
The Semantic Web Vision
After all, what is the Semantic Web?



The World Wide Web

• The World Wide Web changed the ways 
knowledge and information are shared

• The technology affected society, with major 
impact in the organisation of work as well as 
entertainment. 

• From this point of view, the World Wide Web 
has been a success supported mostly in the 
existence of amazing search engines.

• The uncontrolled exponential growth of the 
Web brought new challenges...
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Web 1.0 and 2.0 jargon
• Web 1.0

- A huge portal of documents, in which information 
can be retrieved

- Directories
- Too static and read-only

• Web 2.0
- The social web
- Document (and information) sharing
- Collaboration
- User-centred



Daily use of the WWW
• Lots of information, small precision
• None or little knowledge (and a lot is 

implicit!)
• Search engines very susceptible to the 

vocabulary and language, and keyword based
• Information is dispersed and not related
• Big difficulty in finding information contained 

in databases and multimedia contents
• Extraction of information via “cut-and-paste”
• One needs to read and know the context



Web of Documents
• Most of today’s Web content is designed and 

appropriate for human consumption 
• Even Web content that is generated 

automatically is usually then processed and 
presented without the original structural 
information (e.g. from databases)

• Typical Web usage of today needs people
- for seeking and making use of information,
- searching for and getting in touch with other people,
- reviewing catalogues of online stores and ordering 

products by filling out forms, …

• A Web in machines, for humans’ usage



Planning a trip



Planning a trip
• One has to consult several sites, 

with different styles, purposes, 
languages, ...

• Mentally integrate the data and 
understand it

• Apply personal preferences

• How could we do a program to 
perform such a task?

• Note that those pages most likely 
are already based in structured 
data, but one can’t access it (easily)



Querying the Web
• Search engines are great!

- for keyword search
- improving its “understanding” capabilities for more 

complex natural language queries

• What if we want to make more elaborate 
queries?

- Similar to what you may do in databases.

• What about very specialised queries?
- E.g. in specific domains (e.g. protein structures)
- Again similar to those to databases.
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A Web of Data

• What we need is a Web of (raw) Data
• Use the linked data in the same way we do 

with linked documents
- be able to link data independently of presentation
- use the data to query it, present it, mine it
- have data in a machine processable format



A Semantic Web of Data
• In the Web, such data must be accompanied 

by its meaning.
• The meaning of Web pages is not readily 

machine-accessible: lack of semantics 
• It is difficult to distinguish the meaning 

between these two sentences:
- I am a professor of computer science.
- I am a professor of computer science, you may think. 

Well, . . .

• Natural language processing cannot be the 
answer in such a huge scale



The Syntactic Web

• The Web is a set of resources 
and links (relationships)

• Resources are identified by 
URLs

• There is little information for 
automated processing 
(keywords, plain text)

• The meaning of the links is 
contextual (it depends on the 
included Web Page)



The Semantic Web Vision

“I have a dream for the Web [in which 
computers] become capable of analyzing 
all the data on the Web – the content, 
links, and transactions between people 
and computers. A ‘Semantic Web’, which 
should make this possible, has yet to 
emerge, but when it does, the day-to-day 
mechanisms of trade, bureaucracy and 
our daily lives will be handled by 
machines talking to machines. The 
‘intelligent agents’ people have touted for 
ages will finally materialize.”

Tim Berners-Lee, 1999



The Semantic Web
• The Web is still a set of 

resources and links 
(relationships)

• Resources and  relationships 
are identified by URIs

• Resources are strongly typed
• Transparent to the user
• Machine understandable
• Ontologies defining the 

meaning



The Semantic Web Approach
• Represent Web content in a form that is more 

easily machine-processable.
• Use intelligent techniques to take advantage of 

these representations. 
• The Semantic Web will gradually evolve out of 

the existing Web
- It is not a competition to the current WWW (like Web 

2.0 was not a competitor to Web 1.0)

• A Web in machines, for humans and machines 
usage

• Evolving into a Web of Data



Semantic Web definitions

• "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." - Tim Berners-Lee, James 
Hendler, Ora Lassila, The Semantic Web, 
Scientific American, May 2001 

