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What is an Ontology?

„A theory of being, which tries to explain the 
being itself, by developing a system of universal 
categories and their intrinsic relationships...“

Philosophy



Knowledge Engineering with Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam

5

What is an Ontology?

"An ontology is an explicit, formal specification 
 of a shared conceptualization.“ 

Computer Science
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Domain Ontology Task Ontology

Application Ontology

(acc. to Guarino,1998)

Top-Level Ontology
(Upper Ontology,

Foundation Ontology)

What is an Ontology?
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7 •Ontologies enable interoperability among metadata
•Therefore, we need
•Methods for efficient development of ontologies
(Ontology Design)
•Methods for efficient comparison of ontologies 
(Ontology Mapping)
•Methods for efficient combination of ontologies 
(Ontology Merging)

•There are automated methods to support Ontological Engineering:
•Learning new ontologies from a given set of information resources 
(Ontology Learning)
•Populating existing ontologies with individuals from information resources

Ontological Engineering
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GREAT
ONTOLOGY

SOmething

Ontology Development Process

acc. to http://geekandpoke.typepad.com/geekandpoke/2012/01/simply-explained-dp.html
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Methodologies of  Ontology Design

•A methodology of Ontology Design describes all activities 
necessary for the construction of an ontology.

•Why do we need a formal methodology?

•development of consistent ontologies

•efficient development of complex ontologies

•distributed development of ontologies

•We distinguish (acc. to Fernandez-Lopez et. al., 1997)

•Ontology management activities

•Ontology development oriented activities

•Ontology support activities
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Ontological Engineering

Management Development Oriented Support

scheduling

control

quality assurance

environment study feasibility study

conceptualizationspecification

formalization implementation

maintenance use / reuse

knowledge acquisition

evaluation

documentation merging

alignmentconfiguration
management

integration

acc. to Fernandez-Lopez et. al., 1997
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Ontology Management Activities

•Scheduling

•Identification of tasks/problems to solve

•Arrangement/planning of tasks/problems to solve

•Identification of required resources  
(time, memory, etc…)

•

•Control

•Guaranteeing correct execution of tasks/problems to solve
•

•Quality Assurance

•Quality assurance of all produced resources during 
development
(ontologies, software, documentation) 
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1.Pre-Development

•Environment Study

•What is the designated software platform for the 
ontology?

•Which applications should use the ontology?

•Feasibility Study

•Can the ontology really be developed?

•Does it make sense to develop the ontology?

Ontology Development Oriented Activities

1. Pre-Development
2. Development
3. Post-Development
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Ontology Development Oriented Activities

SPECIFICATION

CONCEPTUALIZATION

FORMALIZATION

IMPLEMENTATION lev
el 

of
 a

bs
tra

ct
io

n



Knowledge Engineering with Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam

14
2.Development

•Specification

•Why is the ontology developed, what is the benefit and 
who are the end-users?

•Conceptualization

•Structuring domain knowledge in a conceptual model

•Formalization

•Formalize conceptual model in (semi-)computable 
model 

•Implementation

•Construction of a computable model in an ontology 
representation language

Ontology Development Oriented Activities
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•Maintenance

•Update and adjustment of the ontology (if necessary)

•Use / Reuse

•Usage of the ontology within the designated applications 
as well as in unplanned applications/ontologies

Ontology Development Oriented Activities
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Ontology Support Activities

•Knowledge Acquisition
•Gather knowledge from experts (Ontology Learning)

•Evaluation
•Technical evaluation of the ontology in each step of the 

development process

•Integration
•Reuse of existing ontologies (Ontology Reuse)

•Merging
•Construction of a new ontology from already existing ontologies 

within a specific domain
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Ontology Support Activities

•Alignment
•Design/apply mapping rules for involved ontologies

•Documentation 
•Each step of the ontology development must be accurately 

documented

•Configuration Management
•Manages all versions of documentation and of the developed 

ontology



Knowledge Engineering with Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam

18

Ontological Engineering

Management Development Oriented Support

scheduling

control

quality assurance

environment study feasibility study

conceptualizationspecification

formalization implementation

maintenance use / reuse

knowledge acquisition

evaluation

documentation merging

alignmentconfiguration
management

integration

acc. to Fernandez-Lopez et. al., 1997
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GREAT
ONTOLOGY

SOmething

Ontology Development Process

acc. to http://geekandpoke.typepad.com/geekandpoke/2012/01/simply-explained-dp.html



•Based on Unified Process (UP) methodology in software development and 
Unified Modelling Language (UML)

•Use-Case driven, i.e. more suitable for application ontologies than for 
domain ontologies

•Goals:

•Reduction of time and cost in the development of large scale ontologies 

•Quality improvement of the developed ontology via progressive validation 
of intermediate results

•Methodology for efficient collaboration of Knowledge Engineers and 
Domain Experts with clear separation of roles

