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Data Interoperability and Semantics
Outline
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Numbering systems for computers

It has been debated a lot at the beginning
https://www.youtube.com/watch?v=thrx3SBEpL8 

System Base Digits ex python
Binary 2 0,1 0b"01111011"
Octal 8 0,1,2,3,4,5,6,7 0o"173"
Decimal 10 0,1,2,3,4,5,6,7,8,9 123
Hexadecimal 16 0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F 0x"7B"
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Tips: binary to decimal

https://www.w3resource.com/javascript-exercises/javascript-math-exercise-2.php 
6

Tips: decimal to binary

https://tex.stackexchange.com/questions/96399/how-can-i-illustrate-decimal-to-binary-conversion 

7

Tips: binary to hexadecimal

Binary nibble to hexadecimal digit

Nibble - In computing, a nibble is a four-bit 
aggregation, or half an octet. It is also known as half-byte 
or tetrade. In a networking or telecommunication context, 
the nibble is often called a semi-octet, quadbit, or quartet.

https://www.inchcalculator.com/binary-to-hex-converter/ 
8

Programming 
with binary strings

$ gcc main.c
$ ./a.out
a = 0X65, b = 0x09
a&b = 0X01
a|b = 0X6D
a^b = 0X6C
a << 1 = 0XCA
a >> 1 = 0X32
~a = 0XFFFFFF9A
(a >> 2) & 0x7 = 0X1
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Endianness

https://www.sqlpac.com/fr/documents/sybase-ase-12.5.3-dump-load-cross-platforms.html 

In computing, endianness is the order or 
sequence of bytes of a word of digital data in 
computer memory. Endianness is primarily 
expressed as big-endian (BE) or little-endian (LE).

Acronyms
- LSB - Least significant byte
- MSB - Most significant byte

11

Bit endianness or bit-level endianness

Bit endianness or bit-level endianness refers to the 
transmission order of bits over a serial medium

See course Programming Connected Devices:
- Least significant bit first: used in RS-232, Ethernet, USB… 
- Most significant bit first: used in I²C

https://en.wikipedia.org/wiki/Bit_numbering 

12

Example: WS2812B color leds
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Example: MCF88 LoRa temperature, humidity and pressure sensor payload
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Example: 
MCF88 LoRa sensors

15 16
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C number data types

• char (8 bits) – [0, 255]

• short/int (16 bits) - [-32,767, +32,767] or [0, 65,535] 

• long (32 bits) - [−2,147,483,647, +2,147,483,647] or  [0, 4,294,967,295]

• long long (64 bits)  [−9,223,372,036,854,775,807, +9,223,372,036,854,775,807]  or <<positive>>

• float - IEEE 754 single-precision binary floating-point format (32 bits)
• double - IEEE 754 double-precision binary floating-point format (64 bits)

22

Integer encoding

https://slideplayer.com/slide/5048952/ 

23

IEEE 754 single/double encoding
https://www.geeksforgeeks.org/ieee-standard-754-floating-point-numbers/ 

Simple examples of conversions

24

IEEE 754 single/double encoding

https://www.geeksforgeeks.org/ieee-standard-754-floating-point-numbers/ 

https://www.geeksforgeeks.org/ieee-standard-754-floating-point-numbers/ 
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IEEE 754 single/double/quadruple encoding

https://studylib.net/doc/17671880/ieee-754-standard-representation-of-floating-point-number... 
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Character encoding

— https://en.wikipedia.org/wiki/Character_encoding 

In computing, data storage, and data transmission, character encoding is used to represent a repertoire 
of characters by some kind of encoding system that assigns a number to each character for digital 
representation

28

Let’s focus on the main standards

• ASCII
• UTF-8
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ASCII (7 bits)

You will be given this document in appendix of the written exam !

30https://home.unicode.org/
https://unicode.org/charts/ 

• information technology standard for the consistent encoding, 
representation, and handling of text expressed in most of the world's 
writing systems

• 144,762 characters covering 159 modern and historic scripts, as 
well as symbols, emoji, and non-visual control and formatting codes.

Unicode

31

UTF-8

• Implementation of Unicode on 1-4 bytes (as little as needed)

share of web pages with different encodings
32

Inserting characters

http://hcibib.org/multilingual/badchars.htm 
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Encoding errors

http://hcibib.org/multilingual/badchars.htm 
34

Encoding errors

http://hcibib.org/multilingual/badchars.htm 
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Binary to text encoding

https://datatracker.ietf.org/doc/html/rfc4648
https://www.base64decode.org/ 

• Base64
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Binary to text encoding

https://datatracker.ietf.org/doc/html/rfc4648
https://www.base64decode.org/ 

• Base64

38

Binary to text encoding

https://datatracker.ietf.org/doc/html/rfc4648
https://www.base64decode.org/ 

• Base64
• Base32
• Base16
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Representing Date and Time is not simple

• Leap year / bissextile years
• a calendar year that contains an additional day added to keep the calendar 

year synchronized with the astronomical year or seasonal year.

• Leap seconds
• a one-second adjustment that is occasionally applied to Coordinated Universal 

Time (UTC), to accommodate the difference between precise time 
(International Atomic Time (TAI), as measured by atomic clocks) and imprecise 
observed solar time (UT1), which varies due to irregularities and long-term 
slowdown in the Earth's rotation

• Timezones
• UTC, GMT, CET, CEST, … https://www.timeanddate.com/time/zones/ 
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Unix time stamp

The unix time stamp is a way to track time as 
a running total of seconds. This count starts 
at the Unix Epoch on January 1st, 1970 at 
UTC. Therefore, the unix time stamp is 
merely the number of seconds between a 
particular date and the Unix Epoch.

https://www.epochconverter.com/ 42

Too many formats

43

ISO 8601

https://dev.to/raaynaldo/javascript-datetime-111e 
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XML Schema Datatypes

A datatype is denoted by a IRI 
and has three properties:
• A value space, which is a set of 

values.
• A lexical space, which is a set of 

literals used to denote the 
values.

• A lexical-to-value mapping
• A small collection of functions, 

relations, and procedures 
associated with the datatype.

https://www.w3.org/TR/xmlschema-2/ 

Goal: type elements and attributes in XML

46

            "24"^^xsd:integer

            "true"^^xsd:boolean

"2001-10-26T21:32:52+02:00"^^xsd:string

Anatomy of a XSD literal 

lexical form

47

datatype IRI

@prefix xsd: <http://www.w3.org/2001/XMLSchema#>.
48

xsd:int vs xsd:integer

https://studylib.net/doc/17671880/ieee-754-standard-representation-of-floating-point-number... 

A xsd:int represents a signed 32-bit integer
A xsd:integer is an integer unbounded value
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xsd:float vs xsd:double vs xsd:decimal

https://studylib.net/doc/17671880/ieee-754-standard-representation-of-floating-point-number... 

