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Global Challenges

® Digital transformation challenges e.g.:

® Publishing content and information, its dissemination

® Marketing, communication and sales online

(e.g. tourism, entertainment, media...)

® Behavioral change challenges such as like energy

efficiency, sustainability, climate change, food security

. . & THREATS TO CORAL REEFS CLIMATE CHANGE
® Sustainable and healthy diets

CLIMATE CHANGE = OCEAN CHANGE

-> facilitated by linked data e e

tmrmat stress flge £ Tl regines
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What is the Semantic Web?

»"The Semar;ticf:) Web is an
extension of the current e
web in which information is iﬂERITC";lﬁ
given well-defined
meaning, better enabling —
computers and people to
work in cooperation.”

T. Berners-Lee, ]. Hendler, O.
Lassila, "The Semantic Web”,

['.-::-..-'
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Ontology example

Concept

conceptual entity of the domain

fSA — hierarchy (t'%'\omy)

attends hold

Property

attribute describing a concept

Relation

relationship between concepts or properties

Axiom

coherency description between Concepts / holds(Professor, Lecture) =>
Properties / Relations via logical expressions Lecture.topic = Professor.researchField
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Practical cases:
Linked Data, Open government data

" @) HM Government data.gov.uk
MB Home Blog Data SPARQL Apps idess Forum Wik Resources Avout [N *

Subscribe by RSS N\

Ademed by Sir Tim Bemers-Lee and Professor Ngel Stadtol and others. govemmant ae opening up
Cata for reuse. This sile Secks 10 0 & wity 110 I Wealth of Qowesnmen! data and is under constant
cevelopment. We want to work with you % make it befer,

We're vary aware 1at there are more pecple Me you outsice of govemment who have the skils ona
abities to make wondarfil Sings 0ut of public dots. Thees are our frst sieps in Sulkcieg &
collabonivg reasonship with you

-d — LUst o datinsats
E— [ seurcs

Common omtening -
0.0 education NHS, ma, Yanspot, eevironment tags Combaning difernct datn
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Data Quality: 5-star
Linked OPEN Data

* Available on the web (whatever
format) but with an open license, to be
Open Data

* % Available as machine-readable
structured data (e.g. excel instead of

NkEp OPENIDATA, image scan of a table)
OnthewebM * %% as (2) plus non-proprietary format
Machine-readable®” ) (e.g. CSV instead of excel)
Non-proprietary fo®
RDF standards * %% % All the above plus, Use open
| Linked RDF standards from W3C (URIs, RDF and
IsY()UR DATA 5*? SPARQL) to identify things, so that

people can point at your stuff

*kx*x % All the above,dplus: Link your
data to other people’s data to provide
context
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Knowledge Graphs, in 2021

Knowledge Graphs Edge Al
Smart Robots Al Maker and Teaching Kits
Transformers | Deep Neural Network ASICs
Decision Intelligence O Digital Ethics
Synthetic Data /’ \
Neuromorphic Hardware j¢ Al Cloud Services
Human-Centered Al ® " Deep Learning
Generative Al 4
Al Governance Data Labeling and Annotation Services
(7] . Natural Language Processing
= Responsible Al Multiexperience *
o ModelOps Machine Learning
= Machine Customers £
ﬁ Al Orchestration and ) o
5 Automation Platform Small and Wide Data Intelligent Applications
E Composite Al Model Compression
>
[17]
Al TRiISM
Physics-
Informed Al & dl S ic Search
{ Adtificial Chatbots emantic Searc
/ General Autonomous Vehicles
Intelligence Computer Vision As of July 2021
Innovation Peak of Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
TIME
Plateau will be reached: <2wvrs. 2-5vrs. @ 5-10wrs. /% >10ws. X Obsolete before plateau

WAGENINGEN

UNIVERSITY & RESEARCH

Gartner



The Semantic Web as an integrated
graph of knowledge graphs

Knowledge Graphs
Name | Entities | Relations | Types | Facts
Freebase 40M 35K 265K 637™M
DBpedia (en) 4.6M 1.4K 735 S80M
YAGO3 1™ 77 438K  150M
Wikidata 15.6M 1.7K 232K 66M
NELL 2M 425 285 433K
Google KG S70M 35K 15K  18B
Knowledge Vault 45M 4 5K 11K 271M
Yahoo! KG 3.4M 800 250 1.39B

o Manual Construction - curated, collaborative
e Automated Construction - semi-structured, unstructured

Right: Linked Open Data cloud - over 1200 interlinked KGs
encoding more than 200M facts about more than 50M entities.

Spans a variety of domains - Geography, Government, Life
Sciences, Linguistics, Media, Publications, Cross-domain..
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FAIR Data

' B
Data and materials enriched

with metadata assigned witha
unique identifier

\. v

SN

Data and metadata stored ina
trusted repository with an open
and free protocol. Accessible by
machines and humans

\. .

