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1. Semantic Databases




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

3. The semantic
» Meaning of the fields

Field Name

backers_count
blurb
category
converted_pledged_amount
country
created_at
creator
currency
deadline
fx_rate

goal
launched_at

name
pledged

Description

Number of backers supporting the campaign

Erief description of the project

Category of the project

Pledged amount converted to USD

Country where the project was launched

Date and time the project was created

Profile of the project creator

Based currency used for the project

Date and time the campaign ends

Exchange rate used to convert from based currency to USD
Funding goal set by the project creator (in the base currency)
Date and time the campaign went live

Title of the project

Current pledged amount (in base currency)


https://webrobots.io/kickstarter-datasets/)

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



Extensible Markup Language (XML)

| User Interface & applications '




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

<quote>
“Very well, I will quote
marry you if you

“Very well, I will marry e
you if you promise not to <vegetable

make me eat eggplant” type="Aubergine">

Gabriel Garcia Marquez, Love in the Time of Cholera </vegetable>" i s

</quote>

Very well, | will marry
you if you promise not
to make me eat

vegetable

Figure source: [2]



XML Databases

Example: The New York Philharmonic archive [3]

Program
c/-4ffb-9fbl-faaedl@bd9dc-0.1</ =2 - _
? Program Program Program
rk Philharmonic«/ —— . .\ = "
Season ConcertInfo Orchestra
s 18? 2-,4 3 > ~ rrrlrifhiwlharrnor}rig/,/
Venue Date Time

 184212-07 ) ( 800PM

- e
https://raw.githubusercontent.com/nyphilarchive /PerformanceHistor ~__Rooms -

main/Programs/xml/1842-43 TO 1910-11.xml

Figure source: [2]
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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




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



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.



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?



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.




2. The Semantic Web




The Semantic Web

» The World Wide Web is a network of documents (webpages)

»The Semantic Web is a network of data

-4f+b-9+bl-faaedl18bd9dc-8.1</

Dimensions—width at 14th Street, widest

* Length 13 mi (21 km)
= Width 2.3 mi (3.7 km)
Highest elevation® 265 ft (81 m)
Population (2020)"

- Total 1,694,250

- Estimate (2022)% 1,586,273

= Density

74781 6/5q mi (28,873 3/km?)

Demonyms Manhattanite[*!
Knickerbocker (historical)

GDpH!

= Total US§780.966 billion (2022) -
2nd by U.S. county; 1st per
capita

Time zone UTC-05:00 (EST)

- Summer (DST)

UTC-04:00 (EDT)

ZIP Code format
Area code

1000, 101300, 10250
212/646/332, 9171

Website

Manhattan Borough
President 2




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.

orbits

Mars
a Planet

Figures source: [2]



Linking data using RDF

» We represent things by using URIs

» The URI acts as an unique identifier for the thing

orbits

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.w3.0org/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]

userinfo host port
1
T 11 1
https://john.doe@www.example.com:123/forum/questions/?tag=networking&order=newest#top
L1 1 I 1 1 1 IL'_I
T T T

T
scheme authority path query fragment

ldap://[20601:db8::7]/c=GB?objectClass?one
1 Il 11 |
T T T
scheme  authority path query

mailto:John.Doe@example. com

scheme path

Some examples URIs [7]

»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)



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.

Vs ©

Figures source: [2]

=

»The language used for the building the query is SPARQL (syntactically similar to SQL).



3. Ontologies




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



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

»0Open 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.


https://orcid.org/0000-0003-1279-3709
https://www.wikidata.org/wiki/Q80
https://www.wikidata.org/wiki/Property:P398
https://www.wikidata.org/wiki/Property:P398

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.
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Questions ?
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