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The Semantic Web Vision

The vision [Tim Berners-Lee et al., The Semantic Web, Scientific American, May 2001]

“The Semantic Web is an extension of the current web in which
information is given well-defined meaning, better enabling
computers and people to work in cooperation.”

The Semantic Web is a global database with semantic
information interpretable by humans and machines enabling
the easy exchange of data.

The Semantic Web is driven by Tim Berners-Lee and the
World Wide Web Consortium (W3C), an international
standardization body for the Web.
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The Semantic Web Cake [W3C, Tim Berners-Lee]
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The Layers of the Cake

Data is identifiable and uniformly encoded
→ URI and Unicode

Data is described in a uniform syntax
→ XML and XMLSchema

Simple relations between data items can be expressed
→ RDF and RDFS

Data semantics is formally defined
→ Ontologies and OWL

Information can be queried, new information can be inferred
→ SPARQL and Logic

Information sources can be verified and are trusted
→ Crypto and Trust

Applications use the provided information and mechanisms
→ Software Agents
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Resource Description Framework (RDF)

RDF is a data-model.

Its basic building block are object-attribute-value triples,
called statements.

The RDF statements form a (directed) graph.

The nodes are resources are the things we talk about.
Examples: Books, lectures, people, places, . . .

The edges are properties that describe a relation between
two resources.
Examples: written by, age, title, . . .
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RDF – Example

My Pizza

My mozarella
piece 1

My tomato
piece 1

“January
22, 2013”

“2345”

John Smith “Exampleville”

“Main
Road 42”

“54321”

ordered by

has address

has zip code

has city

has topping has topping

has order date has order No.
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Ontologies

RDF allows us to talk about relations between individuals.

RDFS and OWL provide a vocabulary to talk about classes
and their relations → ontologies.

Examples:

Instance of An individual is member of some class.
Example: John Smith is a Person.

Hierarchy Every instance of a subclass is also an instance
of the superclass.
Example: Customer is a Person.

Property Restrictions To be a member of a class, an instance
has to fulfill some restrictions.
Example: A vegetarian pizza may not contain a
meaty topping.
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The Pizza Ontology

Thing

Pizza
Pizza

Topping

Meaty Pizza

Salami Pizza

Vegetarian
Pizza

Margherita
Pizza

Vegetable
Topping

Tomato
Topping

Cheese
Topping

Mozarella
Topping

disjointWith

My Pizza Your Pizza My Mozarella

differentFrom

hasTopping

hasTopping

hasTopping

isToppingOf

Schütze & Kessler: Semantic Search 10 / 55



The Semantic Web Semantic Search Keywords Concepts Entities Summary

Logic and OWL

The terms of RDFS/OWL have a fixed semantic
interpretation defined in first-order predicate logics.

It is not up to the application to interpret these terms
→ RDFS makes semantic information machine-accessible.

We can use reasoning methods from predicate logics to infer
new knowledge from the given facts.
Example: If John Smith is a customer, and customer is a
person, John Smith is a person.
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How can Semantic Web Technologies help?

Traditional information retrieval is keyword-based.

No interpretation of the “meaning” of the information.

Problems of this basic approach:

Polysemy (jaguar the cat vs. jaguar the car)
Synonyms (movie vs. film)
Missing information about subclass or part-of relation
(watersport vs. diving, surfing, . . . )
Relations between search terms (“books about recommender
systems” vs. “systems that recommend books”)

This is where Semantic Web technologies can help!
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Semantic Search

Working definition: Semantic Search [HHLV09]

Semantic Search is a process of information access, where one or
several activities can be supported by a set of functionalities
enabled by semantic technologies.

Search engine functionalities: query construction, query
processing, result presentation

Semantic technologies: knowledge extraction, knowledge
representation, reasoning.
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Keyword Index

Apple −→ 1 2 4 11 31 45 173 174

Apricot −→ 1 2 4 5 6 16 57 132 . . .

Banana −→ 2 31 54 101

...︸ ︷︷ ︸ ︸ ︷︷ ︸
dictionary: postings:
keywords document IDs
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Semantic Search on a Keyword Index

Entries in the dictionary are keywords (like in traditional
information retrieval).

Additionally, we have an ontology.

Keywords map to elements in the ontology.

The ontology is used to disambiguate the query, e.g., to select
the right word sense, and to expand the query.

As a result, the mapped concepts and documents containing
the keywords are returned.
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Example: CleverSearch (1)

Word Sense disambiguation using WordNet.

[http://wdok.cs.uni-magdeburg.de/clever-search/]
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Example: CleverSearch (2)

The query is expanded with synonyms and hyponyms (more
specific terms) and a normal Google search with the expanded
query is performed.
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Possible Ways for Query Expansion

The query can be expanded with words/concepts from a
thesaurus (e.g., WordNet):

Synonyms.
More specific concepts.
More general concepts.
Related concepts, e.g., antonyms, meronyms, . . .