W 5

Usingvocabularies and public
domain ontologies the
metadata can be referenced
and linked

G

A N

o
N
Additional documentation and
protocols describing the
acquisition of the data, licensed
with a detailed provenance

e

\ /
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Essentially,
FAIR data is about semantics
and knowledge graphs

Key paper: Wilkinson, M. D., Dumontier,
M., Aalbersberg, I. J., Appleton, G.,
Axton, M., Baak, A., ... & Mons, B.
(2016). The FAIR Guiding Principles for
scientific data management and
stewardship. Scientific data, 3(1), 1-9.

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



Feanu Reeves Lauren:
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Data! Lots of
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Data (technology & communications) -
is the new gold?
@ Sector Composition of S&P 500 as on 31 Jan 2022

[]Market Cap (USSbn) 31 Jan 2022 (0) No. of Companies /N Market Cap Growth over 31 Jan 2021

Information Technology Communication Services Health Care Industrials

[] 11,3721 [] 61985 [ 51139 [ 31236

O 78 QO 23 O ea
A\ 25.8% A\ 15.8%

Consumer Discretionary ¢ Stapl
‘onsumer Staples

[] 2,698.1
O 32
A 16.8% Real Estate

[ 1,044.4
O
N 32.6%

Source: GlobalData Intelligence Center and Stock Exchanges @ GlobalData.



2022 - Europe is in trouble

THE WORLD’S TOP 10 MOST VALUABLE BRANDS 2022

[ o . b
*=? " $107.3bn
7] &

amazon = 2 <
S = ¢350.3bn $101.2bn

= 1

= $355.1bn

facebook B=
8 &

i @ - $75.1bn
o) !

$71.2bn

$263.4bn

4 ¢
$184.2bn

S

HUAWEI

B Microsoft §

verizon’ == 10 !

—_—

Walmart >\ BES 5 1T
$69.6bn

—
—

$111.9bn

Source: Brand Finance Global 500 2022
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Global Unicorn Herd Now @j{i
Counts 1,000+ Companies \(\

Y

Number of privately held, up-and-coming companies
with a valuation of $1 billion or more, per country

& AW
it 3 I N

R Sl
FhD 3

M 500+ unicorns
100+ unicorns
B 60+ unicorns
™ 11-50 unicorns /
¥ 1-10 unicorns

As of March 30, 2022
Source: CB Insights

©@®G statista %a



Not all data and knowledge are to be open
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Towards de-centralization

® In communication - Edward Snowden <

Edward Joseph Ed" Snowden ist ein US-amerikanischer Whistleblower
iner ClAMi N

und Seine 1] gaben Einblicke
in das Ausmal der U und Spit i
§ Mehr Bilder ven imdi -0 i jenen der i Stasten und

GroBoritanniens, Wikipedia
Julian Assange < Geboren: 21. Juni 1383 (Alter 25 Jshre), Elizebeth City, North Caroling,
Vereinigte Stasten

Lebenspartnerin: Lindsay Mills

Jultary P!fﬂ Assange ist ein australischer politischer Aitivist, . Biicher: Everything You Know about the Constitution is Wrong,

Journalist

Journalist, - ) s
und Sprecher der Enthillungsplattform WikiLeaks, der auch die Supemerds: Gespréiche mit Helden
ecuadorisnische Stastsbiirgerschaft besitzt. Wikipedia Ausbildung: Anne Arundel Community College (2004—-2005), MEHR

Geboren: 3. Juli 1971 (Alter 47 Jahre), Townsville, Australien Doku: Citizenfour
Wohnsitze: Embassy of Ecuador; London, England; (by right of asylum) N
Ehepartnerin: Teresa Assange (verh. 1989-1998) .

Kinder: Daniel Assange
Biicher: When Google Met WikiLeaks, Cypherpunis, MEHR

Mehr Bilder

Pawel Walerjewitsch Durow <

Unternehmer

Pawel Wslerjewitsch Durow ist ein russischer Unternehmer und Grinder
des in Russland populdrsten sozialen Netzwerks vi.com und des Instant-
Messengers Telegram. Forbes schitzt sein Vermodgen suf umgerechnet
1.7 Milliarden US-Dollar. Bisweilen wurde er in Medien als russischer
Mark Zuckerberg” genannt. Wikipedia

Geboren: 10. Oktober 1984 (Alter 22 Jahre), Sankt Petersburg, Russland

GroRe: 1,76 m
WAGENINGEN
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Beruf: Entrepreneur
Vermaogen: 1,7 Milliarden USD {2018)
Ausbildung: Stastliche Universitdt Sankt Petersburg (2002-200€)



. LICENSE SEARCH
Licenses

What kind of asset do you want to license?
@ Creative work (i.e. text, picture, sound, movie) m
# Dataset ¥ Software

PERMISSIONS

° ® Do you allow to copy the work?

