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Distributed Systems (Event-based
Systems, Stream Processing,
Middleware)

Data Management (Dataspaces,
Linked Data, Semantics, Data
Ecosystems)

Smart Environments (Water,
Energy, Cities)

SENSE (Smart Building Energy)
Waternomics (Water Mgmt.)
AI4EU (Al On-demand Platform):
BIG: Data Driven-Innovation

Treo (Question answering)

ACEIS (Complex Event Processing)
Transforming Transport (Data-
driven mobility)

Lero (Smart City)

Event/Stream Processing European Data Ecosystem

* Pay as You Go Data Management

» Data Platform (Fundamentals of
for (loT) Intelligent Systems)

» Support Services (Catalog, Entity
Mgmt, knowledge graphs, querying,
Discovery, Human in Loop, QoS
Aware, CEP)

M Real-time
Linked

Dataspaces

Approximate Matching
(Semantics, enrichment)
Multimedia (Context extraction
(DNNs), Video knowledge graphs)
Complex Event Processing
(Discovery, Multi-service
composition, QoS)

Future (Micro-service architecture
for Distributed DNNs, Content-
driven optimisations)

Co-Chair Technical Committee Big
Data Value PPP (H2020, 90+
projects, Lighthouses, R&I, Reference
architecture)

BDVA (Roadmapping, T
industrial consensus, VP) , ‘
Future (Roadmap for Al PPP, bl
Data Platforms for Common {258

European Dataspace HE/DE) i




6 question to set the scene

* Can we trust Al to make decisions?
* What is responsible Al?

* Why is data important for Al?
 Can we overcome the bias in data?
 Can Al improve sustainability?

* Isthe an environment cost of Al?
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Can we trust Al to make decisions?
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i REUTERS

Amazon scraps secret Al recruiting tool that
showed bias against women

By Jeffrey Dastin 8 MIN READ f

specialists uncovered a big problem: their new recruiting engine did not like women.

In effect, Amazon’s system taught itself that male candidates
were preferable It penalized resumes that included the word
“women’s,” as in “women’s chess club captain.”
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Che New Jork Eimes

There Is a Racial Divide in Speech-

Recognition Systems, Researchers Say

Technology from Amazon, Apple, Google, IBM and Microsoft
misidentified 35 percent of words from people who were black.
White people fared much better.
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Explainer

What is AI chatbot phenomenon @ i,

ChatGPT and could it replace Oof. Not a good look. #ChatGPT

humans? 9:07 XVTED

Glglr%lian

The tool has impressed experts with its writing ability; (3 @ chat.openai.com/chat + @

proficiency at complex tasks and ease of use

[ ] A father and his son are in a car accident. The father
' dies at the scene and the son is rushed to the hospital.
At the hospital the surgeon looks at the boy and says "I
can't operate on this boy, he is my son." How can this
be?

4

It is impossible for the surgeon to be the boy's
father in this situation, as the father has already

died in the car accident. The statement made by

the surgeon is contradictory and therefore

O Chat GPT is being hailed as a potential game-changer in the world of Al. cannot be true.

Photograph: Andriy Popov/Alamy



What is Responsible Al?
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Responsible Al

The principles of responsible Al

Responsible Al is the practice of
designing, developing, and
deploying Al with good intention to Fairness

o \ » Transparency
‘/« A

empower employees and P
businesses, and fairly impact 3
customers and society—allowing
companies to engender trust /
and scale Al with confidence. Accountability

B
i)

Privacy and

Reliability security
Accenture and safety

B Microsoft
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Blueprint for an Al Bill of Rights
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SYSTEMS WORK FOR
THE AMERICAN PEOPLE
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Safe and effective systems

Algorithmic discrimination
protections

Data privacy
Notice and explanation

Human alternatives,
consideration, and fallback



The European Al Act

Prohibited Al practices <— —p» Unacceptable risk

Regulated high risk Al systems <— —p High risk

AM

Transparency Limited risk

No obligations <— —p Low and minimal risk

Data source: European Commission.
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Al Act Articles