•Intermediate results can already be evaluated by the user
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Unified Process for Ontology Building
De Nicola, Missikoff, Navigli (2005)
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6 •Development is divided into Cycles, which are subdivided into 4 Phases 
of Iterations (Inception, Elaboration, Construction, Transition). Each 
iteration results in a new prototype

•Each iteration consists of 5 workflows (Requirements, Analysis, Design, 
Implementation, Test) 

Unified Process for Ontology Building
De Nicola, Missikoff, Navigli (2005)
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7 •Workflows and Phases are almost orthogonal, i.e. 
involvement of single workflows in different phases of 
ontology development does vary

Unified Process for Ontology Building
De Nicola, Missikoff, Navigli (2005)



Knowledge Engineering with Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam

8

Ontology Development 101
(Noy, McGuinness, 2000)

•Example of a wine and food ontology

A shared
ontology on

wine and food

Which wine is the right one for fish?
French wine-growing

regions and wines

Californian 
wine-growing regions

and wines
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•Example of a wine and food ontology

Ontology Development 101
(Noy, McGuinness, 2000)
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• in practice an iterative Process that repeats continuously and 
improves the ontology

• there are always different approaches for modelling an ontology

• in practice the designated application decides about the modelling 
approach

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

„There is no one correct way to
model a domain. There are always viable alternatives.“

Ontology Development 101
(Noy, McGuinness, 2000)



•Which domain should be covered by the ontology?

•What should the ontology be used for?

•What types of Questions should be answered by the knowledge 
represented in the ontology?

•Who will use and maintain the ontology?

•Formulation of Competence Questions 
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Determine Domain and Focus

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

These Questions might change within the ontology life cycle
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determine

scope
consider

reuse
enumerate

terms
define

classes
define

properties
define

constraints
create

instances

Competence Questions (Wine Ontology)

• Which properties of the wine should be considered for modelling?

• Is Bordeaux a white wine or a red wine?

• Does a Sauvignon Blanc match with fish?

• Which wine matches best for grilled vegetables?

• Which properties of a wine do influence whether it matches with a 
specific dish?

• Does the bouquet of a wine change with different vintages?

• Does the color of the wine depend on the color of the grape?

• ...

Determine Domain and Focus
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Consider Reuse

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

•Why should we consider reuse?

• in order to save cost
• in order to apply tools that are applied for other existing 

ontologies also for our own ontology

• in order to reuse ontologies that have been validated by their 
application

If you don‘t find a suitable ontology or if the adaption is too complex then create a new ontology!



•About which concepts are we talking?
•Which properties have these concepts?
•What do we want to say about these concepts?
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Develop a Terminology

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

Example: Wine Ontology
•wine, grape, winery, location,... 
•a wine‘s color, body, flavor, sugar content,... 
•subtypes of wine: white wine, red wine, Bordeaux wine,...
•types of food: seafood, fish, meat, vegetables, cheese,...
•...
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Develop Classes and Class Hierarchies

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

•Classes are concepts in the designated domain

•class of wines

•class of wineries

•class of red wines

• ...

•Classes are collections of objects with similar properties
•Choose a top-down / bottom-up / middle-out approach to model 

class hierarchies
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Define Properties

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

•Properties in a class definition describe attributes of instances

•every wine has a color, residual sugar, producer, etc...
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Define Property Constraints

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

• Property constraints (restrictions) describe or restrict the set of 
possible property values

• The name of a wine is a String

• The producer is an instance of Winemaker...
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Definition of  Instances

determine
scope

consider
reuse

enumerate
terms

define
classes

define
properties

define
constraints

create
instances

•Create instances for the classes
•Every class directly becomes the type of its instances

•Every superclass of a direct type is also type of its instances

•Create instances for properties, i.e. assignment of property 
values for the instances according to the given constraints

• „the glass of red wine that I drank last supper...“
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GREAT
ONTOLOGY

SOmething

Ontology Development Process

acc. to http://geekandpoke.typepad.com/geekandpoke/2012/01/simply-explained-dp.html
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Ontology Learning

•Ontology Design is very expensive wrt. time and resources
•can we automate the process or at least some parts?

•Ontologies can be „learned“ automatically 

•Ontology Learning defines a set of methods and techniques
•for fundamental development of new ontologies 
•for extension or adaption of already existing ontologies

•in a (partly) automated way from various resources.

•also referred to as Ontology Generation, Ontology Mining, or 
Ontology Extraction

•Automatization requires help from
•Natural Language Processing (NLP)
•Data Mining
•Machine Learning techniques (ML)
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5 •Fundamental (input) data for ontology learning:

•Structured Data

•Semi-structured Data

•Unstructured Data

XML

HTML
XML

HTML

Machine 
Learning

Natural 
Language 

Processing
+

Machine 
Learning

Ontology Learning
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Ontology Learning - Basic Approach (I)

…

document corpus

(1) Term
     extraction <dog> <dogs>

<cat> 
<siamese cat>

terms ontology

(2) Conceptualization
pet

dog

siamese cat

cat

(3) Evaluation and
      Adaption

Terms: linguistic realizations 
of domain specific concepts

Term extractions: requires 
linguistic processing (NLP) 
to identify important noun 
phrases and their internal 
semantic structure

Concepts: clusters of 
semantically related terms
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(1)Tokenizer / Sentence Splitter
(2)Morphological Analysis

• Stemming 

• Lemmatizer
(3)POS-Tagger

• Syntactic categories 
(verb, noun, preposition, etc...)