_ Pellegrini, T., Mireles, V., Steyskal, S., Panasiuk, O.,
©  x poyousliow sthers to modiy the work? Fensel, A., & Kirrane, S. (2018). Automated rights

clearance using semantic web technologies: The DALICC

o O Others must state changes

framework. In Semantic Applications (pp. 203-218).
Springer Vieweg, Berlin, Heidelberg.

3 O = Do you allow others to distribute the work?

« O ®* Doyou allow to create derivatives from your work?

' O ® Do you allow commercial use?

- ‘O" Do you want to apply a share=alike clause? https://www-dalicc_net
FULL MATCHING LICENSES
= Attribution 4.0 International # The MIT License

* GNU Lesser General Public License

LICENSE LIBRARY LICENSE COMPOSER
Search for a license PROVENANCE INFORMATION

TNU GENERAL PUBLIC LICENSE . VERSION 2 PERMISSIONS

Data 1 . mgo;“m
f' TemeofUse | - Da you allow to copy the work?
bl * urf: hitps:/{dalice.net/license-library/GHNU_GPL_v2
License A S » jurisdiction: Worldwide  » title: GNU General Public License , version 2 v o De you allow others to medify the work?
* has\ersion: 2.0 » alternative: GNU GPLv2 = validityType: Perpetual o o Do you allow others to distribute the work?
License B * source; https:/ wenw,gnu.org/ licenses oldicenses gpl-2.0_hitm|
» publisher: Free Software Foundation  » target: Soft W O x Do you allow to create derivatives from your work?
e ?License?  Derivative * legalcode: https:/www gnu.org/licenses old-licenses gpk2.0.htm| v O % Do youallow commercial use?
O _boyouwanttasppyssharesiie clouse?
XM | - Reproduce > Display @ OUTIES * ChargeLicenseFee ACCEPTING WARRANTY OR ADDITIONAL LIABILITY ~
Figure 1: Problem of License Clearance * Distribute * Present * Motice * Grant Use UHlT!TlfIH DF LMHIL”T &
# UNIVERSITY & RESEARCH * Maodify * Derive * Source Code DISELJLIH_EH *

* Derivative Works s Share Alike mm
P - T I P JUNWNLUAL FELN



https://www.dalicc.net/

Consent

* Based on the CampaNeo project ontology, which models consent, campaigns, contracts, data, data processing

* Reuses the GConsent?, FIBO? and DPV3 ontologies
*  Provides common understanding between all entities in the CampaNeo project

e Supports the interoperability, traceability and transparency of data processing

&
o c Cormey |
\ (]
N @ Storage
Se. ket Metrics

Axiom
Logical axiom count
== — Declaration axioms count
Class count
e Object property count

e
ot Data property count

>

T Annotation Property count

Class axioms

SubClassOf
EquivalentClasses
DisjointClasses

Hidden GCI Count

Object property axioms
SubObjectPropertyOf

e,
\\ * 0 Requested

R

' NotRequested

[QAc;we ] [QNo“tAche ]

WAGENINGEN 1 http://openscience.adaptcentre.ie/ontologies/GConsent/docs/ontolo
UNIVERSITY & RESEARCH 2 https://spec.edmcouncil.org/fibo/ontolo;

3 https://w3c.github.io/dpv/

;\1\\

~ANTA

CAMPA NEO

consent. telematics. campaigns!

696
290
224
166
42

12

171

24

The CampaNeo Ontology and Metrics
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v ) owl:Thing
v () Agreement

vVVYyYVYYY

>
>
>

>

£ About

) contract

" contractual element
) DateTimeStamp

@ Language

@ location

£ Name

@ Proof

@ term sheet

) Campaign

& About

@ CampaignController
@ CampaignCreator
@ Duration

@ End

£ Name

) Purpose

) RequiredData

@ start

) Consent

>

@) ConsentSubject

@ ProofOfConcent
) ReasonForConsent
@ Status

) Data

() Organization
() Processing
() Storage

o

18


http://openscience.adaptcentre.ie/ontologies/GConsent/docs/ontology
https://spec.edmcouncil.org/fibo/ontology
https://w3c.github.io/dpv/
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The CampaNeo User Interface (UI):
Consent Request

A cross-platform tool/web application for informed consent management (e.g. allows requesting, giving and revoking consent)
* Improves user experience (ease the comprehension of consent)
* Breaks down formalities (e.g. complex privacy policies written in legalese)
* Increases transparency regarding data processing
* Uses gamification to raise awareness about data sharing

Your Vehicle Your Active Campaigns
Forschung Naturschutz an Straien

Plefier Group

Vel voluptatibus et saepe dolor. A pariatur rerum ea quam. Sequi accusantium conseguatur quis magni. lure
voluptas aut ea nostrum gul et reprehenderit.