• "Now, miraculously, we have the Web. For the 
documents in our lives, everything is simple and 
smooth. But for data, we are still pre-Web." - Tim 
Berners-Lee, Business Model for the Semantic 
Web

http://www.scientificamerican.com/article.cfm?articleID=00048144-10D2-1C70-84A9809EC588EF21&catID=2


Semantic Web definitions

• The Semantic Web provides a common framework 
that allows data to be shared and reused across 
application, enterprise, and community 
boundaries. It is a collaborative effort led by W3C 
with participation from a large number of 
researchers and industrial partners. It is based on 
the Resource Description Framework (RDF), which 
integrates a variety of applications using XML for 
syntax and URIs for naming. - In w3c.org



An example of integration
• Consider the following data(base) on a 

bookstore, to be published in a Web page



Data Integration Example
• Besides publishing the data on a nice Web 

page, also export data as relations
- Relations form a graph, where nodes refer to either 

data or identifiers (URI)



Data Integration Example
• Data in another bookstore:



Data Integration Example



Data Integration Example



Data Integration Example

• What if we had additional knowledge?
• E.g

- we could know that a:author is the same as f:auteur
- We could know that in both cases they represent 

persons

• In other words, we could have
- ontologies describing the concepts and relations
- mappings of our relations into the ontologies



Data Integration Example



Data Integration Example

• With this merged information, richer queries 
are possible:

- The second bookstore can query what is the web 
page of the author of the book

- Possibly can ask about other information on the 
author, or translator via foaf

- The first bookstore can query information about the 
translator

- …



A Web of Data Example



Automatic data integration
• This process of merging knowledge is done easily by 

users in the Web
• For doing it automatically, some more rigour was needed

- Have data structured in the web
- Name relations in a standard manner
- Have ontologies for describing general concepts
- Refer to the ontologies when exporting relations

• The Semantic Web provides technologies to make all this 
possible

- For structuring data; defining relations; defining ontologies; 
querying data; reasoning over data; …



Semantic Web Principles

• Everything which is identifiable is in the 
Semantic Web

- All resources are identifiable 
- Real world’s people, places and objects will have a 

“representation” in the Web identified by Uniform 
Resource Identifiers (URIs)

- URIs ease  integration, participation, and 
contextualisation in the Semantic Web



Semantic Web Principles

• Information in the Semantic Web is partial
- The (Semantic) Web is unlimited. 

- Everyone can say anything about something
- There will always exist something new to be 

discovered/indexed
- Unlike in databases, here the lack of some piece of 

information does not mean that the information is 
false (no Closed World Assumption)



Semantic Web Principles

• There should be support for evolution
- The Semantic Web should allow information and 

knowledge of independent communities to be 
effectively combined.

- Allow the addition of new information without the 
need for updating old information. 

- Provide mechanisms to solve ambiguities and solve 
inconsistencies.

- The Semantic Web should be based on descriptive 
conventions that grow while human knowledge 
increases.

- The semantics of vocabularies should be defined by 
the communities resorting to W3C technology.



Semantic Web Principles
• The design should be minimalist

- Do not make simple things difficult
- But, at the same time, allow representation of complex 

information. 
- Standardise what is essential; not more!
- More than the sum of parts

• The architecture should be based on existing 
technology

- Common syntax in XML and JSON
- Use ontologies to give meaning to data
- Logic to derive and validate knowledge
- Software agents



The Semantic Web Cake



RDF (Resource Description Framework) 

• RDF is a data model for objects and relations 
between them

- much like the graphs of the integration example

• Set of triples (subject, property, object)
- subject and property are URIs
- object is either a value or a URI

• Plus some standard machine readable formats 
(e.g. RDF/XML)

- and some more details... of course



RDFS (RDF Schema)

• RDFS is a vocabulary description 
language 

- Describes properties and classes of RDF 
resources (defines the terms that can be used)

- Allows for “typing” objects and properties
- Provides semantics for generalisation 

hierarchies of properties and classes

• RDFS already allows for some inference
- e.g class/subclass relations

• Represented in RDF, and available in the 
Web



Beyond RDFS

• In general RDFS is not enough to completely 
characterise the objects and properties