(4)Regular Expression Matching
(5)Chunks

• Detection of larger coherent structures in sentences
(6)Syntactic Parser

Ontology Learning - Basic Approach (II)
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(1) Association Rule Discovery

• Discovery of interesting associations between terms
(2) (Hierarchical) Clustering

• unsupervised learning, in particular clustering of terms
(3) Classification

• Classification of new concepts into an existing hierarchy
• e.g. with Support Vector Machines (SVM), Naive Bayes, knn

(4) Inductive Logic Programming

• Induction of rules from data, i.e. discovery of new concepts from 
extensional data

(5) Conceptual Clustering

• Formal Concept Analysis, learning concepts and concept hierarchies

Ontology Learning - Basic Approach (III)
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Ontology Learning - Layer Cake

Termsriver, country, nation, city, capital, ...

Multilingual Synonyms{country, nation, Land}

Concept Descriptionc:=country:=<description(c), uri(c)>

Hierarchy of Conceptscapital ⊑c city  ,  city ⊑c InhabitedGeoEntity

RelationsflowThrough(dom:river, range:GeoEntity)

Hierarchy of RelationscapitalOf ⊑R locatedIn

Axiomatic Schematariver ⊓ mountain = ∅ 

General Axions∀x((country(x)→∃y capitalOf(y,x)) ∧ (∀z (capitalOf(z,x)→y=z)))
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Ontology Learning Tasks

•which tasks from ontology development can be automated?

Ontology Learning Tasks 
•Ontology creation
•Ontology schema extraction
•Extraction of ontology instances
•Ontology integration and navigation
•Ontology update
•Ontology enrichment
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Ontology Learning Tasks

•Ontology Creation
•Design of an ontology from the scratch by a team of experts
•Maschine Learning (ML) supports the experts during the 

design phase by
•Suggestions of well suited relations among concepts
•Integrity / consistency checking of the designed ontology
•...
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Ontology Learning Tasks

•Ontology Schema Extraction
•Extraction of ontology schemata from heterogeneous 

documents, such as e.g. web documents or text 
documents 

•Machine Learning uses input data and meta ontology to 
create fully-fledged domain ontologies (with the help of 
human experts)
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•Extraction of Ontology Instances (Populate Ontologies)
•Extraction of ontology instances from semi-structured data or 

unstructured data to populate already existing ontology 
schemata with individuals

•applies technologies from Information Retrieval and Data 
Mining

Ontology Learning Tasks
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•Ontology Integration and Navigation
•Reconstruction of existing knowledge bases and 

navigation in existing knowledge bases,
•as e.g. translation of an existing knowledge base from 

FOL to OWL 2 DL

Ontology Learning Tasks
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Ontology Learning Tasks

•Ontology Update
•Extension, reconstruction and adaption of already existing 

ontologies, as e.g. adation of an ontology to a changed domain
•relates to parts of ontologies that have been created in the way 

that they can be changed
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Ontology Learning Tasks

•Ontology Enrichment
•(also Ontology tuning) relates to automated update of smaller 

parts of existing ontologies
•doesn‘t changes concepts and relations, but refines them 

(more precise)
•in difference to ontology update only parts of the ontology are 

considered that usually shouldn‘t be changed
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Ontology Alignment

•Ontologies are not the Reality
•Ontologies are a context-dependent projection (model) of 

the Reality
•Therefore, different ontologies might represent the same (or 

similar) knowledge, as e.g. ontologies might
•reflect different tasks and requirements for applications
•follow different conventions or restrictions
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How Ontologies are Different?

• the same term describes different concepts
• e.g. Author - writer of a book vs. creator of a document

• different terms describe the same concept
• e.g. Author vs. Writer

• different modeling conventions and paradigms
• e.g. intervals vs. points - to describe temporal aspects

• different level of granularity
• e.g. Fiction vs. PoliticalFiction ScienceFiction, 
RomanticFiction, etc. as literary Genres

• different coverage or different point of view
• etc.
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Heterogeneity of  Ontology

•Syntactical Heterogeneity:
•Ontologies are available in different ontology representation languages 

(E.g.: in OWL DL and F-Logic)
•can be resolved on the conceptual level, most times preserving the 

semantics

•Terminological Heterogeneity:
•Naming differences for the identification of entities in different ontologies 

(E.g.: Author vs. Writer)
•Might occur because different (natural) languages are used

•Conceptional (Semantic) Heterogeneity
•Ontologies model the same domain, but in different ways
•Differences might occur in coverage, granularity, perspective, etc.