Et saepe lure laborum unde suscipit libero consequatur voluptas. Beatae explicabo qul facere eos labore
omnis ut. Alias adipiscl accusamus. Enim guaerat nihil ut nihil consequatur et laudantium dicta earum. Omnis
Iste sed et aliguam.

“ew camnaigns c”ntrin“lnr Pninls e:::::: I::l::lsns:mlal::::n;:ﬁl;l‘l::::“; l;?al:: ducimus quia guis sint omnis non atque. Qui dignissimos Iste dolores

# Peter Gateway 8300, Gayland. Madagascar
. 861.501.9913 x402
2 Loraine23Chotmall.com

CONTINUE DECLINE

CampaNeo Ul's Main Screen Campaign Description Dialog

Live Demo
WAGENINGEN
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https://stiinnsbruck.github.io/Campaneo-UI/build/web/index.html#/

The CampaNeo User Interface (UI):
Consent Request — Evaluation Results

Research Questions:

*  "Does a graphical visualisation of an informed consent request via Ul help raise one's awareness?"
* Yes! "According to GDPR, | have the right to..." - 82.55% average correctness

*  "Do incentives affect one's willingness to consent?"
*  Yes! 81.9% are motivated to engage in campaigns
* Yes! 63.7% feel inclined to recommend CampaNeo to others

Time-consuming
Complex

Hard to use
Annoying
Frustrating
Organised 15 (75%)
Effective 14 (70%)
Valuable
Flexible

Innovative

0 5 10 15
Design survey feedback
| feel more confident in my knowledge of GDPR

| understand what giving consent means. | find the incentives attractive and tempting.

@ Strongly @ Strongly @ strongly
Agree Agree Agree
® Agree @ Agree @ Agree
@ Disagree ® Disagree @ Disagree
@ Strongly @ strongly @ Strongly
Disagree Disagree Disagree

72.7%

59.1%

Increaséd cd iden\pel /ﬁh@uérykkzmllegggo
UNLYBRSITY 5 RESEARCH

Evaluation results of the consent comprehension Overall satisfaction with incentives

12
10

o N B O @

VOLKSWAGEN
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| feel motivated to participate in a campaign.

1 2 3 4
Motivation to participate in a campaign. 1-the most
disagreeable, 4-the most agreeable

20
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The CampaNeo User Interface (UI):
Post-Consent Visualisation of Data Flows

* Visualisation of what happens after consent is given
Live Demo

* Provides transparency of data sharing

@ ° Green Future
Highway Tirol - i
& GPS (retrieved on 2021-01-11T08:48:00) University of Innsbruck

Speed (retrieved on 2021-01-11T09:01:00) Volkswagen
Fuel (retrieved on 2021-01-12T09:02:00) Volkswagen
GPS (retrieved on 2021-01-12T08:35:00) University of Innsbruck
Fuel (retrieved on 2021-01-12T09:05:00) Volkswagen

For more details:

Bless, C., et al. "Raising Awareness of Data Sharing Consent

WAGENINGEN Through Knowledge Graph Visualisation”, Studies on the Semantic
s EEmE Web, Volume 53: Further with Knowledge Graphs. 10S Press, 2021. 44—57.21


https://stiinnsbruck.github.io/CampaNeoViz/campaign_network_d3/dist/index.html

The CampaNeo User Interface (UI):
Post-Consent Visualisation of Data Flows

Research Questions:

* "Can we raise legal awareness of the data sharing process through transparent visualisation?"

*  "Does the tool make the data processor more trustworthy to users?"

Before use test
1. Would you agree to share vehicle data like GPS location, speedometer data or fuel gauge

readings with certain companies?

16% 12%

® Yes

@ Yes, but only certain selected types of data
@ Probably not

@ Never

After user test

2. Would you agree to share vehicle data like GPS location, speedometer data or fuel gauge
readings, if you had the tool available to control the sharing activities?

& UNIVERSITY & RESEARCH

@ Yes

@ Possibly

@ Possibly, rather than without the tool
@ Probably not

@ Never

The graph helped me understand what happens to my data.
27 responses

VOLKSWAGEN

AKTIENGESELLSCHAFT

@ strongly agree
® Agree

@ Neutral

@ Disagree

@ Strongly disagree

| can easily see what happened to my data at a specific time.

27 responses

@ Strongly agree
@ Agree

@ Neutral

@ Disagree

@ Strongly disagree

22



Data Sharing Contracts — Automatic Contracting Tool
(https://smashhit.eu, Twitter: smashHitP)

Contract Management (Based on Knowledge Graph)

1. Contract
Request/Offer

e Web portal (e.g.
samshHit Automatic
Contraction Tool (ACT))

2
Negotiation

Parties (e.g. persons,
organisation, software
agent)

Considerations (Purpose,
value etc.)