* Risk Management system (A9

* Data and data governance (A10)

e Technical documentation (al1l)

* Record keeping (A12)

* Transparency and provision of
information to users (A13)

* Human oversight (A14)

* Accuracy(Al15)

e robustness (A15)

» cybersecurity (A15)



Al DATA ROBOTICS PARTNERSHIP EU ABOUT PARTNERS SRIDA RESOURCES EVENTS CONTACT

- The Vision of the Partnership is to boost European
E uro pea n Pa rtn erSh I p on competitiveness, societal wellbeing and environmental
Artificia I I ntel I ig en ce, aspects to lead the world in researching, developing
and deploying value-driven trustworthy Al, Data and
Data an d RO bOtiCS Robotics based on fundamental European rights,

principles and values.

v

A Joint €2.6 Billion Investment from the
Public and Private sides between 2021-

2030
A joint initiative by:

»FBDV Cron CLAIRE _“\\\‘* eel 1 1 s EurAi EQUROBOTICS ;! European

=== Commission



EUROPEAN Al, DATA AND ROBOTICS
FRAMEWORK AND ENABLERS

European Al, Data and Robotics Framework

Capturing Value for Business, Society, and People

Policy, Regulation, Certification, and Standards (PRCS)

Boosting the Adoption

of Al in Europe

Cross-Sectorial Al, Data and Robotics Technology Enablers

Sensing and Action and
Perception Interaction
Reasoning

and Decision
Making Systems,
Knowledge Methodologies,
and Learning Hardware
and Tools

European Fundamental Rights, Principles, and Values

COMMUNICATIONS

"ACM

Special Section

on Europe Region

Partnerships | DOI:10.1145/3513000

Partnership on Al, Data,
and Robotics

BY EDWARD CURRY, FREDRIK HEINTZ, MORTEN IRGENS,
ARNOLD W.M. SMEULDERS, AND STEFANO STRAMIGIOLI

N HER 2020 State will only accept Al data,

ofthe Union and robotics products and
Address,* Presi- technologies when they
dent of the Euro- both trust them and see
pean Commission theirwalue.

won derLeyen The Al Data and Robot-

ics Innovation Ecosystem

| | Enablers represent activi-
ties in the ecosystem that
underlie innovation across
sectors and from research
to deployment. To meet
the goal, a substantial
development in skills and
knowledge is needed in
European industry. For

called for Europeto lead the
wayon digital in the areas

of dataand artificial intel-
ligence (AI). Artificial intel-
ligence, dataand robotics
(ADR) presentan oppor-
tunity and a challenge for
Europe, a chance to improve
the competitiveness of the
European public and private

sectors, and a challenge to Al data, and robotics to
translate Europe’s core Al, develop further, large
data, and robotics strengths volumes of cross-sectorial,
into a global market advan- unbiased, high-quality,
tage (see Figure 1). and trustworthy data must

become available. Data
spaces, platforms, and
marketplaces are enablers,

Working together, the
Big Data Value Association
(BDVA), the Confederation
ofLaboratories for Artifi- Y the key to unleashing the
cial Intelligence Research ""“ 1\ s & ; potential of such data.’
in Europe (CLAIRE), the n e R Experimentation and

Edward Curry, Fredrik Heintz, Morten Irgens, Arnold W. M. Smeulders, Stefano Stramigioli
Communications of the ACM, April 2022, Vol. 65 No. 4, Pages 54-55



Why is data important for Al?
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Data is Key to Al...Data Platforms will Fuel Al Decisions

Crunch time in France
The Ten years on: banking after the crisis
EcOnomist [Eorpeeasrmspemms
Biology, but without the cells

