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Two definitions of library:
1. Place to make books available (to the public).
2. Knowledge exchange facility.
Which one would you choose? (until 20 years both 
definition probably coincided)

If books were the substrate to exchange knowledge (in 
the past) what will it be in the future?

• Maybe the Internet, the Web, structured information on the 
Web (i.e. Linked Data)?

Starting Question
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Achievements
1. Extension of the Web with a 

data commons (13.1 B facts
2. vibrant, global RTD 

community
3. Industrial uptake begins (e.g. 

BBC, Thomson Reuters, Eli 
Lilly) 

4. Emerging governmental 
adoption in sight

5. Establishing Linked Data as a 
deployment path for the 
Semantic Web.

LOD achievements and challenges

 Challenges
1. Coherence: Relatively few, 

expensively maintained links
2. Quality: partly low quality data 

and inconsistencies
3. Performance: Still substantial 

penalties compared to relational 
4. Data consumption: large-scale 

processing, schema mapping 
and data fusion still in its infancy

5. Usability: Missing direct end-
user tools and network effect

These issues are closely related and 
should ultimately lead to an 
ecosystem of interlinked knowledge!

• Web - a global, distributed  platform for data, information and knowledge integration
• exposing, sharing, and connecting pieces of data, information, and knowledge on the Semantic Web 

using URIs and RDF

July 2007 April 2008 September 2008

July 2009
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From unstructured sources
• NLP, text mining, annotation
From semi-structured sources
• DBpedia, LinkedGeoData, SCOVO/DataCube
From structured sources
• RDB2RDF

Extraction
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extract structured information from Wikipedia 
& make this information available on the Web as LOD:

• ask sophisticated queries against Wikipedia (e.g. 
universities in brandenburg, mayors of elevated towns, soccer 
players), 

• link other data sets on the Web to Wikipedia data
• Represents a community consensus

Recently launched DBpedia Live transforms Wikipedia 
into a structred knowledge base

Transforming Wikipedia into an 
Knowledge Base
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Title
Abstract
Infoboxes
Geo-coordinates
Categories
Images
Links
other language versions
other Wikipedia pages
To the Web
Redirects
Disambiguations

Structure in Wikipedia
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{{Infobox Korean settlement
| title       = Busan Metropolitan City
| img         = Busan.jpg
| imgcaption  = A view of the [[Geumjeong]] district in Busan
| hangul      = 부산 광역시
...
| area_km2        = 763.46
| pop         = 3635389
| popyear     = 2006
| mayor       = Hur Nam-sik
| divs        = 15 wards (Gu), 1 county (Gun)
| region      = [[Yeongnam]]
| dialect     = [[Gyeongsang]]
}}

http://dbpedia.org/resource/Busan

dbp:Busan   dbpp:title    ″Busan Metropolitan City″
dbp:Busan   dbpp:hangul   ″부산 광역시″@Hang
dbp:Busan   dbpp:area_km2 ″763.46“^xsd:float
dbp:Busan   dbpp:pop      ″3635389“^xsd:int
dbp:Busan   dbpp:region   dbp:Yeongnam
dbp:Busan   dbpp:dialect  dbp:Gyeongsang
...

Infobox templates

Wikitext-Syntax

RDF representation
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descriptions of ca. 3.4 million things (1.5 million classified in a consistent 
ontology, including 312K persons, 413K places, 94K music albums, 49K films, 
15K video games, 140K organizations, 146K species, 5K diseases
labels & abstracts in up to 92 different languages; 1.5M links to images; 5.5M 
links to external web pages; 5M links to other RDF data, 565K Wikipedia 
categories, 75K YAGO categories
altogether >1 billion pieces of information (i.e. RDF triples): 257M from English 
edition, 766M from other language editions

• substantial impact in science, technology and society
• became a central interlinking hub on the Data Web
• Scientific publications attracted more than 500 citations
• More than 15.000 monthly visits on DBpedia.org,

numerous press articles, blog posts …
• Ecosystem of commercial and community applications:

ThomsonReuters, BBC, Neofonie, Openlink, Faviki …

A vast multi-lingual, multi-
domain knowledge base
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SCOVO – Statistical Core Vocabulary

http://purl.org/NET/scovo

Successor: Data Cube Vocabulary
http://publishing-statistical-data.googlecode.com/svn/trunk/specs/src/main/html/cube.html

http://purl.org/NET/scovo�
http://publishing-statistical-data.googlecode.com/svn/trunk/specs/src/main/html/cube.html�
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SCOVO Importer – Linked Statistical Data
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Many different approaches (D2R, Virtuoso RDF 
Views, Triplify, …)
No agreement on a formal
semantics of RDF2RDF
mapping
• LOD readiness, 

SPARQL-SQL translation
W3C RDB2RDF WG

Extraction Relational Data

Tool Triplify D2RQ Virtuoso RDF 
Views

Technology
Scripting 

languages 
(PHP)

Java
Whole 

middleware 
solution

SPARQL 
endpoint - X X

Mapping 
language SQL RDF based RDF based

Mapping 
generation Manual Semi-

automatic Manual

Scalability
Medium-high

(but no 
SPARQL)

Medium High
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From unstructured sources
• Deploy existing NLP approaches (OpenCalais, Ontos API)
• Develop standardized, LOD enabled interfaces between NLP tools 

(NLP2RDF)
From semi-structured sources
• Efficient bi-directional synchronization
From structured sources
• Declarative syntax and semantics of data model transformations 

(W3C WG RDB2RDF)
Orthogonal challenges
• Using LOD as background knowledge
• Provenance

Extraction Challenges
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Extract and publish structured (meta-)data for 
the high-quality library content on the Data 
Web

Library opportunity



Creating Knowledge
out of Interlinked Data

SWIB:  Sören Auer - Von offenen Daten zu einem Ökosystem vernetzten Wissens 29.11.2010 Page 17 http://lod2.euStorage and Querying



Creating Knowledge
out of Interlinked Data

SWIB:  Sören Auer - Von offenen Daten zu einem Ökosystem vernetzten Wissens 29.11.2010 Page 18 http://lod2.eu

Still by a factor 5-50 slower than relational data 
management
Performance increases steadily
Comprehensive, well-supported open-soure and 
commercial implementations are available:

• OpenLink’s Virtuoso (os+commercial)
• Big OWLIM (commercial), Swift OWLIM (os)
• Talis (hosted)
• Bigdata (distributed)
• Allegrograph (commercial)
• Mulgara (os)

RDF Data Management
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• Reduce the performance gap between 
relational and RDF data management

• SPARQL Query extensions
• Spatial/semantic/temporal data management
• Caching
• View maintenance / adaptive reorganization 

based on common access patterns
• More realistic benchmarks

Storage and Querying Challenges
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Provide storage facilities for hosting Linked 
Data for their users

Library opportunity
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Authoring
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1. Semantic (Text) Wikis
• Authoring of semantically

annotated texts

2. Semantic Data Wikis
• Direct authoring of 

structured information 
(i.e. RDF, RDF-Schema, 
OWL)

Two Kinds of Semantic Wikis
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RDFauthor in OntoWiki



Creating Knowledge
out of Interlinked Data

SWIB:  Sören Auer - Von offenen Daten zu einem Ökosystem vernetzten Wissens 29.11.2010 Page 26 http://lod2.eu

Libraries can serve as support facilities (experts, 
consultants, educators best-practice disseminators) 
for knowledge based authoring & collaboration 
in many different (science) domains (humanities, life 
sciences…).

Library opportunity
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Linking
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Automatic
Semi-automatic
• SILK
• LIMES

Manual
• Sindice integration into UIs
• Semantic Pingback

LOD Linking

http://limes.aksw.org/�
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update and notification services for LOD 
Downward compatible with Pingback (blogosphere)
http://aksw.org/Projects/SemanticPingBack

Creating a network effect around
Linking Data: Semantic Pingback
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Visualizing Pingbacks in OntoWiki
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Only 5% of the information on the Data Web is actually linked
• Make sense of work in the de-duplication/record linkage 

literature
• Consider the open world nature of Linked Data
• Use LOD background knowledge
• Zero-configuration linking
• Explore active learning approaches, which integrate users in a 

feedback loop
• Maintain a 24/7 linking service: Linked Open Data Around-The-

Clock project (LATC-project.eu)

Interlinking Challenges

http://latc-project.eu/�
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Library content, metadata and metadata 
structuring taxonomies can becoming linking 
hubs for the Data Web
• Example: Personennamendatei (PND)

Library opportunity
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Enrichment
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Linked Data is mainly instance data and !!!