Terms and conditions
(e.g. Amendments, data
protections etc.)
Defining Role (data
controller, data
processor)

Obligations

UNIVERSITY & RESEARCH

g WAGENINGEN 15,q4eer, A.; Kurteva, A.; Chhetri, T.R.; Ahmeti, A.; Fensel, A. Automated GDPR Contract Compliance Verification

Using Knowledge Graphs. Information 2022, 13, 447. https://doi.org/10.3390/info13100447

3. Approval
and Signing

Approval from both
parties

Written document
Electronic signatures
(maybe later digital

signature)

Creation date,
expiration date
Effective, end dates
Contract status
Obligation states which
define by terms and
conditions and use in
the performance of the
contract.

5.
Auditing/Con
trolling

Update contract status
like signed, expired,
terminated etc.

Update performance
states

Breach of contracts
Notified the contractors
about the breach of
contract.

6.
Terminatio
nf

Renewal

Termination or renewal
of contracts.
Obligation states
moves to their initial
states (e.g. inactive)
Personal data will be
deleted on termination

smashHit

23



https://smashhit.eu/

Contract Semantic Model e

Agent Role Status Consideration | [Terms & condition TimeFrame
.
. . Organisation Data Controller Created Description Amendments. +validity EffectiveDate
S SI r I aS I e u Software Agent | | Data Owner Signea unit Data Protection Greationat
. " y Person Data Processor Pendding Value Limitation On Use EndDate | Lgccuroutsi de
Data Provider Expired Certified Code WMethod Of Notice ExpirationDate
Contractor || Terminatea C Type| | -
. -
]
witter: smas T T = o
]
Obligation i ———— [ NonPerformance
; Perform:
! UnAcceptedEvent: PerformanceEventType
| State:
] InitialState: ilure:
FinalState: PerformanceState ViolatedObligation - Obligation
Boolean LimitforRemedy
ObligationType
Obligationstate o f \

smashHit s “ “ﬁ"""'

smashHltCDre
hasContractType

P rdfssuhCIasst
. smashHitCore:. -=
—==  inMedium Sl'l'lﬁShHltGDI'B

— " ) _.hasTelephone

T L smashHitCore:
e .. . i hasContractor™===%{  Agent  ‘--=-- geonsent: _
smashHitCore: smashhitCore: hale'umumDurstiDn ! hasRole ~
hasExplrahunDate alﬂate'l'me hHitCore:

hasTermsAndConditions m““'tc“re

:Q---NESUbEIE ____-

From our smashHitCore ontology

24
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Contracts Compliance Reasoning
(https://smashhit.eu; Twitter: smashHitP)

L

® Automatic detection of contract conflict/breach (based on obligations): SmaShH |t

* Validity of contracts
* Fulfilment of obligations

* Contract expiration, termination and renewal

* Automated rule-based reasoning

Contract

Term

Description

Start Date

End Date

Party

New Contract Obligation

1

| Payment Terms

| Obligation to pay |

|2022-02-22 |

[2022-02-25 |

Tim

* (e.g. IF {(contract status="signed”) THEN {(contract cannot be modified)}.)

* Automatic updates of contractors through notifications

Contract ID

* Compliant with License

* Licensing digital assets (e.g. Digital contracts)

* Support the automated clearance of rights using DALICC?

WAGENINGEN
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1

1
1
1
2

Obligation to pay Brade Payment Terms Pending
Obligation to deliver Scott Delivery Terms Pending
Selling data to third party Scott Payment Terms Pending

selling data to third party Brade Payment Terms Fulfilled

Obligation to pay Tim Payment Terms

1 https://www.dalicc.net/

25
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Outline

" On Semantic Technology

® Semantic Web

e Knowledge Graphs

e FAIR Data

e Data Access: Licenses, Consent, Contracts
®" Linking Healthy Food and Linked Data

e F[ood in Knowledge Graphs and FAIR Data

® Need for Behavioural Change

B Qutlook
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How healthy are bananas?

bananas calones

O Al ElBider O Shopping S News Q Maps I Meh

& (0,64 Sekunaen)

Banane / Enengie

89 Kalorien

Tvp

Bananen 100 Gramm

waw.healthline.com » nutriton « Diese Sedte Ubersetzen
How Many Calories and Carbs Are in a Banana? - Healthline

16 — A medum-szed banana contans 105 calories, on averape However. different
zes of bananas contain varying amounts of calories Below are

vwaw healthiing com > nuinbon ~ Diese Sede wersetzen

Are Bananas Fattening or Weight Loss Friendly? - Healthline
G — Bananas Are High in Fiber, Bul | ow in Calories Calorie for calorie bananas
contain # lof of fibes Oné medum banana proviies around 12% of

10 05 2¢

waw. caloneking com » foods » ca « Diese Sefle ubersetzen
Calories in Bananas, raw | CalorieKing