•Semiotic (Pragmatic) Heterogeneity
•Differences in interpretation of the domain to be modelled by humans 

(difficult)
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Ontology Alignment

Author: Gahan Wilson
Source: Conde Nast
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Ontology Alignment

•Ontologies Alignment or Ontology Matching is the process 
of determining correspondences between ontological concepts

O1

O2

A matching

parameters

resources

A‘

(e.g. weights, thresholds,...)

(e.g. thesauri, common knowledge, rules, ...)

Alignment A‘ is a set 
of correspondencesInput Alignment
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Correspondence

•Given the ontologies O1 and O2, a correspondence among the 
entities e1 and e2 from O1 respectivley O2, is defined as

•with
• id ... a unique identifier of the correspondence
• r ... a relation, as e.g. equivalence (=), more general (⊒,≥), less  

      general (⊑,≤), disjointness(⊥), part-of, etc... 
•n ... a confidence measure (typically in the range of [0,1]) 

       holding for the correspondence between e1 and e2

〈id, e1, e2, r, n〉

•the correspondence〈id,e1,e2,r,n〉asserts that the relation r 
holds between the entities e1 and e2 with confidence n
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Complexity of  Correspondences

•Examples of simple correspondences:

•http://dbpedia.org/resource/George_Orwell = 
http://www.freebase.com/m/034bs

•Author = Writer

•Fiction ≥1.0 ScienceFiction 

•rdfs:label ≥0.9 dc:title
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Complexity of  Correspondences

•Examples of more complex correspondences:

•        speed = velocity × 2.237
0.477 × speed = velocity

•Book(x)∧author(x,y)∧Writer(y) ⇒.85 

writtenBy(x,concat(y.firstname, y.lastname)) 
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Ontology Alignment Example

•Book =1.0 Volume

•id ≥0.9 isbd 

•Person =.9 Human

•name ≥1.0 title

•author =1.0 author

•Science ≤.9 Essay

Jérôme Euzenat, Pavel Shvaiko: Ontology Matching, Springer, 2007, p.48
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Ontology Matching Techniques

•Element-level Ontology Matching Techniques consider 
ontology entities or their instances in isolation from their relations 
with other entites or their instances

•String-Based - matching names or descriptions of entities

•Linguistic-Based - use NLP, lexicons, or domain specific thesauri 
to match words based on linguistic relations (homonymy, synonymy, 
partonymy, etc.), or exploiting morphological properties

•Constrained-Based - take into account internal constraints applied 
to the definitions of entities, as e.g. types, cardinality of properties, 
etc.

•Extensional-Based - use individual representation of classes, i.e. 
classes are considered similar if they share many instances.
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Ontology Matching Techniques

•Structure-level Ontology Matching Techniques consider 
ontology entites or their instances to compare their relations with 
other entites or their instances

•Graph-Based - consider ontologies as labeled graphs, assumption: 
if nodes are similar, then also their neighbors must be similar

•Taxonomy-Based - like graph-based algorithms, but consider only 
specialization/generalization relation

•Method-Based - take into account semantic interpretation of the 
ontologies, assumption: if two entities are the same, then they share 
the same interpretation.

•Data Analysis and Statistics - take a large sample, try to find 
regularities, discrepancies, allows grouping or determining distance 
metrics,...
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Ontology Alignment Process

Schema-Based Matching Techniques70

Structure-LevelElement-Level

Syntactic External Syntactic External Semantic

String-
Based
• Name 

similarity

• Description 
similarity

Language-
Based
• Tokenization

• Lemmati-
zation

• Morphology

Linguistic
Resources
• Lexicons

• Thesauri

Constraint-
Based
• Type 

similarity

• Key 
properties

Alignment
Reuse
• Entire 

schema 
or

• Ontology 
fragments

Upper 
Level
vs
Domain 
specific
Ontolo-
gies

Data 
Analysis 
& 
Statistics
• Frequency

• Distribution

Graph-
Based
• Graph 

homo-
morphism

• Path, 
children,

Taxonomy-
Based
• Taxonomy 

structure

Repository
Of
Structures
• Structure

metadata

Model-
Based
• DL reasoner

• SAT Solver 

Linguistic Internal Relational

Terminological Structural Semantic

Schema-Based Matching Techniques

Extensional

Schema-Based Matching Techniques

Kind of Input

Basic Techniques

Granularity /
Input 
Interpretation

Euzenat, Shvaiko: Ontology Matching, Springer 2007
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Ontology Merging

• is a process, where from two or more start ontologies a new 
ontology is created.

•The new ontology unifies and substitutes the original start 
ontologies.

•Union Approach
The new ontology is the union of all entities of the start 
ontologies, where conflicts arrising from different 
representations of identical concepts must be resolved.