A xsd:float is patterned after the IEEE single-precision 32-bit floating point 
datatype
(\+|-)?([0-9]+(\.[0-9]*)?|\.[0-9]+)([Ee](\+|-)?[0-9]+)? |(\+|-)?INF|
NaN

A xsd:double is patterned after the IEEE double-precision 64-bit floating 
point datatype
(\+|-)?([0-9]+(\.[0-9]*)?|\.[0-9]+)([Ee](\+|-)?[0-9]+)? |(\+|-)?INF|
NaN

A xsd:integer represents a subset of the real numbers, which can be 
represented by decimal numerals
(\+|-)?([0-9]+(\.[0-9]*)?|\.[0-9]+) ICM – Toolbox Engineering and Interoperability of Software Systems – Course unit on Data Interoperability and Semantics
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Country codes

ISO 3166-1 – Codes for the representation of names of countries and 
their subdivisions – Part 1: Country codes

Example of country codes
Source: https://en.wikipedia.org/wiki/List_of_ISO_3166_country_codes 

52

Language codes
ISO 639 is a standardized nomenclature used to classify languages. Each 
language is assigned a two-letter (639-1) and three-letter (639-2 and 639-3) 
lowercase abbreviation

Example of language names for the most spoken languages
Source: https://en.wikipedia.org/wiki/List_of_ISO_639-1_codes 
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IETF BCP47: Tags for Identifying Languages

Internet Engineering Task Force (IETF) « Best Current Practice » (BCP)

https://developer.mozilla.org/en-US/docs/Web/HTML/Global_attributes/lang 
54

Currency codes
ISO 4217 defines alpha codes and numeric codes for the representation 
of currencies and provides information about the relationships 
between individual currencies and their minor units.

Example of currency codes
Source: https://en.wikipedia.org/wiki/ISO_4217 
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Units of measures: no consensus 

https://en.wikipedia.org/wiki/Category:Encodings 

• BIPM (International Bureau of Weights and Measures)
• ISO/IEC 1000 – ISO/IEC 80000
• VIM (international Vocabulary for Measurements)
• UnitsML
• UCUM (Unified Code for Units of Measure)
• UNECE Recommendation 20
• Sweet
• QUDT
• …



UCUM: Unified Code for Units of Measure
● A code system intended to include all units of 

measures being contemporarily used in 
international science, engineering, and business. 

● Used by international organizations and standards
● No ambiguity possible
● Clear semantics of units
● Con: Problematic custom license

57

([pi]/2).rad.kK4

simple units
exponent

58
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RGB color cube



61Philips hue color space
HSL (for hue, saturation, lightness) 
HSV (for hue, saturation, value; also known as HSB, for hue, saturation, brightness) 
https://en.wikipedia.org/wiki/HSL_and_HSV

62Philips hue color space
HSL (for hue, saturation, lightness) 
HSV (for hue, saturation, value; also known as HSB, for hue, saturation, brightness) 
https://en.wikipedia.org/wiki/HSL_and_HSV

63

HSV  RGB conversion⟷
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File format
standard way that 
information is encoded 
for transfer or storage in 
a computer file

A format is what enables 
an application to 
interpret the raw data 
contained in a file. It is 
the mode of 
representation of these 
data

File formats are marked 
in the extension of the 
file name
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ToC of https://en.wikipedia.org/wiki/List_of_file_formats 

6

Proprietary file formats vs free file formats

Proprietary file format
Data encoding, s.t. one needs the company’s software to decode and interpret it. 
Either the data encoding specification is secret, or restricted through license.
Examples of proprietary file formats

• mp3: open standard, but subject to patents in some countries

• dwg: non documented, AutoCAD

• psd: documented, Adobe Photoshop’s native image format

• rar: partially documented, archive and compression file format owned by Alexander L. Roshal

• zip (newest versions have patented features)

• gif: CompuServe's Graphics Interchange Format, patent expired in 2004

• pdf: open since 2008 ISO 320000-1. Still some features proprietary by Adobe (forms, scripts)

• doc, xls, ppt: formerly closed/undocumented, now Microsoft Open Specification Promise

https://en.wikipedia.org/wiki/Proprietary_format 

7

Open vs unpublished file formats

Open file format
published specification usually maintained by a standards organization.

Linux Information Project: “any format that is published for anyone to read and study but which may or may 
not be encumbered by patents, copyrights or other restrictions on use”

US government: “An open format is one that is platform independent, machine readable, and made available to 
the public without restrictions that would impede the re-use of that information”

FR government:  loi n° 2004-575 du 21 juin 2004 pour « la confiance dans l’économie numérique »: 
« On entend par standard ouvert tout protocole de communication, d’interconnexion ou d’échange et tout 
format de données interopérable et dont les spécifications techniques sont publiques et sans restriction d’accès 
ni de mise en œuvre. »

8
https://www.april.org/en/open-formats
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How to identify a file type ?

Filename extensions
• See https://en.wikipedia.org/wiki/List_of_filename_extensions 

• Look up or browse categories https://www.file-extension.info/ 

• Windows / linux desktops: applications association to filename extension

10

How to identify a file type ?

Filename extensions
• See https://en.wikipedia.org/wiki/List_of_filename_extensions 

• Look up or browse categories https://www.file-extension.info/ 

• Windows / linux desktops: applications association to filename extension

• reason why .htm vs .html ?  the 8.3 filename format

• OS hide the extensions + associate applications 
= creates security issues

11

How to identify a file type ?

File header
may contain metadata about the file and its content

• ex., Exif metadata: image format, size, resolution color space, ...

• ex., AVI header format: https://www.filefix.org/format/avi.html#header 

Character-based documents may be opened in text editors,
and their header interpreted

ex., head of a XML file ex., head of a iCalendar file 
https://en.wikipedia.org/wiki/ICalendar 

ex., Exif metadata
https://en.wikipedia.org/wiki/Exif 

ex., head of a ISO 10303-21 STEP file
https://en.wikipedia.org/wiki/ISO_10303-21 

12

How to identify a file type ?

File’s first bytes: Magic numbers
the first few bytes may be distinctive enough 

Example of file signatures - https://en.wikipedia.org/wiki/List_of_file_signatures 
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How to identify a file type ?

File’s first bytes: Magic numbers
the first few bytes may be distinctive enough 

ex., a file that starts with a Byte Order Mark (BOM) tells the system:
• Highly probable that the text stream is Unicode

• Describes the byte order, or endianness, of the text stream: Big-endian (BE) vs Little-endian (LE)

• Distinguish between Unicode character encoding (UTF-8, UTF-16, UTF-32, ...)

https://en.wikipedia.org/wiki/Byte_order_mark 

14

How to identify a file type ?