There are B0 calones in 1 smail [55 oz wih skin, 6% long] (3 5 az) of Bananas raw You'd

need 1o walk 25 minules 10 buen 89 calories Visil Caloneking 1o see
Protein: 1.1 g
Fiber:2cg

waw nuArtionix com » food » ban  ~ Diese Selte ubersetzen

Calories in Banana - Nutritionix

Banana Nutrition Facts Banana. Serving Sze: medium (7 fo 7-7/8" long) (118g grams)
Amount Per Serving. Calories from Fat 2.5 Calories 105 % Dady Value

veww vervwedifil com » are-t 2w Drese Seite ubersetzen

Einstelungen  Suchiller

(Note linked open data & knowledge graphs!)

2 =l

Banane <

Obst

Aus cem Engischen Obersetzt - Eine Banane Ist eine langlche,

essbare Frucht - botanisch ene Beere -, die von verschiedenen
Arten grofRer krautiger Bitenpfianzen der Gattung Musa prod
wrd n eingen Landem konnen zum Kochen veswendete Bana

Als "Kochbananen” bezeichnet werden, was sie von
Desseribananen unterscheide! Wiipeda (Englisch)

Lrspringlehe Beschveibung suliuten v

Nahrwertangaben
Bananen
Cuslen LUSDA

Menge pro 100 Gramm
Kalorien 89
Fettgehatt 0.3 g
Gesattigte Fettsduren 0.1 g
Mehrfach ungesattigte Fettsauren 0.1 g
Einfach ungesattigte Fettsauren 0 g
Cholesterin 0 mg
Natrium 1 mg
Kalium 358 mg

Kohlenhydrate 23 g



Making discoveries by following links, or how to create near-zero CO2 emission diets

Global greenhouse gas emissions from food production S World
in Data

® Food production accounts for ca. 26 % of greenhouse gas Global Emissions
. . Supply chain
emissions, food waste for ca. 9% (2021 Food Waste Index report, UN) 8%
® We want to make diets more sustainable and adapting to " T
climate change N 31% _
. :
£
® Food data is mostly not transparent and not actionable 5 Crops foranirai o
" We will bring in explicit semantics to the data, interlink zroe
different diverse disperse data sources and reason basing I
on them, enabling making of better decisions gl - M
_g Land use for Ivestock 24%
®  Contributions to climate change, food data infrastructures, -

artificial intelligence and data science

. . . . : An apple
® Collaborative project in WUR climate change investment

theme: WU (WDCC, CHL,..), WR (WBFR,...)

0 COze plucked from the garden

32g CO.e local and seasonal

80g COze shipped, seasonal

290g COye shipped, out-of-season, frozen

® We look for: relevant data providers, food, sustainability,
@WAGEN,NGENproduction, logistics expertise,..

UNIVERSITY & RESEARCH

Apples are low-carbon food wherever they
come from but local and seasonal is best2

®.

The statement above seems obvious and incontrovertible.
But to give yvou an idea of the complexity and uncertainty

of calculatmg carhon footprints, consider this. A New
L P D [ ) T S [ . U (R LN I SR (R



Application example:

to eat”

Mike Berners-Lee
- professor and fellow

of the Institute for Social
Futures at Lancaster
University, UK

- brother of Tim-Berners

Lee (inventor of the Web)

WAGENINGEN

UNIVERSITY & RESEARCH

sustainable and healthy food... or "what

NEW EDITION - UPDATED AND EXPANDED

Food production accounts for ca. 26 %

Torrific! | can’t remember the last
time | read 2 book that was more

of greenhouse gas emissions, food

Pty
BILL BRYSON waste for ca. 9% (2021 Food Waste Index report,
Y &
An apple

0 COze plucked from the garden

32g COze local and seasonal

8og COze shipped, seasonal

2090g CO.e shipped, out-of-season, frozen

THE CARBON FOOTPRINT
OF EVERYTHING

MIKE BERNERS-LEE

Apples are low-carbon food wherever they
come from but local and seasonal is best2

The statement above seems obvious and incontrovertible.
But to give you an idea of the complexity and uncertainty
of caleulating carbon footprints, consider this. A New
Zealand university study claimed to have found that their
country’s apples exported to the UK market had a
footprint of just 185g COue per kilo — significantly lower
than UK apples for local consumption, which came in at
271g per kilo.3 The argument was that UK production
entailed greater use of fossil fuels on the farm and
required more cold storage. The study also pointed to the



