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1. Semantic Databases
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Sharing Data
Three important elements when sharing data

 Example: Kickstarter Datasets [1]
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Sharing Data
Three important elements when sharing data

 Example: Kickstarter Datasets [1]

1. The data
➢ CSV export of a relational database

2. The structure
➢ SQL Dump of a relational database
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Description of Campaigns table

Description of Categories table
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Sharing Data
Three important elements when sharing data

 Example: Kickstarter Datasets [1]

1. The data
➢ CSV export of a relational database

2. The structure
➢SQL Dump of a relational database

3. The semantic
➢ Meaning of the fields
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Purpose of Semantic Information
➢ Specify and communicate the meaning of data.

➢ Share data between systems more easily.

➢ Faciliate interoperability between machine and human.
➢ This supposes that the semantic is comunicated in both machine- and human-readable format

➢ Derive implicit knowledge from the dataset by using a reasoner.
➢ E.g. project is successful iff goal ≤ pledged
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Extensible Markup Language (XML)
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Extensible Markup Language (XML)
➢ XML is a markup language, a language used to anotate data

➢ XML is used to provide semantic information

➢ An XML document has a tree structure
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Gabriel Garcia Marquez, Love in the Time of Cholera

Figure source: [2]



XML Databases
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Example: The New York Philharmonic archive [3]

https://raw.githubusercontent.com/nyphilarchive/PerformanceHistory/
main/Programs/xml/1842-43_TO_1910-11.xml

Figure source: [2]

https://raw.githubusercontent.com/nyphilarchive/PerformanceHistory/main/Programs/xml/1842-43_TO_1910-11.xml
https://raw.githubusercontent.com/nyphilarchive/PerformanceHistory/main/Programs/xml/1842-43_TO_1910-11.xml


XML Databases
An XML database

➢ is structured as a tree

➢ is harder to indexed than a relational database…

➢ …but it supports richer searching

➢ can be shared directly, at the end of an URL

12



Validity in XML

An XML document may be

➢ well-formed: it follows the syntactic rules for the language
Example: XML documents must contain one root element that is the parent of 
all other elements [4]

➢ valid: it is well-formed and it follows a certain set of rules 
that specify the meaning

Example: each program element must contains an id element and may 
contain a concertInfo element

Rules for the meaning are spelled out using an XML schema
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XML Schemata
➢ An XML schema is a set of rules to determine whether an XML document is valid

Example: schema published by the Text Encoding Initiative (TEI) [5]

➢ An XML document will refered to the XML schema against which it must be checked

➢ The schema will be selected depending on our needs
Example: TEI schema is marking up texts in humanities, social sciences, and linguistics

➢There are various languages for specifying schemata
▪ Document Type Definition (DTD). The original language schema. Universally supported but limited.

▪ XML Schema Definition (XSD). More powerful and complex than DTD. Also well supported.

▪ Relax NG. Focus on simplicity and flexibility. Use some compact non-XML syntaxes for definitions.

▪ Schematron. Allows for highly complex assertions.

14



XML Schemata
➢ What elements (e.g. <program>) are used?
➢What can and must they contain?
➢ What data?

➢ What elements?

➢ In what order?

➢ What attributes (e.g. <program type= >) are used?
➢With which elements?

➢ What structures are equivalent?

➢What structures are mutually exclusive?
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Purposes of XML Schemata
➢ Check that an XML file is valid, enforce constraints.

➢Encode the structure of a particular document, so it can be manipulated by a program.

➢ Support programming, e.g. autogenerating the definition of a C++ class.

➢ Support machine reasoning.
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2. The Semantic Web
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The Semantic Web
➢ The World Wide Web is a network of documents (webpages)

➢The Semantic Web is a network of data
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Resource Description Framework (RDF)
➢ The RDF is a model for representing interconnected data.

➢ The model uses triples of the form <subject, predicate, object>

➢ A triple can be represented as a directed graph.

➢ We have a graph structure, not a tree.
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Linking data using RDF
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➢ We represent things by using URIs

➢ The URI acts as an unique identifier for the thing

In an RDF triple:

➢ The subject and the predicate must be an URI

➢ The object can be an URI or a literal (string, integer, etc.)