• Intersection Approach (extensional)
The new ontology only consists out of those parts of the start 
ontologies that overlap.
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How to get Data from the Web?

•Data can only be found on the Web, if it is available at some website

Web-Server

JDBC

HTTP
HTML

Browser
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How to get Data from the Web?

•There is a a number of different (proprietary) Web APIs, data exchange 
formats and Mashups on top of that

Database 1

Web
API 1

Web
API 2

Web
API 3

Web
API 4

Database 2 Database 3 Database 4

Mashup
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In the Web today...

• Data is locked up in small data islands 
• Other applications usually cannot acces this data...

Database

Database

Database

Database

Database

Database

Database

Database

Database
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How to get of  Closed Data Islands?

•Apply semantic technologies:

•to publish structured data on the web

•to draw connections from one data source to data from other 
data sources

Database 1 Database 2 Database 3 Database 4

RDF Data RDF Data RDF Data RDF Data

RDF Links

RDF Links

RDF Links
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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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The application of the Linked Data Principles 
leads to a  ,Web of Data‘

  964
 Datasets
  82B  
RDF Triples
808M  
Links
as of April 2014http://lod-cloud.net/versions/2011-09-19/lod-cloud_colored.html
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Development of  the Web of  Data

May 2007
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Nov 2007

Development of  the Web of  Data
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Development of  the Web of  Data
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July 2009

Development of  the Web of  Data
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September 2010           

Development of  the Web of  Data
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September 2011           

Development of  the Web of  Data
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Linked Open Data

■Public Linked Data resources in the Web, licensed as
„Creative Common CC-BY“ 

■ Tim Berners-Lee‘s 5-Star Criteria for Linked Open Data

Available on the web (whatever format) but with an open 
licence, to be Open Data

Available as machine-readable structured data 
(e.g. excel instead of image scan of a table)

as (2) plus non-proprietary format (e.g. CSV instead of excel)

All the above plus: use open standards from W3C 
(RDF and SPARQL) to identify things, so that people can point at 
your stuff

All the above, plus: link your data to other people’s data to 
provide context

★

★ ★

★ ★ ★
★ ★ ★ ★

★ ★ ★ ★ ★
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Linked Open Data
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Linked Data - A Guided Tour...
□ordered by categories
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Media User Generated 
Content41 data sets 

2.568.964.515 RDF Triples
3.05 %

49 data sets 
2.283.111.223 RDF Triples
2.71 %
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Libraries and 
Education

128 data sets 
4.670.049.835 RDF Triples
5.54 %
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Government

Geographic

139 data sets 
38.246.327.678 RDF Triples
45,5 %

46 data sets 
4.830.360.509 RDF Triples
5,73 %
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Life Sciences

Cross-Domain
84 data sets 
9.161.202.967 RDF Triples
10,87 %

92 data sets 
7.370.024.776 RDF Triples
8,75 %



Knowledge Engineering with Semantic Web Technologies, Dr. Harald Sack, Hasso-Plattner-Institut, Universität Potsdam

23

□Semantic Mashups are applications that use linked RDF 
data from various data sources.

□ in difference to interfaces and exchange formats or ordinary 

Web APIs, Linked Data offers the following benefits:

□ a flexible and standardized data format (RDF)
□ standardized access mechanism (http)
□ possibility to put links (RDF-Links) among different data 

sources
» enables navigation
» is supported by search engines (crawler)
» enables expressive search facilities over the crawled 

data and beyond

Semantic Mashups
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The Web of Data enables the use of 
Linked Data Resources on the Web

  964
 Datasets
  82B  
RDF Triples
808M  
Links
as of April 2014http://lod-cloud.net/versions/2011-09-19/lod-cloud_colored.html
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Linked Data Ontologies 
□Ontologies hold the Linked Data Cloud together
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Linked Data Ontologies 

□e.g. OWL
□owl:sameAs connects identical individuals
□owl:equivalentClass connects 

equivalent classes
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7 □e.g. SKOS
□ „Simple Knowledge Organization System“
□based on RDF and RDFS 
□applied for definitions and mappings 

of vocabularies and ontologies
□skos:Concept (classes)
□skos:narrower

□skos:broader

□skos:related

□skos:exactMatch, skos:narrowMatch,
skos:broadMatch, skos:relatedMatch

Linked Data Ontologies 
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□e.g.. umbel (version 1.0, Feb. 2011)
□ „Upper Mapping and Binding Exchange Layer“
□Subset of OpenCyc

as RDF Triples based on 
SKOS and OWL2
□Upper Ontology with 28.000

concepts (skos:Concept)
□46.000 Mappings into

DBpedia, geonames, e.a.
(owl:equivalentClass, rdfs:subClassOf)
□Links to more than 2 Mio Wikipedia

pages

Linked Data Ontologies 
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Linked Data Sources in the Web

□Native publication
□ D2R-Server, OpenLink Virtuoso, Pubby, etc.

