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Textbook

Pascal Hitzler, Markus Krötzsch,
Sebastian Rudolph

Foundations of Semantic Web 
Technologies

Chapman & Hall/CRC, 2010

Choice Magazine Outstanding Academic
Title 2010 (one out of seven in Information
& Computer Science)

http://www.semantic-web-book.org
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Semantic Web journal

• EiCs: Pascal Hitzler
Krzysztof Janowicz

• Funded 2010
• 2017 Impact factor of 2.889, top (with 1.3

distance) of all journals with “Web” in 
the title

• We very much welcome contributions at 
the “rim” of traditional Semantic Web
research – e.g., work which is strongly
inspired by a different field.

• Non-standard (open & transparent)
review process.

• http://www.semantic-web-journal.net/
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Knowledge-based Systems

Domain 
Modeling and 

Data 
Acquisition

Automated 
Reasoning

“Expert Systems” traditionally based on the logic programming 
paradigm.

In the wake of Semantic Web Technologies, Description Logics 
have emerged as alternative dominant paradigm.

Description logics underlie the W3C standard “Web Ontology 
Language” (OWL).
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Description Logics

• Unary and binary predicates only (classes = concepts
properties = roles)

• Conjunction, disjunction, negation and restricted quantifiers to 
form complex class expressions

• SubClass relationships (i.e., implications between complex 
classes)

• Role chains (concatenation of binary predicates)
• Variable bindings are severely restricted.

Result:
• Decidable logics, with complexities known. 
• Variable-free notation.
• Some are P-complete; some are 2NExpTime
• Very efficient reasoners available.
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Semantic Data Models
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Ontology and Knowledge Graph

Schema/types

Data
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RDF Knowledge Graph

RDF uses Web-referencable identifiers. 

E.g., :ag422yt6 expands to a full URI (for Magnus Carlsen).
Under best practices, it even dereferences.
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Ontologies & Knowledge Graphs

Knowledge Graph Schema

RDF Graph Ontology

Labelled Graph Type Logic

Abox Tbox

Facts Logical Theory
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•
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Schema.org

• Collaboratively launched in 2011 by Google, 
Microsoft, Yahoo, Yandex. 
2011: 297 classes, 187 relations
2015: 638 classes, 965 relations

• Simple schema, request to web site providers to
annotate their content with schema.org markup.
Promise: They will make better searches based
on this.

• 2015: 31.3% of Web pages have schema.org 
markup, on average 26 assertions per page.

Ramanathan V. Guha, Dan Brickley, Steve Macbeth:
Schema.org: Evolution of Structured Data on the 
Web. ACM Queue 13(9): 10 (2015)
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Linked Data

A bit older but somewhat more expressive: Linked Data on the Web

Number of Datasets 2017-01-26 1,146
2014-08-30 570
2011-09-19 295 
2010-09-22 203 
2009-07-14 95 
2008-09-18 45 
2007-10-08 25 
2007-05-01 12
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Information as RDF graph

LOTR hasAuthor Tolkien .
Hobbit hasAuthor Tolkien .
LOTR hasCharacter Bilbo .
Hobbit hasCharacter Bilbo .
Tolkien bornIn               SouthAfrica .

LOTR

Hobbit

Tolkien

Bilbo

authorOf

authorOf

hasCharacter

hasCharacter

Orange 
Free State

bornIn
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DBpedia: LOTR page
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Linked Data: Volume
Geoindexed Linked Data – courtesy of Krzysztof Janowicz, 2012

http://stko.geog.ucsb.edu/location_linked_data
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Some Linked Datasets 2014
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Some Linked Datasets 2017

Linking Open Data cloud diagram 2017, 
by Andrejs Abele, John P. McCrae, Paul 
Buitelaar, Anja Jentzsch and Richard 
Cyganiak. http://lod-cloud.net/
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Trees of Life

Domain 
Modeling and 
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Phylogenetic tree: Reconstructed evolutionary history/lines of 
descent using organismal traits etc.

“Phyloreferencing” uses ontological representations and 
automated reasoning for this purpose.
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Semantic Data Management

Domain 
Modeling and 
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Data *management*: SWT promises:

If information is structured *well*, then this significantly reduces 
data management cost (discovery, reuse, repurposing, integration, 
revision).

Use of standards.
Best practices.
Data and ontology quality principles.
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Reasoning for Curation

Domain 
Modeling and 

Data 
Acquisition

Automated 
Reasoning

Reasoning as a tool for Data Management:

Data Curation by identifying e.g. 
– inconsistencies
– violations of schema/model
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Data Science

Data 
Curation

Data 
Analytics

Semantic Web Technologies simplify the data curation part.

• Easier integration of different sources.
• Clearer relationship between data organization and expert 

knowledge (i.e., data easier to understand).
• Easier discovery of relevant data.
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Induced properties

Examples:

• Scene depicted by an image.
• Event detection (from multi- and social media).
• Recommender systems (e.g., in a complex disaster scenario).
• Risk assessment (e.g., indicators for an epidemic).

In most cases, you would like to know much more about what you 
induced.

Data 
Analytics

Statistical
Inferences

“induced 
properties”
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Induced properties

In most cases, you would
like to know much more 
about what you induced.

Two interesting cases:
1) Explanations for the inference.
2) Post-processing by knowledge-based systems.

e.g.,
disaster recommendations

Data 
Analytics

Statistical
Inferences

“induced 
properties”

Automated 
Reasoning

Deductive
Inferences

“Things that follow
by necessity”
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Semantic Data Science Pipeline
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Masataro Asai, Alax Fukunaga

At NeSy’17
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Reasoning on inferred properties

We can hardly ever get this to work seamlessly, 
even in seemingly simple scenarios.

Data 
Analytics 

(enrichment)

Automated 
Reasoning 
(deduction)



July 2017 – NeSy’17, London, UK – Pascal Hitzler 31

Find all publications from MIT

Dataset with publication data           Dataset with affiliation data

Paper

String

String

String

author
author

title

Person

SomeOrganization

affiliatedWith

String

name

String

name
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Automated Alignments

Most systems can do only equivalences.

Moreover, almost all of the performance of current systems is 
based on string similarity metrics.

[Cheatham and Hitzler, ISWC 2013]
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Property subsumption

Detecting property subsumptions is still in infancy.

[Cheatham, Hitzler OM 2014]
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We need mapping rules

Publication

AuthorList

hasAuthorList

Agentfirst

rest

String hasName

Paper

String

String

author

author
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Ontology Acquisition

• How to build a *good* ontology for an application domain?

– If done by humans, it’s a very evolved process.

– Can we support this by inductive inferencing?

• E.g., by extracting structure from texts or data?
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Knowledge base population

Given ontology and (separate) data or text corpora,

create a knowledge graph from the data/text corpus which adheres 
to the ontology as schema.

Add-on: Do it with sufficient quality such that you can meaningfully 
reason over the ontology+knowledge graph afterwards. 
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Potential applications

• Voice control of your phone for all tasks
as a “personal assistant”.

• Health care recommender system.

• Generally, Watson-like systems.
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Thanks!
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