The world's most .
valuable resource Y

)
*ﬁ ,
o WIEE

Data Generation = %" s [ |
e S and Analysis '
Dataandthenewrules (including loT)

of competition

-~

S —" —" AN VAN

|

Data Platforms
(Access and Portability)

nsight @

http://dataspaces.info Al and Decision Platforms



From Open Data to .......
Public Digital Infrastructures

Forward-thinking societies
will see the provision of
digital infrastructure
(including data platforms) as
a shared societal service in
the same way as water,
sanitation, and healthcare.




enad

all t

our

“We are defining today a truly
European approach to data
sharing. Our new regulation will

Flow of data (...) while putting

ble trust and Facilitate the

the driving seat. (...) Europe
needs an open yet sovereign
Single Market for data. (...),

release*
November 2020

nose who generate data in

regulation will help Europe

become the world's number :
one data continent.”

Thierry Breton, Commissioner for the Internal Market, EC press
‘Commission proposes measures to boost data sharing”, 25



Cloud Federation, common European data spaces and A
7 3 N
~ N
c = High Value
i —|= =
:QQL' @@ é =|Z % ff- ﬂ‘\ @ ? Datasets
IR @) ' b <=, From
Industrial & Public public
Health Manufacturing Agriculture Culture Mobility Green Deal Security Administration Media
sector
* Driven by stakeholders » Sectoral data governance (contracts, licenses,
* Rich pool of data of varying degree of openness access rights, usage rights)
* Technical tools for data pooling and sharing

Marketplace for Cloud to Edge based Services
Cloud services meeting high requirements for data protection, security, portability, interoperability, energy efficiency

Federation of Cloud & HPC Infrastructure & Services
Cloud stack management and muilti-cloud / hybrid cloud, cloud governance

PaaS (Platforms as a Service)

CETD
I SaaS (Software as a Service)
mm Ed Software, ERP. CRM, data analytics Hiah Al on demand platform
ge igh-
]
I

Infrastructure Smart Interoperability Middleware Performance

& Services Computing
laaS (Infrastructure as a Service)

Servers, computing, OS, storage, network

Al Testing and
Experimentation Facilities




RTE  News SPORT ENTERTAINMENT BUSINESS LIFESTYLE CULTURE PLAYER TV RADIO WEATHER 7 5°C Q A

MENU

° Y I NEWS » CORONAVIRUS » USElection Covid-19 Ireland World Business Politics Nuacht RTE Investigates Programmes
Irelend's COVID19 Data Hub X - o

<« C @ covididireland-geohivehub.arcgis.com

OSisIntranet B M

n X GeotiveUpgrade § OSiJRA [y OSiTrelle @ Geobive [ Linkedin @) Facebook [ TweetDeck e RTENews [ ) The lrish Times @D BBC New

COVID-19 National Summary

@ COVID-19 Ireland  ICU, Hospital &Testing  Detailed Profile of Cases  Detailed County Statistics

¥

Data&Services  FAQs TOTAL CASES LATEST DAILY CASES TOTAL DEATHS LATEST DAILY DEATHS ~ TOTAL HOSPITALISED ~ TOTAL TREATED IN CONFIRMED

71,187 269 2,033 6 cLsTERs
61

Rialtas na hEireann
Government of Ireland

Ireland's COVID-19 Data Hub

ul DAILY CONFIRMED CASES & DEATHS

B Show Confirmed Cases @ @ Show Confirmed Deaths @

1400
1200 ol
?lle
. o g . 1000 ] \‘k ..
National Statistics, Information & Data w00 Wbl
The information presented in this site is based on official figures provided by the Health Protection Surveillance Centre |
(HPSC) and the Health Service Executive (HSE). Datasets, charts and maps will be updated on an on-going basis and in 600 P *
line with newly published data. This site is built using the GeoHive platform, Ireland's Geospatial Data Hub. o6
oo
400 o, Vi

. ,3':.0‘..

v ’ - """:o“‘o"o
Confirmed Headline Figures 30/11/2020 03 et © O s e

Datalast Updated

Y XN NS
$ SO N I P S RS
Click for more information & PP EETPIR TR P O FFTES

Total Confirmed Cases (HPS.. Total Deaths (HPSC) Latest Daily Cases (HPSC) Latest Daily Deaths (HPSC)
72 544 2 05 3 306 1 How has Covid-19 spread in your area?