□ Implementation of Wrappers around existing applications / APIs
□SIOC Exporter for Wordpress, Drupal, phpBB,...
□RDF Book Mashup (Amazon API, Google Base-API,...)

□Linking Open Data Project
□Semantic Web Education and Outreach W3C working group 
□Catalogue of all known sources of linked data with an open 

source license
» DBPedia, Flickr, Open-Cyc, FOAF, SIOC, GeoNames, ...
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Linked Data Driven Web Applications

□Required Components:
□Local RDF Store

□caching of results 
□permanent storage

□Logic (Controller) and 
User Interface  (=Business Logic)
□ (not LOD specific)

□Data Integration component
□get data directly from LOD-Cloud or 
□ via Semantic Indexer 

□Data Republishing component
□write back application dependent data into the Web of Data

M.Hausenblas: 
Linked Data Applications, DERI Technical Report, 2009
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Linked Data Driven Web Applications

□Access to Linked Data via SPARQL endpoints
□ ...but where do I find SPARQL endpoints?

□W3C: Currently Alive SPARQL Endpoints
http://esw.w3.org/SparqlEndpoints

□SPARQL endpoints are a RESTful Web Services
□HTTP GET Request with SPARQL query
□Result available as 

□ XML, JSON, plaintext (SPARQL Select/Ask)
□RDF/XML, NTriples, Turtle, N3 

(SPARQL Describe/Construct)
□Data format can be determined via HTTP Accept Header 

z.B. Accept: application/sparql-results+json
□ (or via parameters of the SPARQL query) 
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12 □The easiest way is to make use of a suitable library:
□SPARQL Javascript Library

http://www.thefigtrees.net/lee/blog/2006/04/
sparql_calendar_demo_a_sparql.html

□ARC for SPARQL (PHP)
http://arc.semsol.org/

□RAP - RDF API für PHP
http://www4.wiwiss.fu-berlin.de/bizer/rdfapi/index.html

□ Jena/ARQ (Java)
http://jena.sourceforge.net/

□Sesame (Java)
http://www.openrdf.org/

□SPARQL Wrapper (Python)
http://sparql-wrapper.sourceforge.net/

□ ...

Linked Data Driven Web Applications
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The Web of Data enables the use of 

Linked Data Resources on the Web

  964
 Datasets
  82B  
RDF Triples
808M  
Links
as of April 2014http://lod-cloud.net/versions/2011-09-19/lod-cloud_colored.html
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5 □The easiest way is to make use of a suitable library:
□SPARQL Wrapper (Python)

http://sparql-wrapper.sourceforge.net/

□Access to Linked Data via SPARQL endpoints
□ let‘s choose DBpedia  (just for simplicity...)

http://dbpedia.org/sparql 

□ ...now we have to think of a simple example...

Linked Data Driven Web Applications
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□Example Application:

□Build a simple application that looks for today‘s 
birthdays of famous people, as e.g. authors

□Create a list of authors, whose birthday is today 
including some additional information, as e.g.
□Year of Birth
□Short description
□ ...

□Let‘s create a simple (local) web page for the task, 
which can be displayed in the browser

□we use Python and the SPARQL Wrapper library

Linked Data Programming Example
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Linked Data Programming Example
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Linked Data Programming Example
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Linked Data Programming Example
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Linked Data Driven Web Applications

□Alternative: simple example with Jena ARQ and Java:

import com.hp.hpl.jena.query.*;

String service = "..."; // address of the SPARQL endpoint 
String query = "SELECT ..."; // your SPARQL query 
QueryExecution e = QueryExecutionFactory.sparqlService(service, query)

ResultSet results = e.execSelect(); 
while ( results.hasNext() ) {
! ! QuerySolution s = results.nextSolution(); 
! ! // ...
} 

e.close();

□ http://jena.sourceforge.net/
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How do we determine the 
semantics of a word?

Gary Larson‘s - The Far Side - http://www.thefarside.com/



Armstrong
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Astronaut Person

Neil Armstrong

Science Occupation

Employment

is a is a

subClassOf

subClassOf

Named Entity Recognition
„locating and classifying atomic elements...intopredefined categories such as names, persons, organizations, locations, expressions of time,quantities, monetary values, etc.“C.J.Rijsbergen, Information Retrieval (1979) 

Entity Resolution 
„...identifying and linking/grouping different  
manifestations of the same real world object“

also Disambiguation, Record Linkage, Object Identification, etc
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http://dbpedia.org/resource/Neil_Armstrong

„Armstrong was the first man on the Moon.“ Text

Named Entity Resolution

How do I find the right entity?

 Named Entity Resolution

http://dbpedia.org/ontology/Person
Named Entity Recognition

Class

Individual



Pragmatics

Experience

Experience
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Meaning

Symbol Objectstands for

sender

receiver

refers tosymbolizes

Concept

Armstrong

Ogden, Richards: The Meaning of Meaning: 
A Study of the Influence of Language upon Thought and of the Science of Symbolism (1923)

http://commons.wikimedia.org/wiki/User:McSmit

Context



Armstrong landed the Eagle on the Moon.

