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

Data Interoperability
an d Se Mma n‘h CS Value  Metric | Value  IEC Legacy

1000 kB kilobyte | 1024 KiB kibibyte KB kilobyte
Part 4. The value of data 10002 MB megabyte || 10242 MiB mebibyte MB megabyte
) 3 ) 3 mim )
Part 4.1. Value as one of the V’s of Big Data 10007 GB gigabyte | 10247 GiB gibibyte  GB gigabyte
1000 TB terabyte | 10244 TiB tebibyte TB terabyte
1000° PB petabyte | 1024° PiB pebibyte -

Multiple-byte units YereE

1000% EB exabyte || 1024% EiB exbibyte -
10007 ZB zettabyte | 10247 ZiB zebibyte -
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Projected figures 2025 for the total amount of data
created, captured, copied, and consumed globally

i

530%

increase of global
data volume

From 33 zettabytes
in 2018 to 175

zettabytes

https: tatista.com/statistics/871513/worldwide-data-created

Data Never Sleeps 9.0

How much data is generated every minute?

TIKTOK  GOOGU

USERS WATCH

INSTAGRAM —

This happens every (/x%ox = oW
minute of every day, = " &
according to DOMO

(Source: Data Never Sleeps 9.0)
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Projected figures 2025
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530%

increase of global
data volume

From 33 zettabytes
in 2018 to 175

zettabytes

- |

€829
billion
value of data
economy in the
EU27

From €301 billion
(2.4% of EU GDP)
in 2018

&R

10.9
million
data
professionals in
the EU27

From 5.7 million in
2018

The 5 V’s of Big Data ?
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[ second
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> Uncertainty
° Of Data
= his refers 1o the discrepancies
found in the data.

Poor data cuality csta the US eceroy around
$3.1 Trilllon a year

This refers to the sheer volume

s
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65%
Percentage of EU
population with
basic digital skills
From 57% in 2018

Analysis of 3"
Streaming Data

Denotes the speed at which data is

‘emanating and changes are oceurring

between the diverse data sets
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Diffrent forms Ls'
of data &L ¢

As more and more.
data is being digitized-

Having access to big data is all

of Data é

well and good but that's only useful
if we can turn it into a value.
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The DIKW pyramid (~1982)

useful.
INFURMATIUN knowledge by description ("information
is contained in descriptions")
useless.
DATA symbols or signs, representing stimuli or
signals, that are "of no use until...in a

usable (that is, relevant) form

11
https://en.wikipedia.org/wiki/DIKW pyramid , and chosen definitions

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

usable (that is, relevant) form

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

information having been processed,

The DIKW pyramid (~1982)
organized or structured in some way, or

m else as being applied or put into action
useful.
INFURMATIUN knowledge by description ("information
is contained in descriptions")
useless.
DATA symbols or signs, representing stimuli or
signals, that are "of no use until...in a

usable (that is, relevant) form

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



The DIKW pyramid (~1982)

integrated knowledge—
information made super-useful

information having been processed,

organized or structured in some way, or

else as being applied or put into action

INFURMATION knowledge by description ("information
is contained in descriptions")
useless.
DATA symbols or signs, representing stimuli or

signals, that are "of no use until...in a
usable (that is, relevant) form

13

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

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.

15

The DIKW pyramid (~1982)

Metadata

Still...
we often use
« Data »
to generalize

INFORMATION

DATA

"data that provides information about other data"

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 —

httos./Jenwikipedia.ere/pYi/Weaée, creator, copyright holder 16



Data Analytics vs Data Processing

— ISO/IEC20546:2019 (Big data — Overview and vocabulary)

Data Analytics

D a t a | n t e ro e r a b i | i t Composite concept consisting of data acquisition, data collection, data validation, data processing,
p y including data quantification, data visualisation and data interpretation
and Semantics
Systematic performance of operations upon data

Note 1 to entry: Example: Arithmetic or logic operations upon data, merging or sorting of data, or
Part 4. The value of data operations on text, such as editing, sorting, merging, storing, retrieving, displaying, or printing.

Part 4.3. Interoperability unlocks the value of data
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illustrated incompatible, or not integrated . users with a unified view of them.
Simple schematic for a data -
warehouse.
- . The Extract, transform, load - -
Marketing Sales Purchasing (ETL) process extracts -
information from the source Warehouse
databases, transforms it and -
then loads it into the data Sub-areas:
warehouse. * Data warehousing
N RETE . * Data migration
AL BUDGET RANGE ‘ » - * Enterprise
Simple schematic for a data- Wiapper application/information
NAME OF THE BUDGET RANGE WHAT BOOKS integration solution. integration
CLIENT HE BUYS A system designer constructs a .
mediated schema against which Master data management
BUDGET RANGE BIRTHDAY NAME _HIS users can run queries. The
BIRTHDAY virtual database interfaces with
the source databases via
BIRTHDAY Wl-II—IAETLﬁ(OECS)‘G DEVICE wrapper code if required.
19 https://en wikipedia.org/wiki/Data_integration o 20

Example of silos https://factor pi knowledge-ba data-silos




Interoperability vs Portability

— 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

Interoperability at different levels:
from the hardware to policies

* Policies: Laws, regulations, normes, ...