Example: the gzip file format starts with:
• a 10-byte header, containing:

• magic number (0x1f8b), 
• the compression method (0x08 for DEFLATE), 
• 1-byte of header flags, 
• a 4-byte timestamp, 
• compression flags and 
• the operating system ID.

• optional extra headers as allowed by the header flags, including the original filename, and a comment field, 

15

How to identify a file type ?

MIME type = Media types 
• managed by Internet Assigned Numbers Authority 

(IANA)

• example: text/html, image/gif, font/woff2, ...

• used by many internet protocols 

• demo with your browser: with the Network tab of the 
developer tools open, see HTTP response headers of 
requests when accessing https://fonts.google.com/

https://www.iana.org/assignments/media-types/media-types.xhtml 16

font/woff2
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font/woff2

Macintosh file type code(s)
Apple Computer, Inc., "Mac OS: File Type and Creator Codes, and File 
Formats", Apple Knowledge Article 55381, June 1993, last accessed 
17/05/2008 
https://web.archive.org/web/20080517021842/http://www.info.apple.com
/kbnum/n55381
 

https://en.wikipedia.org/wiki/Resource_fork#Major_resource_types 

18

font/woff2 Macintosh Universal Type Identifier code
• reverse-DNS naming structure

• public UTIs, and organization-specific UTIs

• multi-heritance

https://developer.apple.com/library/archive/documentation/Miscellaneous/Reference/UTIRef/ 
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Delimiter-separated values
separator character
• comma

Comma-separated values (CSV)
ex: Microsoft Excel csv export1

• semicolon
ex: Microsoft Excel csv export2

• tab
Tab-separated values (TSV)

• colon
ex: Linux   $ cat /etc/passwd

1 unless the decimal point of the locale is a comma (ex., France)
2 when the decimal point of the locale is a comma
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Delimiter-separated values
separator character
records separated by CRLF

optional header file

fields enclosed in double quote

escaping cell character

or

RFC 4180 

22

Delimiter-separated values
• Comparison Java libraries: 

https://github.com/uniVocity/csv-parsers-comparison 
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Extensible Markup Language

• v1.0 in 1998, still extensively used in many verticals
• numerous formats based on XML  (418 registered on IANA)

https://en.wikipedia.org/wiki/List_of_XML_markup_languages
application/atom+xml application/rdf+xml ...

• verbosity, complexity and redundancy
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Extensible Markup Language
Characters and escaping 
• unicode implementations: <?xml version="1.0" encoding="UTF-8"?>
• escaping characters: &lt; ‘<‘ - &amp; ‘&’ - &#x2764; ‘ ’ - etc.❤

Syntactical correctness
• well formed vs ill-formed
• one root tag
• correct nesting
• tag names (approx) start with letter, then alphanumeric or ‘:’
Schemas and validation
• valid vs invalid
• DTD, or XML Schema
Namespaces
• xmlns:ns1="http://example.org/ns1" 

xmlns:ns2="http://example.org/ns2"
• allows to use different schemas together: <ns1:Tag> <ns2:Tag>

26

Extensible Markup Language

Rules of thumb for modelling with XML:
• limit the number of tag types and attribute types!
• use attributes for simple datatypes only
• order of elements is important
• group elements when appropriate
• anticipate how you are going to write XPath queries

27

XML manipulation: Document Object Model (DOM)

W3C DOM api (version 4) - https://dom.spec.whatwg.org/ 28

SAX (Simple API for XML)
XML traversal API

Java API for XML Processing (JAXP) – UML diagram of the API for SAX
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XML – OOP data binding

XML-OOP data binding
ex Java: https://zetcode.com/java/jaxb/

Java Architecture for XML Binding (JAXB) example
https://howtodoinjava.com/jaxb/jaxb-annotations/ 

30

XPath: Declarative tree-traversal language

https://www.w3.org/TR/xpath/
https://cheatography.com/alexsiminiuc/cheat-sheets/xpath/pdf/ 
https://devhints.io/xpath

31

XQuery: Declarative query language

32

XSLT: Declarative transformation language
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JavaScript Object Notation

• since early 2000s. Now used a lot in software development
• many mediatypes based on JSON (118 registered on IANA)

application/geo+json application/ld+json ...
• simple, human-readable
• attribute–value pairs and arrays (or other serializable values)
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JavaScript Object Notation

• since early 2000s. Now used a lot in software development
• many mediatypes based on JSON (118 registered on IANA)

application/geo+json application/ld+json ...
• simple, human-readable
• attribute–value pairs and arrays (or other serializable values)

36

JavaScript Object Notation
Characters and escaping 
• full Unicode character set
• escaping characters \b \f \n \r \t \" \
Data types
• number
• string
• boolean
• array
• object 
• null
Semantics
While JSON provides a syntactic framework for data interchange, unambiguous data 
interchange also requires agreement between producer and consumer on the semantics of 
specific use of the JSON syntax. One example of where such an agreement is necessary is the 
serialization of data types defined by the JavaScript syntax that are not part of the JSON 
standard, e.g., Date, Function, Regular Expression, and “undefined”
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JSON Schema

38

JSONPath: Declarative tree-traversal language

https://goessner.net/articles/JsonPath/ 

Examples:
$.store.book[0].title
$['store']['book'][0]['title']
$.store.book[(@.length-1)].title
$.store.book[?(@.price < 10)].title

39

JSONPath: Declarative tree-traversal language

https://goessner.net/articles/JsonPath/ 
40

APIs for JSON Processing example for java: https://javaee.github.io/jsonp/  
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JSON – OOP data binding

JSON-OOP data binding

JSON
Document Comparison of Java JSON libraries: Jackson vs. 

Gson vs. JSON-B vs. JSON-P vs. org.JSON vs. 
Jsonpath 
https://itsallbinary.com/jackson-vs-gson-vs-json-b-
vs-json-p-vs-org-json-vs-jsonpath-java-json-librari
es-features-comparison/
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.properties files

Mainly for Java-related conf files

Ex: i18n1 and l10n2

• key=value, 

• key = value,

• key:value, 

• key value

1 i18n: internationalization
2 l10n: localization

44

INI files
• Developed for Windows for initialization: 

BOOT.INI, SYSTEM.INI, WIN.INI, …

• Similar in Linux systems with .conf, .cfg, …

• Syntax used by many programs
• php.ini
• ssh.conf
• git.conf
• …

https://en.wikipedia.org/wiki/INI_file 
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TOML files

https://en.wikipedia.org/wiki/TOML 

Tom's Obvious, Minimal Language.
https://toml.io/en/ 

• key = "value" pairs 
• [section names],
• # comments
• Datatypes: 

• String, 
• Integer, 
• Float, 
• Boolean, 
• Datetime, 
• Array, 
• and Table 46

TOML files

https://en.wikipedia.org/wiki/TOML 
https://martin-thoma.com/pyproject-toml/ 

Example:
Python packaging and dependency 
management with Poetry
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YAML Ain’t Markup Language (YAML)