’ y - David W. Higgins

ol T - Zoom i for further detail igginsdavidw

. 1y
{Back CHVID i
TRACKER

25th November

119 Cases i

Daily confirmed cases ook
Last2weeks Last2months All

ax
o puTown

Incidence rates by county and LEA.

(14 day cases per 100,000 to September 14th, outside
Dublin only).

7 weror

e ROSSUARE m

7:31 PM - Sep 21, 2020 - Twitter Web App

13 16 19 22 25
Nov Nov Nov Nov Nov

e [
I I I I I O I I National 14-day incidence rate

107.8

Per 100,000 Population
9th November to 23rd
November

In first 6 months



At the core of the European Data Strategy
in the Data Space Support Centre

DATA SPACES
SUPPORT CENTRE

Capguml/\i‘invent @‘ FIWARE = Fraunhofer

nnnnnnnnnn
INTERNATIONAL DATA f-!
SPACES ASSOCIATION m i MYDGtO
S'TRa m innovation m
for life

The DSSC will operationalize the European Strategy for Data and facilitate common data
spaces that collectively create an interoperable data sharing environment across Europe

Insight @



Can we overcome the bias in data?
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Content Space: From Rigid Insight @
Schemas to Schema-less.....

* Multiple perspectives

e Heterogeneous, complex and large-scale data L :
S ' P 9 (conceptualisations) of the reality.

Very-large and dynamic “schemas”

e Open Environments: distributed, decentralised
decoupled data sources, anonymous users
multi-domain, lack of global order o = Irsa
iInformation flow

* Ambiguity, vagueness, inconsistency.

N

circa 2000 N
10s-100s attributes e e =

|DEPT... |JOB_C... |JOB_GR... | JOB_COUNT... |SALARY |FULL_NAME
600 VP 2USA

05.900,00 Nelson, Robert
Young, Bruce

...and Fundamental

- _circa 2020

1,000s-1,000,000s attributes D e Ce nt ra I i S at i O n



: . Insight @
Increasing amounts of Subjective Data oo

“The very concept of

objective truth is fading out
of the world.”

v
£

George Orwell

QoE
ink8l {

Image Credit: https://www.yesvedanta.com/objectivity-vs-subjectivity-in-light-of-vedanta/

OBRTeCTIVE SUBTecCTive
ReaL\TY INTeRPRETATION



Query

Subiective and Obiective Attributes and Query

w

A | "Hotels in London | "Restaurants that

@ of reasonable serve delicious

P :* n n

2 price food

0

o | "List all hotels | "Restaurants with

o | in London <= £180 |avg. food_rating >

@ ight" 4.9"

LA per nig .

o

o

Objective Subjective Table 3: Subjective attributes in different domains.
Data Domain | %Subj. Attr | Some examples

Hotel 69.0% cleanliness, food, comfortable
Restaurant 64.3% food, ambiance, variety, service
Vacation 82.6% weather, safety, culture, nightlife
College 77.4% dorm quality, faculty, diversity
Home 68.8% space, good schools, quiet, safe
Career 65.8% work-life balance, colleagues, culture
Car 56.0% comfortable, safety, reliability

Li, Y., Feng, A., Li, J. et al. Querying subjective data. The VLDB Journal 30, 115-140
(2021). https://doi.org/10.1007/s00778-020-00634-5

INsSight @



: : Insight @
Hybrid Neuro-Symbolic Approaches T

Neuro-Symbolic Al

e We need Semantics, not / \

jUSt statistics! Neural Networks Knowledge Graphs

(Statistical Learning + Reasoning) (Expert Knowledge + Reasoning)

e Combines rules-based Al
approaches (Knowledge
Graphs) with statistical
learning techniques (deep
learning)