* Behaviour: Processus, services, operations, ...

* Semantic: Knowledge domain vocabularies, taxonomies, ontologies, ...
* Syntactic: Encoding, Formats, Schemas, ...

* Transport: see also Open Systems Interconnections (OSI) network layers

* 0OS: Kernel, File systems,...
* Hardware: Instruction Set Architectures, ...

Nearly 40 percent of economic impact requires interoperability between loT systems

Interoperability

economic Value potential requiring interoperability % of total
impact of loT* § trillion value

as an enabler for s
the potential
value of data o .

Work sites 05 56

Factories 13 36

Cities 0.7 43

e X . Vehicles 04 44

Internet of Things e e =

1 Includes sized appiications only: includes consumer surplus.
2 Less than $100 bilon.
NOTE: Numbers may not sum due ta rounding.

SOURCE: Expert interviews; McKinsey Global Institute analysis

https mckin digital, inter hings-the-value-of-d he-physical-world

ISO/IEC definitions of interoperability

Transport interoperability

Examples of how
interoperability enhances value

Data from different types of
equipment used to improve line
efficiency

Video, cellphone data, and
vehicle sensors to monitor traffic
and optimize flow

Payment and item detection
system linked for automatic
checkout

Linking worker and machinery
Iocation data to avoid accidents,
exposure to chemicals

Equipment usage data for
insurance underwriting,
maintenance, pre-sales analytics

Multiple sensor systems used to
improve farm management

Connected navigation between
vehicles and between vehicles
and GPStiraffic control

Linking chore automation to
security and energy system to
time usage

Data from different building
systems and other buildings used
to improve security

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

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

— 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

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



Data Interoperability — a definition Norm-based interoperability

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. Hardware and/or software standards

 Ptpsi/Aatainteroperabity.ore/ * Standard = Detailed set of technical requirements intended to establish

Syntactic interoperability a certain uniformity (in a field of hardware or software development)

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

— 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

The Data Value chain

Data Interoperability
and Semantics

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

PRODUCTION USE

PUBLICATION IMPACT

increasing value of data
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MARKERS Potential achievements within each process of the value chain mark progress towards data impacts.

The Data Value chain

dated

* Partner with * Extractinsights ® Partner with * Reduce time-cost * Achieve first * Build habits of
other producers from data infomediaries of data use end-use of data data use

+Harness new « Visualize data * Publicize data *Encourage perc- * Receive initial *Increase interest
data sources in clear manner availability eption of value user feedback in data production

PUBLICATION éw @ IMPACT

COLLECTION A NETAIE %@
+Consult with +Ensure data are « Provide machine- +Use technology +Promote data +Track tangible
future users interoperable readable data to connect to users use culture behavior changes
«Determine levels « Achieve high-qualty « Data accessible *Re-process data «Encourage data Identify data-
of granularity and protected privacy online and offline for new insights. use for decisions driven policies

The Data Value roadblocks

PRODUCTION

date2s?

USE

increasing value of data

Roadblocks for production include lack of financial,
human, and technological resources; low data literacy;
| lack of trust between users and data collectors; blind-
spots in data gaps; lack of country ownership; and lack
of government desire for transparency.

Roadblocks for use include low political support; lack
of data relevance to decisions; poor quality; lack of
trust in government data use; no rewards or results of
data use; financial constraints; corruption; data silos;
and lack of partnerships between infomediaries.

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

Open Data in the US

data.gov

* 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)

= JATA

Type of site  Government Web site
Availablein  English

Owner Government of the United
States

URL data.govi

Commercial No

Registration  Optional

Launched  May 30, 2008; 13 years ago

Current status Active

Open Data Watch. "The data value chain: Moving from production to |mpact Data2X.

30

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)

Adresse  data gouvfr&

Description Plateforme ouverte des données
publiques francaises

Commercial % Non
Publicitt % Non

Type de site Données ouvertes
gouvernementales .

Langue Francais
crpon ;al‘;(" _— * Euopean directove 2003 + French Law 2005 + Decree 2011
ropristate Etlzb (msson laces sous ) - s

Tangay oM minkte * Bill on a Digital Republic (2016)

Créépar  Etalab
Lancement 5 décembre 2011

* The law on Energy Transition (2015)
Etatactuel ./ En activité

5 * 2014: Chief Data Officer in the French public administration
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Open Data, Open Content, and Open Knowledge

The Open Definition

The Open Definition sets out principles that define “openness” in relation to data and content.