• since early 2000s
• used a lot for software configuration
• human-readable, superset of JSON
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YAML Ain’t Markup Language (YAML)
• Whitespace indentation, tabs forbidden
• end-of-line comments (#)
• lists

• associative arrays

or

50

YAML Ain’t Markup Language (YAML)
• strings

• datatypes

or

51

YAML Ain’t Markup Language (YAML)
• anchors and references

52

YAML Ain’t Markup Language (YAML)
https://yaml.org/refcard.html 
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YAML Ain’t Markup Language (YAML)

54

APIs for YAML Processing

• Tutorial for Java: 
https://www.baeldung.com/java-snake-yaml 

• Package for JavaScript: 
https://www.npmjs.com/package/yaml 

• Module for Python: 
https://pyyaml.org/wiki/PyYAMLDocumentation 
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Compression

A compressed file is an archive that contains one or more file that have been 
reduced in size.
many different file compression types: zip, arc, arj, rar, cab, tar.gz, ...

lossless file compression
reduce redundancy without loosing data
ex. AAABBBBBCC -> A3B5C2

lossy file compression
ok to loose some data
ex. video, audio, images
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How compression works

62

63

+
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https://en.wikipedia.org/wiki/Template:Compression_formats 

66

Image file formats
https://en.wikipedia.org/wiki/Image_file_formats 

67

Raster vs Vector graphics

https://en.wikipedia.org/wiki/BMP_file_format 
68

JPEG
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PNG
W3C REC and ISO/IEC 15948:2003
http://www.w3.org/TR/PNG 

PNG

70

W3C REC and ISO/IEC 15948:2003
http://www.w3.org/TR/PNG 

PNG

71

Modern image file formats: WebP
• WebP lossless images are 26% smaller in size compared to PNGs. 
• WebP lossy images are 25-34% smaller than comparable JPEG 

images at equivalent structural similarity index measure quality 
index.

72

Modern image file formats: AVIF

https://imageengine.io/blog/how-efficient-is-avif/ 
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What is an SVG File Used For and Why Developers Should be Using Them
# Published Jan 19, 2021 - https://deliciousbrains.com/svg-advantages-developers/ 74

Recommendations for images in the browser
https://developer.mozilla.org/en-US/docs/Web/Media/Formats 

Photographs
• AVIF*, WebP, or JPEG

Icons
• SVG, Lossless WebP, or PNG

Screenshots
• Lossless WebP or PNG

Diagrams, drawings, and charts
• SVG, PNG

* I added AVIF here

75

Audio file formats
https://en.wikipedia.org/wiki/Audio_file_format 

76

Video file formats
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Recommendations for audio and video files
https://developer.mozilla.org/en-US/docs/Web/Media/Formats 
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79

3D models

80

3D models

Many file formats

Key features of a 3D file:
• geometry, 
• surface texture,
• scene details,
• animation of the model
• element properties,

https://all3dp.com/2/most-common-3d-file-formats-model/ 
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Shape Geometry

https://all3dp.com/2/most-common-3d-file-formats-model/ 

https://www.digitalpatterning.net/dpblog/how-do-i-know-the-pattern-is-right 

a) Approximate Mesh Encoding
« tesselations »: decompose a surface in 
polygons (usually triangles) 
Good for 3D printing
Files may be huge.

b) Precise Mesh Encoding
Parametric surfaces made of 
control points and knots. Example: 
non-uniform rational basis spline 
(NURBS)
Exact at any resolution
Slow rendering

https://en.wikipedia.org/wiki/Non-uniform_rational_B-spline 

c) Constructive Solid Geometry
Primitive shapes that are combined using 
Boolean operations
Good for CAD

https://en.wikipedia.org/wiki/Constructive_solid_geometry 

82

Surface Textures

https://www.creativebloq.com/3d-tips/find-high-res-textures-1232646 

a) Texture Mapping
every point in the 3D model’s surface (or 
the polygonal mesh) is mapped to a two-
dimensional image.

https://metalbyexample.com/textures-and-samplers/ 

b) Face Attributes
each face of the mesh has a set of attributes
Color, texture, material type, reflection, refraction,…

https://www.blendernation.com/2021/11/05/realistic-glass-shader-in-blender-eevee-tutorial/ 

83

Scene detail
•  layout of the 3D model in terms of cameras, light sources, and other 

nearby 3D models

https://www.creativeshrimp.com/light-texture-tutorial-1-lighting-book.html 84

Animation
• skeletal animation: skeleton + joints

http://www.downloads.redway3d.com/downloads/public/documentation/wf_skeletal_animation.html 

Unified Robot Description Format (URDF) in Visual Studio Code
https://microsoft.github.io/Win-RoS-Landing-Page/hiwin_case_study.html 
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Popular 3D file formats:
STL (“stereolithography”)

https://en.wikipedia.org/wiki/STL_(file_format) 

• Popular for 3D printing
• Triangular mesh, 
• No color information
• ASCII or Binary representation
• Superseded by OBJ, 3MF, AMF, …

86

Popular 3D file formats:
Wavefront OBJ file format

https://en.wikipedia.org/wiki/Wavefront_.obj_file 

• Popular for 3D printing and 3D graphics
• Triangular mesh
• + other kinds of interpolation: Tayolr,  B-splines…
• No animation, no deformation
• Reference to companion file MTL (Material Template Library)

OBJ file open in Microsoft 3D Builder 

https://people.sc.fsu.edu/~jburkardt/data/mtl/mtl.html 

87

Popular 3D file formats:
Autodesk 3DS Max file format

• Autodesk 3D Studio MAX 1996
• Popular for architecture, engineering, education, manufacturing
• geometry, appearance, scene, and animation
• Triangular mesh, total 65536 triangles
• Directional light sources are not supported

https://en.wikipedia.org/wiki/.3ds 

Reference: http://paulbourke.net/dataformats/3ds/ 
Tree structure made of chunks
In binary :
- 6 byte Chunk header:

- 1-2 = chunk ID
- 3-6 = little-endian length of the chunk

- Next bytes: chunk’s data,
including sub-chunks 88

Popular 3D file formats:
ISO 10303-21 STEP-files

https://en.wikipedia.org/wiki/ISO_10303-21 

• Popular for in many engineering domains that rely on CAD
• Mechanical engineering
• AECOO  industry (Architecture, Engineering, Construction, Owner Operator)

• ASCII, not storage-efficient
• Schema defined separately in the EXPRESS data modeling language ISO 10303-11
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Data Interoperability and Semantics
Outline
• < Part 3. Data schemas and semantics >