Developments with relevant, data, semantics and

wve.health.gov.au/initatves-and-programs/rescarch-data-infrastructurc-initia

research data infrastructures are many .- 0 &

=
~ e o
(\* /1\; recipe ingredients oliebollen X | %&i« Australian Government

IR ET Deportment of Heslih

2 Ale B Bader Q shopping BB News [ Videos  § Mehr Einateungen  Suchfiter
Home Health topics Initintives and programs Resources
Ungefshr 236 000 Ergebnisse (0,69 Sekunden)
wwiw.thesprucesats.com » Dulch Feed » Dutch Desserts Heme s Initiatives and programs
Old-Fashioned Dutch Doughnuts (Oliebollen) Recipe
12.09.2020 — Ingredients - Steps 1o Make It - Prepare the Yeast Dough - Fry and Research Data Infrastructure initiative
Serve the Oliebollen.
i Bewertung: 4 - 119 Ergebnisse - 50 Min. - Kalonien: 133 The Research Data Infrastructure initiative will fund the creation or
extension of national research data infrastructure with a focus on data
Rezepte registries, biobanks and data linkage platforms to support Australian
medical research. It will provide $80 million over 8 years, starting in
2020-21.

(RO IR

Tl

Cultural Origin T Consumer Group

z x 5 5 sa
Echte hollandische Oligbollen Old-Fashioned Dutch Food Transformation Process Physical State, Shape or Form
liebollen Tei ialit.... (Hollandisches... Doughnuts (Oliebolien) has quality has consumer
Kochbar de Pinterest The Spruce Eats . X
14 Keine Rezenssune ar 1119) isa isa sa output of / has qualty
30 g / l \ / Organism Taxonomy
Cooking  Preservation  Treatment
. Process Process Process Food Product has narrow synonym;
V. Mehr anzeigen / denves from; has taxonomic identifier
adjacent 1o develops from part of I
~
www.allrecipes.com > ... » Bread » Yeast Bread Recipes Food Contact Surface surrounoéd by Food Source
i §i * has food U
Oliebollen (Dutch Doughnuts) Recipe | Allrecipes ol sitieos St
Ingredients - 1{0.6 ounce) cake compressed fresh yeast - 1 cup lukewarm milk - 2 . analog s"as '00!:0
B 7 cups all-purpose flour - 2 teaspocns salt - 1 eqg - % cup dried currants - % cup ... Food Container or Wrapping a,fam
Bewsriung: 4,3 - 50 Ergebnisse * 2 Std. 8 Min. - Kalorien: 269.8
Food Packing Medium Part of Plant or Animal

honestcooking.com » oliebollen-tr... ~ Diese Saite Gbersetzen

Oliebollen -Dutch Doughnuts Recipe - Honest Cooking

- FoodOn: https://foodon.org — integrated with life science ontologies, such as the Gene

Ontology
WAGENINGEN- Food Taxonomy (WUR): http://www.foodvoc.org, AgroVoc, and many other ontologies
- Research data management initiatives in the EU and world-wide (CERN, Open Data Pilot)



https://foodon.org/
http://www.foodvoc.org/

Research Data Infrastructure - Example

®  Comfocus project: https://www.youtube.com/watch?v=tLOy0zE1E4Y

O 8 https://twitter.com/ComfocusP?ref_src=twsrc” tfw|twcamp”embeddedtimeline|twte

« COMFOCUS project

7 Tweets

r COMFOCUS project @ComfocusP - Feb 24

presentation video - »@ B COMFOCUS community on food consumer
science youtu.be/tLOyOzE1E4Y via @YouTube

)
o youtube.com

' Q ‘ COMFOCUS - Community on Food Consumer Scie...

The COMFOCUS project, funded from the European
m Union’s Horizon 2020 research and innovation ...

WAGENINGEN
UNIVERSITY & RESEARCH © = 2 ¥ s

&


https://www.youtube.com/watch?v=tLOy0zE1E4Y

How do we derive knowledge out of data?
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Food & Health Data
Infrastructure Architecture -

Way tO GO - = Restaurants = Virtual
Software and of the future buffets and
tools doelle = Mood rooms SL_lperm.arkets _
(machine learning, Ethics = Sensory labs . Vlrtual_ intervention
artificial = MRI modeling tools

management

intelligence) "
tools

Protein accelerator

= Policy intervention

modelling tools

= New sensors, apps,
wearables

= Food frequency
questionnaires, 24h
recall

Data access layer: APIs, SPARQL, GraphQL,...

o

pe— Storage

Tiering @
Gompliance

iRODS

CAPABILITIES

ta providers

Semantic Annotation

= Provide (anonymised)
data and metadata

= Provide semantic
descriptions of domains

= Select and use
standards, URIs

= Select, use, develop
ontologies (domian,
middle, upper level)

“NINGE

é UNIVERSITY & RESERtTIan data

providers

= Align food, health
and consumer
behaviour
ontologies

= Link data

= Represent data as
(research)
knowledge graph

Food, Health &

Environment Data

Purchase

Preparation

Dietary intake

Food composition
Environmental footprint
and life cycle analysis

FAIRification

= Identify the needed
level of FAIRness

= Add relevant FAIR
metadata and
characteristics, f.e.
information on
license, provenance,
consent, contract/use
conditions

Data input layer: APIs, visual editors, harmonisation tools,...