It makes precise the meaning of “open” in the terms “open data” and “open content” and thereby ensures quality and

encourages compatibility between different pools of open material.

It can be summed up in the statement that:

“Open means anyone can freely access, use, modify, and share for any purpose (subject, at most, to requirements

that preserve provenance and openness).”

Put most succinctly:

“Open data and content can be freely used, modified, and shared by anyone for any purpose”

http://opendefinition.ory

http:,

Open Data in Europe

EUROPEAN
# )1 DATA PORTAL

data.curopa.cu

The official portal For European data

The European Data Portal:
Opening up Europe’s public data

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.

lopendefinition.or,



Economic impact of Open Data

Openidatajmarketsize_ 0

« €184.45 billion open data market size in 2019

« €199.51 - €334.20 billion open data market size
I:d] forecast for 202

_ Opendataemployment

+ 109 million open data employees in 2019
+ 112 - 197 million open data employees
forecast for 2025 (N

Open data potential per sector

pact and high

EUROPEAN
For de plons DATA PORTAL
https: urop: files/the-economic-impact-of-open-data.pdf (2020)

Efficiency gains

« Saving lives, e.g. 54 - 202 thousand lives saved by
faster emergency response

+ Saving time, e.g. 27 million hours saved in public
transport

« Saving the environment, e.g. 58 Mtoe* saved by
reducing household energy consumption

+ Improving language services with open data, e.g.
by increasing machine translation

Cost savings

+ Saving healthcare co:
due to faster first a

g. €312 - €400 thousand
Sonders

« Saving labou
reducing time

costs, e.g. €137 - €20 billion by
nt in traffic

+ Saving costs on energy bills, e.g. €796 bilion due to
more solar energy production

« Saving public sector costs, e.g. €1.1 bilion by lower
translation costs

— Opendatain organisations

* Millon tonnes of oil equialent EUROPEAN
For detai ptions DATA PORTAL

open_data.pdf (2020)

open_data.pdf (2020)

EUROPEAN
DATA PORTAL

Re-using Open Data

A study on companies transforming Open Data into
economic & societal value

@ EUROPEAN
DATA PORTAL
Top 3 most used Open Data domains

27.3% % 25.8%

R
am Statistical Geospatial

19.5%
{“X Companies

Most often combined Open Data categories

Other Open Data categories used
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Top 3 platforms to access Main benefits of working with
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‘The European ‘ —

mie - - e .
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EUROPEAN
DATA PORTAL

EUROPEAN
DATA PORTAL

Re-using Open Data

Astudy on companies transforming Open Data into
eeconomic & societal value

nts according tothe Open Data Value Chan Archetypes:
18w

Selling Selling
services products N
I

_ o

DeY "Esfn "
. ®9 i vg -

of Open Data

76% OF THE ORGANISATIONS USING OPEN DATA
FORESEE TO RECRUIT NEW EMPLOYEES

TAKING OPEN DATA TO THE NEXT LEVEL
= Design your Open Data provision ﬂllllgya:lsd on user demands 38

Standardise and harmonise you
 Share your story on the use of Open Data
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FAIR Principles

IEdabIe/ \ccessible nteroperable

/O % e %

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.

eusable

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

_§ Z ~ Example of standards for Metadata

deidentifier

AN

Persistent
Identifiers (PIDs)

Findable

Standard
communications
protocol

Accessible Open, free protocol

Vocabularies Vocabularies are

Interoperable

IS
LR

https://www.go-fair.org/fair-principles/

Source : Australian National Data Service (ANDS)

deat:Dataset

d:.«mml;% ‘%

deat:Distribution

dexype foaf:Agent |¢— det:publisher
desritn Soaeipon
skos:Concept dcat:theme - det:issued

detidentifier
deat:keyword

de:date de:format

decoverage

Dublin Core iiorteg

deat:accessURL

| deataistrioution _y}
detpublisher  skosinScheme bl

deaticontactboint o TeadURL
det:temporal

dcatmediaType
‘skos:ConceptScheme det:spatial det:format "

schema.org
det:accrualPeriodicity
foaf:primaryTopic
dcat:dataset
datCatalog dcat:CatalogRecord
Documentation dettitle
detdescription detititie
detissued det:description

Here detimodified doabracord detissued
detlanguage | detimodified
g St i ing king up your sice vl
+ Schemes: The acwal schemas, amange th a page fo each tem in the schema dorloane
ctrights
 Therl The full ype hierarchy, i e
L e det:spatial

« Frequenty

« Data model-  brief note on the data model used, etc.
&

Data Catalog Vocabulary (DCAT) - Version 2
W3C Recommendation 04 February 2020 i
schema.org “

FAIR Guiding Principles for scientific data management and stewardship (2016)

* Demo Dublin core or schema.org in web pages
* Demo DCAT for open data portal catalogs

Indexed data
repositories

Authentication,
where necessary

Community
standards
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