• Part 3.1. Data schemas
• Part 3.1.1. XML Schema
• Part 3.1.2. JSON Schema

• Part 3.2. Semantics
• Part 3.2.1. Heterogeneities and data conflicts
• Part 3.2.2. Controlled vocabularies and ontologies
• Part 3.2.3. Resource Description Framework
• Part 3.2.4. RDFa: Rich structured data markup for web documents
• Part 3.2.5. JSON-LD: JSON for Linking Data

ICM – Computer Science Major – Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems – Course unit on Data Interoperability and Semantics
Maxime Lefrançois https://maxime-lefrancois.info 
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

ICM – Toolbox Engineering and Interoperability of Software Systems – Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems – Course unit on Data Interoperability and Semantics
Maxime Lefrançois https://maxime-lefrancois.info 
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Data Interoperability
and Semantics

< Part 3. Data schemas and semantics >
Part 3.1. Data schemas

ICM – Toolbox Engineering and Interoperability of Software Systems – Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems – Course unit on Data Interoperability and Semantics
Maxime Lefrançois https://maxime-lefrancois.info 
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Data Interoperability
and Semantics

< Part 3. Data schemas and semantics >
Part 3.1. Data schemas
Part 3.1.1. XML Schema



5

Extensible Markup Language

• v1.0 in 1998, still extensively used in many verticals
• numerous formats based on XML  (418 registered on IANA)

https://en.wikipedia.org/wiki/List_of_XML_markup_languages
application/atom+xml application/rdf+xml ...

• verbosity, complexity and redundancy

reminder

6

Extensible Markup Language
Characters and escaping 
• unicode implementations: <?xml version="1.0" encoding="UTF-8"?>
• escaping characters: &lt; ‘<‘ - &amp; ‘&’ - &#x2764; ‘ ’ - etc.❤

Syntactical correctness
• well formed vs ill-formed
• one root tag
• correct nesting
• tag names (approx) start with letter, then alphanumeric or ‘:’
Schemas and validation
• valid vs invalid
• DTD, or XML Schema
Namespaces
• xmlns:ns1="http://example.org/ns1" 

xmlns:ns2="http://example.org/ns2"
• allows to use different schemas together: <ns1:Tag> <ns2:Tag>

reminder

7

XML – OOP data binding

XML-OOP data binding
ex Java: https://zetcode.com/java/jaxb/

Java Architecture for XML Binding (JAXB) example
https://howtodoinjava.com/jaxb/jaxb-annotations/ 

reminder

8

XML Schema

• Document Type Definition (DTD, 2008)

HTML 5 : no more link to a DTD

link to some .dtd  document

[...]

[...]

[...]
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XML Schema

• Regular Language for XML Next Generation (RELAX NG, 2001) https://relaxng.org/

RELAX NG document Valid XML document

10

XML Schema

• XML Schema (W3C,  2003)
The only one you should use (if you need to)

https://www.w3schools.com/xml/schema_intro.asp

Valid XML document

XML Schema document

11

XML Schema

• Tutorials
• https://www.tutorialspoint.com/xml/xml_schemas.htm
• https://www.w3schools.com/xml/schema_intro.asp
• ...

• What to do with XML Schemas
• validate documents
• generate forms
• generate classes (any OOP language)
• ...

https://www.w3schools.com/xml/schema_intro.asp 12

Multiple XML Schemas ?

• How to combine different XML schemas in a single file?
• Using XML namespaces
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Example: A document with XHTML + MathML + SVG
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15

JavaScript Object Notation
reminder

16

JSON Schema
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JSON – OOP data binding

JSON-OOP data binding

JSON
Document

18

JSON Schema Specification (latest)
 https://json-schema.org/draft/2020-12/json-schema-
validation.html  

19

JSON Schema
Examples: 

• https://json-schema.org/learn/miscellaneous-examples.html 

• https://www.fiware.org/developers/data-models/

• https://oneiota.org/
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22

DEMO: Compare JSON documents

https://samples.openweathermap.org/data/2.5/weather?id=2172797&
appid=b6907d289e10d714a6e88b30761fae22
 
and 
https://www.prevision-meteo.ch/services/json/lausanne 
and 
https://github.com/smart-data-models/dataModel.Weather/blob/mast
er/WeatherForecast/examples/example-normalized.json

23

DEMO: Compare JSON documents

Different modeling choices were made, which make these two services 
completely non-interoperable:
• the lat/long coordinates: string vs number
• the UNIX timestamps vs dates and times
• the choice of keys and the semantics (meaning) of the values
• the units of temperature, pressure, wind speed, …​
• the semantics of wind direction
• the value for "icon": "03n" - (if we follow our nose on the website, we may figure out it refers 

to http://openweathermap.org/img/w/03n.png )
• the country codes ISO 3166-1 ALPHA-2 and ISO 3166-1 ALPHA-3 (example of Australia and 

Austria)

24

Data conflicts

Do HH. (2009) Data Conflicts. In: LIU L., ÖZSU M.T. (eds) Encyclopedia of Database Systems. Springer, 
Boston, MA. https://doi.org/10.1007/978-0-387-39940-9_97

Data conflicts are deviations between data intended to 
capture the same state of a real-world entity. Data with 
conflicts are often called “dirty” data and can mislead 
analysis performed on it.
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26

Controlled vocabularies

—  OECD

… an established list of standardized terminology for use in indexing and retrieval of information

—  Getty institute

… an organized arrangement of words and phrases used to index content and/or retrieve content through 
browsing or searching

—  SCIP

… an standardized – yet dynamic – set of terms and phrases authorized for use in an indexing system to 
describe a subject area or information domain

—  ISO/IEC 15944-5:2008(en)
Information technology — Business Operational View

vocabulary for which the entries, i.e. definition/term pairs, are controlled by a Source Authority based on 
a rulebase and process for addition/deletion of entries

27

Controlled vocabulary, taxonomy, thesaurus, ontology

Kopácsi, Sándor & Hudak, Rastislav & Ganguly, Raman. (2017). Implementation of a Classification Server to Support Metadata Organization for Long Term Preservation Systems. 
Mitteilungen der Vereinigung Österreichischer Bibliothekarinnen und Bibliothekare. 70. 225. 10.31263/voebm.v70i2.1897. 28

Controlled vocabulary, taxonomy, thesaurus, ontology

Roussey, Catherine & Pinet, François & Kang, Myoung-Ah & Corcho, Oscar & Falquet, Gilles & Métral, Claudine & Teller, Jacques & Tweed, Christopher. (2011). 
Ontologies for Interoperability. 10.1007/978-0-85729-724-2_3. 
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SKOS Simple Knowledge Organization System

SKOS Core Guide, W3C Working Draft 2 November 2005, http://www.w3.org/TR/swbp-skos-core-guide 30

Examples of thesauri, taxonomies, …

https://www.eionet.europa.eu/gemet/en/webservices/

https://github.com/nasa/dictionaries 

List at https://www.w3.org/2001/sw/wiki/SKOS/Datasets 

https://project-haystack.org/ 
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Part 3.2.3. Resource Description Framework