Determine all possible Entity Mapping Candidates

• linguistic analysis (POS tagging)
• normalization
• encoding and spelling
• special (language dependent) characters
• language dependent spellings
• abbreviations, acronyms
• type dependent spellings
• alternative names and synonyms
• fuzzy string mapping
• ...



Armstrong landed the Eagle on the Moon.

Determine all possible Entity Mapping Candidates

Armstrong, Florida

Armstrong, Ontario

Armstrong County, Texas

Armstrong Tunnel

Louis Armstrong

Armstrong Tools

Armstrong (moon crater)

Armstrong (car)

The Armstrongs

Craig Armstrong

Anton Armstrong

Edward Armstrong

Gary Armstrong

George Armstrong

The Armstrong Twins

Ian Armstrong

+ 400 more...

Neil Armstrong

Armstrong Bridge

Lance Armstrong

Armstrong, Ontario



Armstrong

George Armstrong Custer

Neil Armstrong

The Armstrong Twins

Armstrong, Florida

Armstrong, Ontario

Armstrong Automobile

Joe Armstrong

Armstrong County, Texass

Armstrong Gun

Craig Armstrong

Armstrong (Moon Crater)

Louis Armstrong

Armstrong Tunnel

Louis Armstrong International Airport

Armstrong‘s Theorem

Sir Thomas Armstrong

Ian Armstrong

Eagle Moon

Eagle (Bird)

Eagle (heraldry)

USCGC Eagle

The Eagle (2011 film)

Eagle (song)

John H. Eagle
Eagle (typeface)

Eagle Falls (Washington)

Eagle (Moon Crater)

Eagle (comic)

Eagle (lunar module)

Eagle TV

Armstrong Tunnel

The Eagle (Pub)

War Eagle

The Eagle (newspaper)

Eagle (racehorse)

Angela Eagle
Linda Eagle

James Philipp Eagle

95 entities448 entities

Armstrong (British Columbia)
Karen Armstrong 

Curtis Armstrong 

Gillian Armstrong 
Hilary Armstrong 

William L. Armstrong 

156 entities

Man on the Moon (film)

Moon (song)

Moon Son-Ri

C Moon

The Moon (Tarot card)

Edgar Moon

Moon OS

Moon (Band)

Moon

Moon 44

Man on the Moon (soundtrack)

William Moon

Lottie Moon

Mr. Moon (song)

Man on the Moon (musical)

Darvin Moon

Moon 83

Francis Moon
Gary Moon

Robert Charles Moon

Black Moon

Allan Moon

Ban-Ki Moon

Fly me to the Moon (song)

Semantic Analysis
Named Entity Resolution

„Armstrong landed the Eagle on the Moon.“

Consider all entities within the same context



Select matching entities from all possible candidate entities: 
• Popularity based strategies
• Linguistical strategies
• Statistical strategies
• Semantic based strategies

General Approach

1. Make an assumption 
2. Do the strategies support or contradict your assumption
3. Make decision according to logical and probabilistic rules/constraints

 N. Ludwig, H. Sack, “Named entity recognition for user-generated tags,TIR 2011

• reference text corpus
(wikipedia)

• link graph (wikipedia)
• semantic graph

(dbpedia)

Entity Selection Process

Semantic Analysis
Named Entity Resolution



Consider all entities within the same context

Armstrong landed the Eagle on the Moon.



Consider all entities within the same context

Armstrong landed the Eagle on the Moon.



Armstrong

George Armstrong Custer

The Armstrong Twins

Armstrong, Florida

Armstrong, Ontario

Armstrong Automobile

Joe Armstrong

Armstrong County, Texass

Armstrong Gun

Craig Armstrong

Armstrong (Moon Crater)

Armstrong Tunnel

Louis Armstrong International Airport

Armstrong‘s Theorem

Sir Thomas Armstrong

Ian Armstrong

Eagle Moon

Eagle (Bird)

Eagle (heraldry)

USCGC Eagle

The Eagle (2011 film)

Eagle (song)

John H. Eagle
Eagle (typeface)

Eagle Falls (Washington)

Eagle (Moon Crater)

Eagle (comic)

Eagle TV

Armstrong Tunnel

The Eagle (Pub)

War Eagle

The Eagle (newspaper)

Eagle (racehorse)

Angela Eagle
Linda Eagle

James Philipp Eagle

95 entities448 entities

Armstrong (British Columbia)
Karen Armstrong 

Curtis Armstrong 

Gillian Armstrong 
Hilary Armstrong 

William L. Armstrong 

156 entities

Man on the Moon (film)

Moon (song)

Moon Son-Ri

C Moon

The Moon (Tarot card)

Edgar Moon

Moon OS

Moon (Band)

Moon 44

Man on the Moon (soundtrack)

William Moon

Lottie Moon

Mr. Moon (song)

Man on the Moon (musical)

Darvin Moon

Moon 83

Francis Moon
Gary Moon

Robert Charles Moon

Black Moon

Allan Moon

Ban-Ki Moon

Neil Armstrong

Eagle (lunar module)

Moon

Louis Armstrong

Fly me to the Moon (song)

N. Steinmetz, H.Sack: Semantic Multimedia Information Retrieval Based on Contextual Descriptions, 2013

Entity Selection Process
(Semantic) Graph Analysis

Armstrong landed the Eagle on the Moon.