• Users would like to state e.g.
- that two concepts are equivalent, or disjoint, or 

complementary (e.g. author and auter are the same 
concept)

- that some logical relations exist between object (e.g. a 
country must have a capital)

- Value and cardinality restriction (e.g. min and max 
value, etc)

• A richer ontology language is needed



Ontologies

• The term ontology originates from philosophy 
- The study of the nature of existence

• Different meaning in computer science
- An ontology is an explicit and formal specification of a 

conceptualisation

• Ontologies provide a shared understanding of 
a domain: semantic interoperability

- overcome differences in terminology 
- mappings between ontologies



More on ontologies for the SW

• Ontologies are also useful for improving 
accuracy of Web searches 

- search engines can look for pages that refer to a 
precise concept in an ontology

• Web searches can exploit generalisation/
specialisation information 

- If a query fails to find a relevant document, the 
search engine may suggest to the user a more general 
query.

- If too many answers are retrieved, the search engine 
may suggest to the user some specialisation.



OWL (Web Ontology Language)

• A richer ontology language, including
- relations between classes (e.g., disjointness)
- cardinality (e.g. “exactly one”)
- richer typing of properties
- characteristics of properties (e.g., symmetry)
- (and much more)

• It is in fact a Web-like language for a 
Description Logic Language (a fragment of 1st 
Order Logic)



Rules

• Richer statements about data can also be 
expressed

- Declarative rules (like database views)
- Production (Reactive) rules (like triggers)

• RIF - Rule Interchange Format



SPARQL (Sparql Protocol And Rdf Query Language)

• A standard language for querying Semantic 
Web data

- Much like SQL is for relational databases

PREFIX  dc:  <http://purl.org/dc/elements/1.1/> 
PREFIX  ns:  <http://example.org/ns#> 
SELECT  ?title ?price WHERE {  
   ?x ns:price ?price . 
   FILTER (?price < 30) . 
   ?x dc:title ?title . }



The Semantic Web at work
• Until recently, the Semantic Web was mainly a 

vision for a future, better, web
• Today it is becoming a reality!

• The Semantic Web can only work if there is 
enough linked web data out there, and enough  
ontologies to go with it

• But the same could have been said about the 
Web, in its beginning

- It could (and did!) only work with enough web 
documents out there 



Linked Open Data Project

• An open initiative project
• “Exposing, sharing, and connecting pieces of 

data, information, and knowledge on the 
Semantic Web using URIs and RDF.”

• Large number of datasets with connections 
between them

• Billions of triples, millions of links!
• See at http://linkeddata.org/

http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Information
http://en.wikipedia.org/wiki/Knowledge
http://en.wikipedia.org/wiki/URI
http://en.wikipedia.org/wiki/Resource_Description_Framework
http://linkeddata.org


Linked Open Data Project

• An open initiative project
• “Exposing, sharing, and connecting pieces of 

data, information, and knowledge on the 
Semantic Web using URIs and RDF.”

• Large number of datasets with connections 
between them

• Billions of triples, millions of links!
• See at http://linkeddata.org/

http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Information
http://en.wikipedia.org/wiki/Knowledge
http://en.wikipedia.org/wiki/URI
http://en.wikipedia.org/wiki/Resource_Description_Framework
http://linkeddata.org


DBpedia

• It is one of the nodes in that Linked Data 
graph

• Includes (up-to-date) raw data extracted from 
wikipedia (infobox)

• Interlinks with other datasets on the linked 
open data
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DBpedia

• It is one of the nodes in that Linked Data 
graph

• Includes (up-to-date) raw data extracted from 
wikipedia (infobox)
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Revisiting Queries
• With this kind of information we can make 

database-like queries to data in the web
• We can query, e.g. inside a program, the Web 

of Data
• Let’s try it (in a SPARQL query web interface)

SELECT ?Pais ?Populacao ?PopulacaoPT
WHERE {
  ?Pais rdf:type <http://dbpedia.org/ontology/Country>.
  ?Pais dbpedia2:populationEstimate ?Populacao.
  <http://dbpedia.org/resource/Portugal> dbpedia2:populationEstimate ?PopulacaoPT .
  FILTER (?Populacao < ?PopulacaoPT) .
}

http://dbpedia.org/snorql/
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Revisiting Queries
• Or restricting to countries in Europe, as 

wanted before
- I.e. What are the countries in Europe with less 

population than Portugal.