32

An RDF Graph
Vertices:

Resources: Things. Uniquely identified by URIs
Literals: Unicode string + Datatype identified by URI. out-degree=0

Edges:
Relationships: connections between vertices. Uniquely identified by URIs

RDF - Resource Description Framework
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CURIE = Compact URIs
@prefix rdf:    

<http://www.w3.org/1999/02/22-rdf-syntax-ns#>.
@prefix rdfs:   

<http://www.w3.org/2000/01/rdf-schema#>.
@prefix foaf:   

<http://xmlns.com/foaf/0.1/>.
@prefix schema: 

<http://schema.org/>.
...

rdfs

34

The Linked Data

It’s possible to use URIs defined in an external graph

 to use a reference identification system
 to augment a graph

anyone can say anything about anything

One can specify vertice co-reference with some special 
edges: owl:sameAs from W3C OWL vocabulary

Linked Open Data cloud visualisation: each node is a RDF dataset. Links indicate the 
existence of external identification links. Source: wikipedia

35

5  OPEN DATA★

https://5stardata.info/en/ 

Tim Berners-Lee, the inventor of the Web and Linked Data initiator, 
suggested a 5-star deployment scheme for Open Data. 

36

Examples of RDF vocabularies & ontologies

Over 10 million sites use Schema.org to 
markup their web pages and email 
messages. Many applications from 
Google, Microsoft, Pinterest, Yandex and 
others already use these vocabularies to 
power rich, extensible experiences.

Founded by Google, Microsoft, Yahoo and Yandex,  2011
Test with https://validator.schema.org/ or https://developers.google.com/search/docs/advanced/structured-data
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Examples of RDF vocabularies & ontologies

Open Graph Protocol https://ogp.me/  (Facebook, 2010), test with https://developers.facebook.com/tools/debug/ 
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Part 3.2. Semantics

Part 3.2.4. RDFa: Rich structured data markup for web documents

39

See RDFa 1.1 Primer - Rich Structured Data Markup for Web Documents 
- https://www.w3.org/TR/rdfa-primer/ 

RDFa Resource Description Framework in Attributes

40

See RDFa 1.1 Primer - Rich Structured Data Markup for Web Documents 
- https://www.w3.org/TR/rdfa-primer/ 

RDFa Resource Description Framework in Attributes

Figure 1: On the left, what browsers see. On the right, what humans see. Can we bridge the 
gap so that browsers see more of what we see?

The Goal



41

See RDFa 1.1 Primer - Rich Structured Data Markup for Web Documents 
- https://www.w3.org/TR/rdfa-primer/ 

RDFa Resource Description Framework in Attributes

Google can extract structured data from e.g., e-commerce websites, and 
“understand” its meaning

The Result
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Part 3.2. Semantics

Part 3.2.5. JSON-LD: JSON for Linking Data

43

JavaScript Object Notation for Linked Data

See JSON-LD 1.1 - A JSON-based Serialization for Linked Data - 
https://www.w3.org/TR/json-ld11/ 

https://json-ld.org/learn.html 
44

JavaScript Object Notation for Linked Data

https://json-ld.org/playground/ 
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JavaScript Object Notation for Linked Data

https://json-ld.org/playground/ 46

JSON-LD and schema.org

47 48

JSON-LD and Google
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JSON-LD and Bing
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Data Interoperability and Semantics
Outline
• < Part 4. The value of data >

• Part 4.1. Value as one of the V’s of Big Data 
• Part 4.2. Data, Information, Knowledge, Metadata, …
• Part 4.3. Interoperability unlocks the value of data
• Part 4.4. Open data generates economic and societal value
• Part 4.5. Machine-actionability of data increases its value
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Part 4. The value of data 
Part 4.1. Value as one of the V’s of Big Data 

4

Orders of magnitude of the total amount of data 
created, captured, copied, and consumed 
globally ?



5

Projected figures 2025 for the total amount of data 
created, captured, copied, and consumed globally

https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/european-data-strategy_en#projected-figures-2025 

https://www.statista.com/statistics/871513/worldwide-data-created/ 

6

Projected figures 2025

https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/european-data-strategy_en#projected-figures-2025 

7

This happens every 
minute of every day, 
according to DOMO 

(Source: Data Never Sleeps 9.0)
https://www.domo.com/learn/infographic/data-never-sleeps-9 

8

The 5 V’s of Big Data ?

https://medium.com/analytics-vidhya/5vs-of-big-data-to-a-non-it-person-c498f8b56c86 
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Part 4.2. Data, Information, Knowledge, Metadata, …

10

The DIKW pyramid (~1982)

https://en.wikipedia.org/wiki/DIKW_pyramid , and chosen definitions 

useless.
symbols or signs, representing stimuli or 
signals, that are "of no use until...in a 
usable (that is, relevant) form
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The DIKW pyramid (~1982)

https://en.wikipedia.org/wiki/DIKW_pyramid , and chosen definitions 

useless.
symbols or signs, representing stimuli or 
signals, that are "of no use until...in a 
usable (that is, relevant) form

useful.
knowledge by description ("information 
is contained in descriptions")
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The DIKW pyramid (~1982)

https://en.wikipedia.org/wiki/DIKW_pyramid , and chosen definitions 

useless.
symbols or signs, representing stimuli or 
signals, that are "of no use until...in a 
usable (that is, relevant) form

useful.
knowledge by description ("information 
is contained in descriptions")

information having been processed, 
organized or structured in some way, or 
else as being applied or put into action
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The DIKW pyramid (~1982)

https://en.wikipedia.org/wiki/DIKW_pyramid , and chosen definitions 

useless.
symbols or signs, representing stimuli or 
signals, that are "of no use until...in a 
usable (that is, relevant) form

useful.
knowledge by description ("information 
is contained in descriptions")

information having been processed, 
organized or structured in some way, or 
else as being applied or put into action

integrated knowledge—
information made super-useful

14

The DIKW pyramid (~1982)

Still... 
we often use

« Data » 
to generalize

15

Definitions on Data
— ISO/IEC20546:2019 (Big data – Overview and vocabulary)

Dataset
Identifiable collection of data available for access or download in one or more formats

Data
Re-interpretable representation of information in a formalized manner suitable for communication, 
interpretation, or processing
Note 1 to entry: Data can be processed by humans or by automatic means.

Metadata
Data about data or data elements, possibly including their data descriptions and data about data ownership, 
access paths, access rights and data volatility

Information
Data that are processed, organised and correlated to produce meaning.
Note 1 to entry: Information concerns facts, concepts, objects, events, ideas, processes, etc.

16

Metadata
• Descriptive metadata – the descriptive information about a resource. 

• For discovery and identification. 
• Ex: title, abstract, author, keywords.

