implementation