SELECT ?Pais ?Populacao
WHERE {
  ?Pais rdf:type <http://dbpedia.org/ontology/Country>.
  ?Pais dbpedia2:populationEstimate ?Populacao.
  ?Pais <http://purl.org/dc/terms/subject>  <http://dbpedia.org/resource/
Category:Countries_in_Europe>.
  <http://dbpedia.org/resource/Portugal> dbpedia2:populationEstimate ?PopulacaoPT .
  FILTER (?Populacao < ?PopulacaoPT) .
}

http://dbpedia.org/snorql/
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Some More Datasets

• PubMed
• GeneOntology
• BBC
• Music Brainz
• US Census Data
• Data.Gov.UK
• US Congress
• ...
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• Development and querying application
- Yagoo
- iSparql
- OpenLink data Explorer; ...

• Application making use of data
- Relation Finder
- DBpedia mobile
- GoPubMed
- TrialX; …

• A lot of prototypes at:
-  http://challenge.semanticweb.org/

Applications are popping up

http://challenge.semanticweb.org/
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Things not called Semantic Web

• Others give different names to things that are 
similar to the Semantic Web

- Facebook’s OpenGraph and OpenGraph Protocol
- Google’s Knowledge Graph
- Oracle’s Spatial and Graph

- Besides Oracle’s Semantic Technologies
- Schema.org
- …



The Semantic Web today
• The Semantic Web is about creating a Web of Data
• This World Wide Web of Data is rapidly becoming a 

reality
• It poses many new challenges for Computer Science

- Management of SW Data (languages, tools, scalable processing, ...)
- Populating the Web of Data (reading the web)
- Dealing with, and building Ontologies
- Reasoning over the Semantic Web
- Reactivity over the Semantic Web
- ...

• It opens lots of opportunities for applications



W3C Data Activity
The W3C Data Activity is the follower of the Semantic Web and 
eGovernment activities
• designed to support the needs of the public and private sector 

organizations working to publish and integrate data across the 
Web

• the primary value of Linked Data, of RDF and related 
technologies, is that these technologies have the Web at their 
“core,” providing a unique means of integrating data at Web scale

• not all applications need the power of Semantic Web technologies 
to achieve data integration

• The Data Activity will contribute to the larger data ecosystem to 
ensure interoperability and ease of application development.

https://www.w3.org/2013/data/


Linked Open Vocabularies (LOV)



W3C Data Activity
Other Interesting sites to visit
- Data Exchange Group
- The RDF Data Cube Vocabulary
- Spatial Data on the Web Working Group (includes also time!)
- Data on the Web Best Practices Recommendation
- Web of Things - Linked Data as the basis for countering 

fragmentation of the IoT
- Big Data Europe
- Big Data for Industry (Boost 4.0)
- Linked Data for data privacy management (SPECIAL)

https://www.w3.org/2017/dxwg/
https://www.w3.org/TR/vocab-data-cube/
https://www.w3.org/TR/vocab-data-cube/
https://www.w3.org/2015/spatial/
https://www.w3.org/2015/spatial/
https://www.w3.org/2015/spatial/
https://www.w3.org/TR/2017/REC-dwbp-20170131/
https://www.w3.org/TR/2017/REC-dwbp-20170131/
https://www.w3.org/WoT/
https://www.w3.org/WoT/
https://www.w3.org/WoT/
http://www.big-data-europe.eu/
http://www.big-data-europe.eu/
http://boost40.eu/
https://www.specialprivacy.eu/
https://www.specialprivacy.eu/


Syllabus (revisited)

• What is the Semantic Web?
• Data Language:

- RDF’s language, model and encodings
- RDFS’s language, semantics and entailment

• Query Language
- SPARQL: syntax, semantics ans translations in 

relational algebra

• Modelling language:
- Ontologies, OWL’s language and reasoning 
- Rules, and their integration with ontologies