• Structural metadata – containers of data, how compound objects are put together
• Ex, how pages are ordered to form chapters. 
• Ex: types, versions, relationships, and other characteristics of digital materials.

• Administrative metadata – the information to help manage a resource
• Ex: resource type, permissions, time, when and how it was created.  

• Reference metadata – contents and quality 
• For quality assessment of the data
• Ex: conceptual metadata, quality metadata, methodological metadata. 

• Statistical metadata,  also called process data, 
• May describe processes that collect, process, or produce statistical data.  

• Number of rows, columns, etc.

• Legal metadata – 
• Ex: license, creator, copyright holderhttps://en.wikipedia.org/wiki/Metadata 

"data that provides information about other data"
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Part 4. The value of data 
Part 4.3. Interoperability unlocks the value of data

18

Data Analytics vs Data Processing
— ISO/IEC20546:2019 (Big data – Overview and vocabulary)

Data Analytics
Composite concept consisting of data acquisition, data collection, data validation, data processing, 
including data quantification, data visualisation and data interpretation

Data Processing
Systematic performance of operations upon data
Note 1 to entry: Example: Arithmetic or logic operations upon data, merging or sorting of data, or 
operations on text, such as editing, sorting, merging, storing, retrieving, displaying, or printing.

19

Data silos problem
illustrated

Repositories of fixed data that are isolated, 
incompatible, or not integrated

Example of silos https://factory.dev/pimcore-knowledge-base/whitepaper/data-silos
20

Data integration
Simple schematic for a data 
warehouse. 
The Extract, transform, load 
(ETL) process extracts 
information from the source 
databases, transforms it and 
then loads it into the data 
warehouse.

Simple schematic for a data-
integration solution. 
A system designer constructs a 
mediated schema against which 
users can run queries. The 
virtual database interfaces with 
the source databases via 
wrapper code if required.

https://en.wikipedia.org/wiki/Data_integration 

combining heterogeneous data and providing 
users with a unified view of them.

Sub-areas:
• Data warehousing
• Data migration
• Enterprise 

application/information 
integration

• Master data management
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Interoperability vs Portability
— IEEE Standard Computer Dictionary

— ISO/IEC19941:2017 (Cloud computing – interoperability and portability)

Interoperability
Ability of two or more systems or components to exchange information and to 
mutually use the information that has been exchanged

Portability
Ability to easily transfer data from one system to another without being required to 
re-enter data

22

Interoperability 
as an enabler for 

the potential 
value of data

ex:
Internet of Things

https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/the-internet-of-things-the-value-of-digitizing-the-physical-world 

23

Interoperability at different levels: 
from the hardware to policies

• Policies: Laws, regulations, norms, ...
• Behaviour: Processus, services, operations, ...
• Semantic: Knowledge domain vocabularies, taxonomies, ontologies, ...
• Syntactic: Encoding, Formats, Schemas, ...
• Transport: see also Open Systems Interconnections (OSI) network layers
• OS: Kernel, File systems,...
• Hardware: Instruction Set Architectures, ...

24

ISO/IEC definitions of interoperability

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Transport interoperability
interoperability where information exchange uses an established communication infrastructure between 
the participating systems

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Syntactic interoperability
interoperability such that the formats of the exchanged information can be understood by the 
participating systems

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Semantic data interoperability
interoperability so that the meaning of the data model within the context of a subject area is understood 
by the participating systems

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Behavioural interoperability
interoperability so that the actual result of the exchange achieves the expected outcome

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Policy interoperability
interoperability while complying with the legal, organizational, and policy frameworks applicable to the 
participating systems
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Data Interoperability – a definition

— https://datainteroperability.org/

Data interoperability addresses the ability of systems and services that create, exchange and consume 
data to have clear, shared expectations for the contents, context and meaning of that data.

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Syntactic interoperability
interoperability such that the formats of the exchanged information can be understood by the 
participating systems

—  ISO/IEC 22123-1:2021, Cloud computing — Part 4: Vocabulary

Semantic data interoperability
interoperability so that the meaning of the data model within the context of a subject area is understood 
by the participating systems

26

Norm-based interoperability

• Hardware and/or software standards
• Standard = Detailed set of technical requirements intended to establish 

a certain uniformity (in a field of hardware or software development)
• Standard ---- Norm: no clear boundary

• docx: Microsoft
• HTML, XML: World Wide Web consortium (W3C)
• SIM cards: European Telecommunication Standard Institute (ETSI)
• Postscript became standardized after release
• De facto standards (not produced by a standard development organization). 

example: csv, json, rar, pdf, java, flash
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Data Interoperability
and Semantics

Part 4. The value of data 
Part 4.4. Sharing data generates economic and societal value

28
Open Data Watch. "The data value chain: Moving from production to impact." Data2X. 
https://opendatawatch.com/publications/the-data-value-chain-moving-from-production-to-impact (2018).

The Data Value chain



The Data Value chain

29
Open Data Watch. "The data value chain: Moving from production to impact." Data2X. 
https://opendatawatch.com/publications/the-data-value-chain-moving-from-production-to-impact (2018). 30

The Data Value roadblocks

Open Data Watch. "The data value chain: Moving from production to impact." Data2X. 
https://opendatawatch.com/publications/the-data-value-chain-moving-from-production-to-impact (2018).

31

Open Data in the US

• Data.gov 2009
• Legal framework:

• The U.S. Open Government Directive of December 8, 2009, 
required that all agencies post at least three high-value data sets 
online and register them on Data.gov within 45 days

• OPEN Government Data Act, as part of the Foundations for 
Evidence Based Policymaking Act (2019)

32

Open Data in France

• France at the forefront of Open Data in Europe: 
• Légifrance 1999

• Legal framework:
• "The society has the right of requesting account from any public 

agent of its administration.” (Declaration of rights of man and of 
the citizen of 1789)

• Law on the liberty of access to administrative documents (1978)
• Euopean directove 2003 + French Law 2005 + Decree 2011
• Bill on a Digital Republic (2016)
• The law on Energy Transition (2015)

• 2014: Chief Data Officer in the French public administration
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https://opendatainception.io/ 

34

Open Data in Europe

35

Open Data, Open Content, and Open Knowledge

http://opendefinition.org/ 36

Open Work

1. Open License or Status
The work must be in the public domain or provided under an open license

2. Access
The work must be provided as a whole and at no more than a reasonable one-
time reproduction cost, and should be downloadable via the Internet without 
charge.

3. Machine Readability
The work must be provided in a form readily processable by a computer and 
where the individual elements of the work can be easily accessed and modified.