The query can be expanded with words/concepts from a
domain ontology:

All of the above.
Concepts that are connected to the query concepts by a
domain property, e.g., add “Milk” to a query about “Coffee”
because it is a possible ingredient, add the author of a book to
the search for the book.

The description of concepts can be used to expand the query.
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A Document as Concepts and Relations

Zucchini Brownies
uploaded by HeinzMueller

Ingredients
2 cups shredded zucchini
1/4 cup milk
1/2 teaspoon vanilla extract

. . .
Directions
* Preheat oven to 350 degrees F
(175 degrees C). Grease and flour a
9x13 inch baking pan.

* . . .

Dessert

HeinzMueller
milk

zucchini

vanilla extract
Recipe

instance of

has author
contains

contains

contains
instance of

A document doesn’t contain keywords, it discusses concepts
that are in a relation with the document.

Concepts serve as as description of the documents for some
known properties, e.g., type of document, author, . . .
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Several Keyword Indices

Use one index for every relation (field) we are interested in.

Possible relations are specified in an ontology.

Relations may depend on the type of document (most
application only support a specific class from a small domain,
e.g., scientific documents, recipes).

“contains”
Apple −→ 1 2 . . .

Apricot −→ 5 7 . . .

“has author”
Heinz Mueller −→ 3 4 . . .

Xi Jiang −→ 5 6 . . .

. . .
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Searching for Concepts and Relations

The user decides what type of results (class in the ontology)
he is looking for.

Properties of this class in the ontology can be used to narrow
down results (“faceted search”, each property is one facet).

The possible values of the facet can be literals or other
concepts, they can be restricted by the user.

The ontology hierarchy relations can be used for inference
(search for companies includes all subclasses/instances).

As a result, documents from the class that match the property
restrictions are returned.
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Example: Yummly Recipe Search

[http://www.yummly.com/recipes]
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Semantic Repository

If we have an ontology to describe the domain, why not use it
to store the documents as well?

The result is a (huge) RDF/OWL graph, we need repositories
designed to deal with this kind of data.

A semantic repository (or triple store) allows for storage,
querying and management of RDF/OWL data (similar to
database systems for relational data).

Well-known implementations are e.g., Sesame
(http://www.openrdf.org/) or Jena
(http://jena.sourceforge.net/).
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Semantic Repository – Example

Document

Recipe Dessert GlutenFreeDish VegetarianDish

Dish

Document
ID 4725853

Heinz Mueller

Dish ID 567543435 Zucchini

. . .
81

rdf:type

rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf rdfs:subClassOf

rdf:type rdf:type rdf:type

describes

has author

contains

has sweetnesshas spiciness contains
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How to Create a Semantic Repository

Several possible ways:

Use semantically annotated data.

Process documents with NLP techniques, e.g., Named Entity
Recognition, Information Extraction, Relation Extraction, . . .

Import or access other existing ontologies / RDF documents,
e.g., DBPedia (http://dbpedia.org), OpenCyc
(http://sw.opencyc.org/), . . .

Create your own ontology / RDF documents.
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Semantically Annotated Data

’’’Nigeria’’’, officially the ’’’Federal Republic

of Nigeria’’’, is a [[Wikipedia:country|country]] in

[[located in::Africa|West Africa]] and the most populous

country on the [[Wikipedia:Africa|African continent]].

Nigeria shares land [[Wikipedia:border|border]]s with the

Republic of [[borders::Benin|Benin]] in the west, ...

Markup to add semantic annotations.

There is software to make the annotation easy, e.g., Semantic
Media Wiki (http://semantic-mediawiki.org/).
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Beyond Document Retrieval

The user is not looking for documents, the user has some
information need we try to answer by returning documents
that may contain the answer.

In a semantic repository, we have formalized knowledge about
the relations between resources with RDF/OWL.

We can directly try to identify the resource (entity) the user is
looking for and return it with all associated information.

This poses new challenges: How to recognize/map entities,
how to rank them, . . .
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Semantic Repository – Entity-centric

Person

Politician

George W Bush

Barbara Anita Bush

Jenna Bush

Laura Bush

“July 6, 1946”

“New Haven”

“January 20, 2001”

“January 20, 2009” Republican ...

“November 25, 1981” ...

rdf:type

rdfs:subClassOf

born on

born in

president from

president to member of party ...

born on ...

married to

has child

has child
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Entity List – Example: SWSE (1)

[http://swse.deri.org/]
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Entity List – Example: SWSE (2)
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Google Knowledge Graph (started 2012)
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User Interaction

Entity-centric search works well for some searches.

In other cases, we would like more expressive searches to take
advantage of the semantics we have.

We need to translate a user query to a formal representation
(e.g., a SPARQL query).

The user can help to disambiguate and correct if necessary.

This has to be done in an interface that does not require the
user to learn a formal language.
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Ontology-based Query Interpretation

User enters query.

The keywords in the query are mapped to ontology elements.

Graph exploration is used to compute possible connections
between the different ontology elements used in the query.