Examples: 

➢ https://www.wikidata.org/wiki/Q7548

➢ http://www.w3.org/2000/01/rdf-schema#label

https://www.wikidata.org/wiki/Q7548
http://www.w3.org/2000/01/rdf-schema#label


Uniform Resource Identifier (URI)
➢ An URI is a string of character that uniquely identify a ressource

➢ URIs have a generic syntax [6]

➢URLs are URIs providing the means to access a resource over a network

➢ Accessing the information identified by an URI is called dereferencing

➢ If the URI is an URL, dereferencing will be done using HTTP (e.g. via a web browser)
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Some examples URIs [7]



Querying the Semantic Web
➢ The Semantic Web is hard to query because it is decentralized.

➢ Solution: caching.

➢ The cache will be a triplestore: a graph database storing RDF triples. 

➢The language used for the building the query is SPARQL (syntactically similar to SQL).
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3. Ontologies
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Ontologies
➢ Ontologies are the way syntax and semantic are shared on the Semantic Web.

➢ Thus, ontologies are to the Semantic Web what XML schemata are to semantic databases.

There are two main ways to specify ontologies

➢ RDF Schema (RDF-S). Uses a basic vocabulary including Class, Property,type, etc.

➢ Web Ontology Language (OWL). A superset of RDF-S, with add some useful features.
➢ Constraints, e.g. to ensure two classes are disjoints

➢ ObjectProperty, which connects entities, e.g. Deimos orbits Mars

➢ DataProperty, which connects entity to data, e.g. Deimos has mass 1.48±0.04 exagram

➢ sameAs, to specify that two entities are identical 
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OWL Features
➢ Constraints. Ensure that two classes are disjoints, that a property has the correct range, etc.

➢ Object Properties. Connects entities. URIs on both sides. 
➢ Deimos orbits Mars

➢ Data Properties. Connects entity to data. Subject is URI, Object is literal.
➢Deimos has mass 1.48±0.04 exagram

➢Same as. Specify equivalence between entities
➢ https://orcid.org/0000-0003-1279-3709 sameAs https://www.wikidata.org/wiki/Q80

➢Inverse of. Specify that a predicate is the inverse of another.
➢ https://www.wikidata.org/wiki/Property:P397 isInverseOf https://www.wikidata.org/wiki/Property:P398

➢Open World Assumption. The absence of a statement does not mean that the statement is false.
➢ The fact that an ontlogy does not states ‘Deimos orbits Jupiter’ does not imply that this statement is false.
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Tips for Designing Ontologies
➢ Using existing ontologies whether possible.

➢ Combine effort with other if possible.

➢ Test with real data, workshop specific scenarios.

➢ Do not add details you don’t need immediately. It is always possible to add something later.

➢ Use multiple viewpoints.

➢ Draw a lot.

➢Ontologies will typically be public (as part of the Semantic Web), so others may use them.

➢ Designing an ontology requires more nuances and ‘nose’ than for a relational database.

26



References
[1] Nicerobot. (2023). Kickstarter Datasets. Web Scraping Service. https://webrobots.io/kickstarter-datasets/

[2] David Lewis (2022). Database and Advanced Data Technique [course material]. https://www.coursera.org/degrees/bachelor-
of-science-computer-science-london/in-progress 

[3] New York Philharmonic (2024). New York Philharmonic | Open Data. https://archives.nyphil.org/index.php/open-data

[4] W3Schools. (2024). XML Syntax. https://www.w3schools.com/xml/xml_syntax.asp

[5] TEI Consortium. (2024). TEI: Text Encoding Initiative. https://tei-c.org/

[6] Berners-Lee, T., Fielding, R. T., & Masinter, L. M. (2005). Uniform Resource Identifier (URI): Generic Syntax (Request for 
Comments RFC 3986). Internet Engineering Task Force. https://doi.org/10.17487/RFC3986

[7] Uniform Resource Identifier. (2024). In Wikipedia. 
https://en.wikipedia.org/w/index.php?title=Uniform_Resource_Identifier&oldid=1213052178

27

https://webrobots.io/kickstarter-datasets/
https://www.coursera.org/degrees/bachelor-of-science-computer-science-london/in-progress
https://www.coursera.org/degrees/bachelor-of-science-computer-science-london/in-progress
https://archives.nyphil.org/index.php/open-data
https://www.w3schools.com/xml/xml_syntax.asp
https://tei-c.org/
https://doi.org/10.17487/RFC3986
https://en.wikipedia.org/w/index.php?title=Uniform_Resource_Identifier&oldid=1213052178


E

Questions ?
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