Armstrong landed the Eagle on the Moon.

http://dbpedia.org/resource/Neil_Armstrong

http://dbpedia.org/resource/Apollo_Lunar_Module

http://dbpedia.org/resource/Moon
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Searching...
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Semantic metadata enable improvement of traditional keyword-
based search and retrieval by
(1) Query String Extension/Refinement

enables more precise or more complete search results

(2) Cross Referencing
enables to complement search results with additional associated or 
similar information

(3) Exploratory Search 
enables visualization and navigation of the search space 

(4) Reasoning
enables to complement search results with implicitly given 
information

(5) etc.

Semantic Search
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Semantic Search
Cross Referencing

• Provide search results that do not literally contain the query 
string but are closely related to the query by content

• Apply domain ontologies for determining related concepts

• Appy statistical analysis of large (text) document 
corpora

dbpedia:Neil_Armstrong

dbpedia:Apollo_11

dbprop:mission

Neil Armstrong
NER

dbprop:mission

dbprop:mission

query string

dbpedia:Buzz_Aldrin

dbpedia:Michael_Collins
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Semantic Search
Exploratory Search

• Provide additional search results that do not necessarely contain 
the query string but are related to the query by content or also 
are related to the search results achieved by the direct 
query
• Apply domain ontologies and heuristics to determine the 

relevance of facts

95

dbpedia:Apollo_11

category:Apollo_program

dbpedia:Apollo_13

dcterms:subject

yago:Space_accidents_and_incidents

rdf:type

rdf:type

dbpedia-owl:mission

dbpedia:Neil_Armstrong

dbpedia:Space_Shuttle_Challenger

dcterms:subject
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Exploratory Search
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I‘m looking for the book „Brave New World“ by 
Aldous Huxley in the first German edition...

Brave New World. - Aldous H U X L E Y. 

- The Albatros Continental Library, 47 

(Hamburg usw., Albatros Verlag, 1933) 

257 S. 8“

II 1, 2506, 34548
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I really liked „Brave New World“ by Aldous Huxley 
but how should I find what to read next...?
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Exploratory Search
• What, if the user does not know, which query string to use?

• What, if the user is looking for complex answers ?
• What, if the user does not know the domain he/she is looking for?

• What, if the user wants to know all(!) about a specific topic?

• ...,Browsing‘ instead of ,Searching‘
• ...to find something by chance, i.e. Serendipity
• ...to get an overview
• ...enable content based navigation
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Gather knowledge about dbpedia:Brave_New_World
and decide, which interesting fact to follow....

http://dbpedia.org/page/Brave_New_World

Enable Exploratory Search based on Linked Open Data
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dbpedia:Brave_New_World

dbpedia-owl:author

dbpedia:Aldous_Huxley

db
pe
di
a-
ow
l:a
ut
ho
r

dbp
edi
a-o
wl:
aut
hor

dbpedia-owl:author

Explorative Search
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dbpedia:Brave_New_World

dbpedia-owl:author

dbpedia:Aldous_Huxley

db
pe
di
a:
on
to
lo
gy
/in
flu
en
ce
s

dbpedia:H._G._Wells

dbp
edi
a:o
nto
log
y/in
flue
nce
s

dbpedia:George_Orwell

dbpedia:ontology/influences

dbpedia:Michel_Houellebecq

Explorative Search
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dbpedia:H._G._Wells dbpedia:George_Orwell dbpedia:Michel_Houellebecq

dbpedia-owl:notableWork

dbpedia:Les_Particules_élémentaires

dbpedia-owl:notableWork

dbpedia:Nineteen_Eighty-Four

dbpedia-owl:notableWork

dbpedia:The_Time_Machine
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dbpedia-owl:author

dbpedia:Aldous_Huxley

                      ...and now please surprise me

dbpedia:Tim_Berners-Leerdf:type

dbpedia:World_Wide_Web

dbpprop:inventor

Yago:EnglishExpatriatesInTheUnitedStates

rdf:type

rdf:type

dbpedia:Patrick_Stewart

dbpedia:Star_Trek:_The_Next_Generation

dbpedia-owl:starring
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Exploratory Search and Serendipity

•Find something unexpected that you were not 
looking for on purpose ...

17

dbpedia:Buzz_Aldrin

dbpedia:Cookie_Monster

dbpedia:Strictly_Come_Dancing

dbpedia:Transformers
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