The user can choose the interpretation closest to his intention.

The interpretations are presented in a way that is intuitive for
a user without knowledge about ontologies.
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Example: Ask The Wiki (1)

[http://www.aifb.kit.edu/web/Spezial:ATWSpecialSearch]
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Example: Ask The Wiki (2)
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Example: Ask The Wiki (3)

Schütze & Kessler: Semantic Search 40 / 55



The Semantic Web Semantic Search Keywords Concepts Entities Summary

Natural Language Queries

Queries can be constructed out of a user query in natural
language.

Parsing the queries is a difficult problem – as you all know.
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Example: Evi (1)

[http://www.evi.com]
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Example: Evi (2)

[http://www.evi.com]
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Example: Evi (3)

[http://www.evi.com]
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Example: Evi (4)

[http://www.evi.com]
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Querying as Problem Solving

The core use case of the semantic web is describing a problem
and searching for a solution by inferring one based on
ontological knowledge.

However, actual implementations of such are rare and they are
usually quite simple, e.g.:

Wine Agent
(http://onto.stanford.edu:8080/wino/index.jsp):
The user enters information on the flavors in a dish, and the
system infers from the wine ontology a recommendation for a
wine suitable to complement those flavors.
Pizza Finder
(http://www.co-ode.org/downloads/pizzafinder/):
The user specifies toppings he likes and dislikes on his pizza
and the system infers from the pizza ontology a pizza fulfilling
the restrictions.
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Example: Pizza Finder – Query

[http://www.co-ode.org/downloads/pizzafinder/]
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Example: Pizza Finder – Result

[http://www.co-ode.org/downloads/pizzafinder/]
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Query Construction

Task Definition [HHLV09]

Task: “Assisting the user in the specification of the information
need.”
Result: “A representation of the information need in terms of
primitives of a language supported by the system.”

Augmenting traditional keyword search.
Examples: CleverSearch, Ask The Wiki

Select a class and restrict property values.
Examples: Yummly

Natural language queries.
Examples: Evi

Querying as problem solving.
Examples: Wine Agent, Pizza Finder
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Query Processing

Task Definition [HHLV09]

Task: “Matching the user information need as specified in the user
query against the system resource.”
Result: “A set of documents [or triples] containing the information
that satisfy the user need.”

Query processing on a keyword index with ontology-based
query expansion.
Examples: CleverSearch

Query processing on several keyword indices based on fields
defined by the ontology.
Examples: Yummly?

Query Processing on a Semantic Repository.
Examples: Ask The Wiki, Yummly?, Wine Agent, Pizza
Finder, Evi
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Result Presentation

Task Definition

Task: “Present the search results to the user.”
Result: “A user-friendly, easy to navigate presentation of
information.”

Present a ranked list of documents.
Examples: CleverSearch, Yummly

Present a ranked list of entities and for each entity all known
information about it.
Examples: Wine Agent, Pizza Finder, SWSE

Present a structured table of possible elements fulfilling the
query restrictions (tuple set).
Examples: Ask The Wiki

. . .
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Suggested Reading

Pascal Hitzler, Markus Krötzsch, Sebastian Rudolph and York
Sure. Semantic Web. Grundlagen. Springer textbook, 2008.
(General introduction to semantic web)

Pascal Hitzler, Markus Krötzsch and Sebastian Rudolph.
Foundations of Semantic Web Technologies. Chapman &
Hall/CRC, 2009. (General introduction to semantic web)

Sudhir Agarwal, Stephan Grimm, Peter Haase, Pascal Hitzler,
and Denny Vrandecic. Semantic Search and Information
Integration. Slides for Course Semantic Web Technologies II,
Universität Karlsruhe, SS 2009.
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Specific Literature (1)

Peter Haase, Daniel M. Herzig, Mark Musen and Duc Thanh Tran.
Technical Report: Semantic Wiki Search. Technical Report,
Universität Karlsruhe, 2008.
http://www.aifb.kit.edu/web/Spezial:ATWSpecialSearch

Peter M. Kruse, André Naujoks, Dietmar Rösner and Manuela
Kunze. Clever search: A wordnet based wrapper for internet search
engines. In: Proceedings of the 2nd GermaNet Workshop, 2005.
http://wdok.cs.uni-magdeburg.de/clever-search/

http://www.co-ode.org/downloads/pizzafinder/
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Specific Literature (2)

Aidan Hogan, Andreas Harth, Jürgen Umbrich, Sheila Kinsella, Axel
Polleres and Stefan Decker. Searching and Browsing Linked Data
with SWSE: the Semantic Web Search Engine. In: Journal of Web
Semantics, Volume 9, Issue 4, December 2011.
http://swse.deri.org/

Eric Hsu and Deborah McGuinness. Wine Agent: Semantic Web
Testbed Application. Workshop on Description Logics, 2003.
http://onto.stanford.edu:8080/wino/index.jsp

http://www.yummly.com/blog/about/ (Yummly blog)
http://www.yummly.com/recipes
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