ORE (Ontology Repair and Enrichment) tool allows to improve an 
OWL ontology by fixing inconsistencies & making suggestions for 
adding further axioms.

• Ontology Debugging: OWL reasoning to detect inconsistencies and 
satisfiable classes + detect the most likely sources for the problems. 
user can create a repair plan, while maintaining full control.

• Ontology Enrichment: uses the DL-Learner framework to suggest 
definitions & super classes for existing classes in the KB. works if 
instance data is available for harmonising schema and data.

http://aksw.org/Projects/ORE

Enrichment & Repair

http://aksw.org/Projects/ORE�
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Library content, metadata and metadata 
structuring taxonomies can becoming very 
valuable background knowledge for 
knowledge base enrichment.

Library opportunity
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Quality on the Data Web is varying a lot
• Hand crafted or expensively curated knowledge 

base (e.g. DBLP, UMLS) vs. extracted from text 
or Web 2.0 sources (DBpedia)

Library opportunity
• Establish measures for assessing the authority, 

provenance, reliability of Data Web resources

Linked Data Quality Analysis
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• unified method, for both data evolution and ontology refactoring.
• modularized, declarative definition of evolution patterns is relatively 

simple compared to an imperative description of evolution
• allows domain experts and knowledge engineers to amend the ontology 

structure and modify data with just a few clicks
• Combined with RDF representation of evolution patterns and their 

exposure on the Linked Data Web, EvoPat facilitates the development 
of an evolution pattern ecosystem
• patterns can be shared and reused on the Data Web.

• declarative definition of bad smells and corresponding evolution 
patterns promotes the (semi-)automatic improvement of information 
quality.

EvoPat – Pattern based KB Evolution
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Evolution Patterns
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Be the “lighthouse” for the ocean of 
dynamically changing Linked Data.

Library opportunity
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Exploration
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Catalogus Professorum Lipsiensis





The CPL Model
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CPL Authoring Activity
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Visual Query Builder
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Relationship Finder in CPL
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Hosting and maintenance of exploration tools 
for the Data Web

Library opportunity
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Inter-
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Quality 
Analysis
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Repair

Search/ 
Browsing/ 

Exploration

Extraction

Storage/ 
Querying

Manual 
revision/ 
authoring

Libraries in the
Linked Data

Lifecycle

Hosting & 
maintenance of 
exploration tools

Be the 
“lighthouse” 
for the LOD 
ocean.

Library data is valuable 
background knowledge for 
KB enrichment & repair.

becoming 
linking hubs for 
the Data Web

support facilities 
for knowledge 
based authoring 
& collaboration

Provide storage 
facilities for 
Linked Data

Extract and publish 
structured (meta-) 
data for library 
content

Authorative
Linked Data for 
quality 
assessment
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Make the Web a Linked Data Washing Machine
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Take home messages

• Bibliographic information is one of the important 
information domains on the Web of Data

• Libraries can play a crucial role in the evolution of 
Linked Data towards an ecosystem of interlinked 
knowledge

• Different LOD aspects such as extraction, authoring, 
coherence/linking, evolution, browsing & exploration 
have to be deployed and further developed

• Libraries can position themselves as knowledge 
exchange facilities in the (Data) Web age.
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Thanks for your attention!

Sören Auer
http://www.informatik.uni-leipzig.de/~auer/ | http://aksw.org | http://lod2.org
auer@uni-leipzig.de

PUBLINK - Linked Open Data Consultancy
Apply till Dec 20th at:
http://lod2.eu/Article/Publink.html

http://www.informatik.uni-leipzig.de/~auer/�
http://aksw.org/�
http://lod2.org/�
http://lod2.eu/Article/Publink.html�
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