(AKA Composite Al from
Gartner)




Visual Al

CT Thorax

Nodule

Blind‘

Pedestrian
(More than 220k people in Ireland (An average of 110 drownings (Every 3 minutes in Ireland someone gets a cancer
are blind or visually impaired) occur in Ireland every year) diagnosis; every hour someone dies from cancer)
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.J. Khan, J.G. Breslin, E. Curry, “Expressive Scene Graph Generation using Commonsense Knowledge Infusion for Visual
Understanding and Reasoning,” Extended Semantic Web Conference (ESWC) 2022, Crete, Greece, May-June 2022.



Visual Al with Common Sense

CT Thorax

related

o related to partfof Drowning v comprises Dead Cells | »
Nodule
Street Person [—capable of
. causes
at location affects
capable of related toNT"cancer
: capable of Swimming causes
Blmd- at location Oces
Pedestrian
The blind pedestrian can hit the pole A person drowning in the ocean A potential case of Lung Cancer
i Instititid na hEolajochta Sonraf

. U : 2
UNIVERSITY Data Science Institute

J. Khan, J.G. Breslin, E. Curry, “Expressive Scene Graph Generation using Commonsense Knowledge Infusion for Visual
Understanding and Reasoning,” Extended Semantic Web Conference (ESWC) 2022, Crete, Greece, May-June 2022.



Can Al improve sustainability?
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Triple Bottom Line Al for SDGs

«ON,

SUSTAINABLE £ &
DEVELOPMENT \J%un® ALS

Q) | Targets inhibited by Al [ Targets enabled by Al

POVERTY O ANDWELLBENG E0GATON Eﬁmy MOSANTATON E nVi ronme nt
DECENT WORK AND 10 REDUCED

ECONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES ECO no my
13 v 14 Sowwrz [ 19 thiao 16 tosioc. | 17 foenicoons [Tt 28
“: ISTTUTONS DEVELOPMENT . é@) /o

1y | & Bk Society

OLLSCOILNA 0G0 , ,
B GAILLIMHE Instititiid na hEolaiochta Sonraf Vinuesa, R., Azizpour, H., Leite, I. et al. The role of artificial intelligence in

¥ UNIVERSITY

D Data Science Institute

achieving the Sustainable Development Goals. Nat Commun 11, 233 (2020).
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Digitalisation Human-Computer Interaction

(Internet of Things & Big Data) (User Experience Design
& Behavioral Models)

Fault Detection

Predictive and
Perspective
Analytics

Rule and
Model-based
Performance loT-

Tracking Enhanced

User
Data Visualization Experience

Data Analysis 40{/‘00

Personalised Usage

@ =

Alerts and Tasks

Meta-data
management

Buildings

2%
3
2
%
o
®

Things

Sensors

Performance
Feedback &

Rewards Reminders




Real-world Deployments

5 Pilots and 10+ Target User Groups

Smart Airport ® .
Milan Linate,
Italy
Corporate Passengers Operational
® Staff
Smart Office Staff

Galway, Ireland

.:x; e

Researchers

- =

Smart Homes
Municipality of [t
Thermi, Greece §

Application
Developers

Mixed Use

B
Galivay, Ireland 3 Data University Students

Scientist

Smart School
CnaC School in
Galway, Ireland

Building

[ ]
,_N OM’O‘ Ma'na'ger

INSight @

30+ Applications for Target Users

Willem Fabritius
Energizers

+8%

My Energy Use personal Energy Alerts
© August 2014 onergy Currently no energy problems detected

Competition activity ©  Group noticeboard

” SENSE DERI @SENSE_DERI 8Aug
Today is the last day of the DERI Energy
Saving Competition! With BONUS POINTS

Energizers - 2 hours ago
Willem Fabritius committed to 2 daily goals!

Your room used less
energy yesterday
than the monthly
average!