4. Open Format
The work must be provided in an open format.

http://opendefinition.org/ 
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https://data.europa.eu/sites/default/files/the-economic-impact-of-open-data.pdf  (2020)
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Part 4. The value of data 
Part 4.5. Machine-actionability of data increases its value
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FAIR Principles

https://www.go-fair.org/fair-principles/ 
FAIR Guiding Principles for scientific data management and stewardship (2016)

The FAIR principles emphasize machine-actionability (i.e., the capacity of computational systems 
to find, access, interoperate, and reuse data with none or minimal human intervention) because 
humans increasingly rely on computational support to deal with data as a result of the increase in 
volume, complexity, and creation speed of data.

42
https://www.go-fair.org/fair-principles/ 
FAIR Guiding Principles for scientific data management and stewardship (2016)

Source : Australian National Data Service (ANDS)

43

Example of standards for Metadata

Data Catalog Vocabulary (DCAT) - Version 2
W3C Recommendation 04 February 2020

Dublin Core

schema.org 44

• Demo Dublin core or schema.org in web pages
• Demo DCAT for open data portal catalogs
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< Part 5. The European Data Strategy >

A guided tour !

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/europe-fit-digital-age/european-data-strategy  

https://ec.europa.eu/commission/presscorner/detail/en/fs_20_283 

1)

2)

3

Data Interoperability and Semantics
Outline
• < Part 5. The European Data Strategy >

• Part 5.1. The European legislation on open data
• Part 5.2. The General Data Protection Regulation (GDPR)
• Part 5.3. The Data Governance Act (DGA)
• Part 5.4. The Data Act
• Part 5.5. Data Spaces
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European legislation on open data
(adopted 05/2022 – applicable 09/2023)

5
https://digital-strategy.ec.europa.eu/en/policies/legislation-open-data 

1)

The Directive on open data and the re-use of public sector 
information provides common rules for a European market for 
government-held data.

The “Open Data Directive” (EU) 2019/1024 entered into force on 16 July 2019

It replaced the Public Sector Information (PSI) Directive of 2003.

EU countries had to transpose Directive (EU) 2019/1024 by 16 July 2021.

The Commission Implementing Regulation (EU) 2023/138 
adopted a list of specific high-value datasets by way of an implementing act. 

European legislation on open data
(adopted 05/2022 – applicable 09/2023)

6
http://data.europa.eu/eli/reg_impl/2023/138/oj 

2)

The Commission Implementing Regulation (EU) 2023/138 
adopted a list of specific high-value datasets by way of an implementing act. 

7

Actual impact (FR)

https://www.etalab.gouv.fr/ 

https://meteo.data.gouv.fr/ 

https://transport.data.gouv.fr/ 
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• Requiring the consent of 
subjects for data processing

• Anonymizing collected data 
to protect privacy

• Providing data breach 
notifications

• Safely handling the transfer 
of data across borders

• Requiring certain companies 
to appoint a data protection 
officer to oversee GDPR 
compliance

General Data Protection Regulation (GDPR) (2016)
https://gdpr.eu/ 

9

General Data Protection Regulation (GDPR) (2016)
https://gdpr.eu/ 

10
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Part 5.3. The Data Governance Act (DGA)

The European Data Governance Act
(adopted 05/2022 – applicable 09/2023)

12
https://digital-strategy.ec.europa.eu/en/library/data-governance-act 

1)



The European Data Governance Act
(adopted 05/2022 – applicable 09/2023)

13
https://digital-strategy.ec.europa.eu/en/policies/data-governance-act-explained 

2)http://data.europa.eu/eli/reg/2022/868/oj 
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Part 5.4. The Data Act

15
https://ec.europa.eu/newsroom/dae/redirection/document/83517 

The European Data Act
(adopted 01/2024 – applicable 09/2025)

1)

The European Data Act
(adopted 01/2024 – applicable 09/2025)

16
https://digital-strategy.ec.europa.eu/en/factpages/data-act-explained 

2)
http://data.europa.eu/eli/reg/2023/2854/oj



The European Data Act
(adopted 01/2024 – applicable 09/2025)

17

Chapter VIII – Interoperability

Article 33 – Essential requirements regarding interoperability of data, of data sharing mechanisms and services, as well as of 
common European data spaces

 Participants in data spaces that offer data or data services to other participants shall comply with the following essential 
requirements to facilitate the interoperability of data, of data sharing mechanisms and services, as well as of common 
European data spaces which are purpose- or sector-specific or cross-sectoral interoperable frameworks for common 
standards and practices to share:

• the dataset content, use restrictions, licences, data collection methodology, data quality and uncertainty shall be sufficiently described, where 
applicable, in a machine-readable format, to allow the recipient to find, access and use the data

• the data structures, data formats, vocabularies, classification schemes, taxonomies and code lists, where available, shall be described in a 
publicly available and consistent manner

• the technical means to access the data, such as application programming interfaces, and their terms of use and quality of service shall be 
sufficiently described to enable automatic access and transmission of data between parties, including continuously, in bulk download or in real-
time in a machine-readable format where that is technically feasible and does not hamper the good functioning of the connected product

• where applicable, the means to enable the interoperability of tools for automating the execution of data sharing agreements, such as smart 
contracts shall be provided
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M1 Cyber Physical and Social Systems – Course unit on Data Interoperability and Semantics
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and Semantics

Part 5. The value of data 
Part 5.5. Data Spaces

19

Common European data spaces

https://digital-strategy.ec.europa.eu/en/library/building-data-economy-brochure 

``purpose or sector 
specific or cross-sectoral 
interoperable 
frameworks for common 
standards and practices 
to share or jointly 
process data for, inter 
alia, the development of 
new products and 
services, scientific 
research or civil society 
initiatives.‘’ 
[source: Data Act]

20

Regulatory, business, and technical foundation for 
Data Spaces within the Edge-Cloud-Continuum

Data regulations in economic regions
Data strategies implementation

Technical implementation driven by OSS, 
place for the developer communities

Long-term investment security, adoption 
support etc. through norms and standards

User requirements, Voice of the communities, 
coordinate technical specs and business 
requirements, support to "business design"

https://data-spaces-business-alliance.eu/download/33968/ 

Adapted from a presentation by L. Nagel at the Data Spaces Symposium 2024
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https://data-spaces-business-alliance.eu/ 

22

https://data-spaces-business-alliance.eu/ 

23 24
Adapted from a presentation by L. Nagel at the Data Spaces Symposium 2024
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26https://www.dataspaces-radar.org/ 
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Standardization
activities 

Adapted from a presentation by L. Nagel at the Data Spaces Symposium 2024

ICM – Toolbox Engineering and Interoperability of Software Systems – Course unit on Data Interoperability and Semantics
M1 Cyber Physical and Social Systems – Course unit on Data Interoperability and Semantics
Maxime Lefrançois https://maxime-lefrancois.info 
Course unit URL: https://ci.mines-stetienne.fr/cps2/course/data

Data Interoperability
and Semantics

< Part 5. The European Data Strategy >

A guided tour !