Find out more

& Tweet

Eco Heroes - 2 days ago for your final tasks all teams still have the
Mohan Timilsina committed to 1 daily goals! chance to win!
Xpary
wistersomics . =
Engineering Buildine o =] — B — —

.....

[IRER—

Personahsed Dashboards

Energy yesterday
e el T~ | =3

-

Interactive Public Displays

.
ﬁ RS -
‘W’ EIIEY oo YRR

Alerts and Notifications

Insight @




Pilot Impacts

".. Water

. g“;::‘f ) % ‘~
ERL . —‘., /3‘. s , *5".-"'
(: 0 2 Savings . 0
c
— %.o. » i -—

SOTPRINT
65,000

kg CO2/yr. 5 Faults & & |
Leaks Detected — ~ *

Insight @



Is the an environment cost of Al?

N LLy, o« e s /4 4
AT i Instititid na hEolaiochta Sonrai

. ilnli . . .
Cal UNIVERSITY
RS o Cnimns Data Science Institute




Text input

Computational Semantics Insight @

(

\_

LLanguage
Model

©

GPT3

BERT

Text output

Language
Generation

Numeric representation of text



Large Language Models Insight @

SFI RESEARCH CENTRE FOR DATA ANALYTICS

1000 7=

GPT-3 (175B) —__

)
.
% 100 Megatron-Turing NLG (530B)
=
o
2 Megatron-LM (8.3B)
4 — Turing-NLG (17.2B)
n 10
c
2
%
=
v i ~GPT-2 (1.5B)
=
K
©
o}
> % BERT-Large (340M)
0.1
li
“ELMo (94M)
0.01
2018 2019 2020 2021 2022

Image credit: https://huggingface.co/blog/large-language-models



CO2 emission benchmarks

800 9
(o)}
=)
a

700 | =

| ==
626.2

600 |
®
2
é 500 |
£
£ 400 |
:
£ 300
2
g
g 200 '@'

O
o) 126.0
100 | \“3EsreD
= s i 36.2
Vi LA I
Air travel from Human life American life US. car Training an
New York City to (Avg. 1year) (Avg. 1year) manufacturing and Al model
San Francisco fuel consumption
(1 passenger) (Avg 1 lifetime)

Datacompiled Oct. 9,2019.

An "imerican lite" has a larger carbon tootprint than a “Human lire" because the U.S. is widely regarded as one of the top carbon dioxide
emittersin the world.
Source: College of Information and Computer Sciences at University of Massachusatts Amherst
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Sustainable Al
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https://thegradient.pub/sustainable-ai/




Sustainable Al

Opinion Paper | Open Access | Published: 26 February 2021

Sustainable AI: Al for sustainability and the
sustainability of Al

Aimee van Wynsberghe

Al and Ethics 1, 213-218 (2021) | Cite this article

Sustainable Al is a field of research that applies to the technology of Al (the
hardware powering Al, the methods to train Al, and the actual processing of
data by AI) and the application of Al while addressing issues of Al
sustainability and/or sustainable development.

Sustainable Al deals not exclusively with the implementation or use of AI but
ought to address the entire life cycle of Al, the sustainability of the: design,
training, development, validation, re-tuning, implementation and use of Al
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Reducing Energy usage in Edge Al

/\\(4//\)2 Streain( _;:almager

On Site Soheduuler
Cameras l
(Event Source)

Stream Processor

CV Engine
l Bad f(y :
Vood for
OHs User @
(Event Sink) S8 Accuracy Energy
« — High Parallelism

Good for High Accuracy Workers Focus ~ Bad for

Energy-Speed-Accuracy Trade-off Triangle for the Query Quality of Service
(F.Pontes et. Al. 2023)



Conclusion

Al can enable solutions to
many societal challenges

Many challenges to deliver
on the promise of Al

Responsible Al will require a
multidisciplinary approach
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Questions

Can we trust Al to make decisions?
What is responsible Al?

Why is data important for Al?

Can we overcome the bias in data?
Can Al improve sustainability?

Is the an environment cost of Al?