= EUROFIR

= Quisper

= ENPADASI

= EOSC

= Other data platforms e.g.
Apple Health, Google

g ¢

Usage and Deployment

Define viable
business/motivation
model(s) for data
ecosystem

Define and set
behavioural change data
mangement practices
Define and implement
protocols and processes

Adjacent Infrastructures

ELIXIR
ECRIN
BBMRI
METROFOOD
Comfocus

M

Human data

users




Example: Easier Access to the Data
Translating from machine to machine

Universidad de Alicante Browse About sign in

Search ACM Digital Library ‘ Q

Journals Magazines Proceedings Books SIGs Conferences People

Conference  Proceedings  Upcoming Events  Authors  Affiliations  Award Winners

Home > Conferences > SAC > Proceedings > SAC '22 > GraphSPARQL: a GraphQL interface for linked data
RESEARCH-ARTICLE

¥ing f
GraphSPARQL: a GraphQL interface for linked data

SAC '22: Proceedings of the 37th ACM/SIGAPP Symposium on Applied Computing « April 2022 « Pages GraphSPARQL
778—785 « https://doi.org/10.1145/3477314.3507655 . ] ‘ [ RDF —
provides (optional) | g?{:g:gﬁ creates RDF DB
Online: 06 May 2022 Publication History i Gt Harvester
190 710 a LI &) eReader i gets dbjects RDF
m - m User uses from sends DB
sends | GraphiQL | —— M— SPARQL
GraphaL | Interface translates queries to
queries to | (optional) Parser & | queries for|  query
Formatter Processor RDF
[ s | B DB
sends provides
Graphal [ el ) I sends SPARQL
WAGENINGEN Usfs us+es results to
UNIVERSITY & RESEARCH I T .
H GraphQL .Net ‘ H dotNetRDF ‘




Societal dimension — Roadmapping activities

Construction of Big Data research roadmaps at EU and national level
(projects OntoCommons, BYTE, BIG, KnowledgeWeb)

Technology in Society 54 (2018) 74-86

O N To DATA DOCUMENTATION Contents lists available at ScienceDirect .
FOR INDUSTRY COMMONS T;"L'.|".'|ﬂ]‘?'ﬂ!'
COMMONS S
Technology in Society
journal homepage: www.elsevier.com/locate/techsoc
www.ontocommons.eu
-> i . . . .
adoption of ontology The societal impact of big data: A research roadmap for Europe )
technologies _ ) e
Marti Cuquet’, Anna Fensel
Semantic Technology Instimute, Deparmment of Informatics, University of lnsbruck, Technikersrafle 21a, 6020 Innsbruck, Auseria’
ARTICLE INFO ABSTRACT
Keywords: With its rapid growth and increasing adoption, big data is producing a substantial impact in society. ts usage is
Big data opening both opportunities such as new business models and economic gains and risks such as privacy violations
Res:earda rn.a.dmnp amd discrimination. Europe is in need of a comprehensive strategy to optimise the use of data for a societal
WAGENINGE N SDF'm] ejxterm1 Ities benefit and increase the innovation and competitiveness of its productive activides. In this paper, we contribute
Sidlls dmtalc-_pmem to the definiion of this strategy with a research roadmap to capture the economic, social and ethical, legal and
UNIVERSITY & RESEARCH Standardization

political benefits associated with the use of big data in Europe. The present roadmap considers the positive and


http://www.ontocommons.eu/

Outline

" On Semantic Technology

® Semantic Web

e Knowledge Graphs

e FAIR Data

® Data Access: Licenses, Consent, Contracts
® Linking Healthy Food and Linked Data

e Food in Knowledge Graphs and FAIR Data

e Need for Behavioural Change

B Qutlook

WAGENINGEN

UNIVERSITY & RESEARCH



Ongoing Al and Data Science research

1.

Data Sharing: Intelligent Data Value Chain Production and Consumption Ecosystems. Enabling
automated exchange of the information across systems (handling of semantic interoperability, consent,
contracts/monetization, privacy). For:

1. research data, platforms, infrastructures,

2. industrial data for the applications creation, such as in the domains of food, health, consumer
understanding, behavior intervention...

Combining Symbolic and Sub-Symbolic AI: Hybrid Methods based on Knowledge Graphs, Data
Analytics and Machine Learning. Making the sensor, image and stream data understandable and usable -
f.e. processing and understanding of image data of food, or of large humbers of events e.g. movements at a
supermarket, or events on social media, survey results, also applying meta machine learning tools like
Autokeras, h2o0.ai, decision making systems combining symbolic and sub-symbolic reasoning.

Responsible AI: Visualization of Data, Behavioral Change and Explainable AI. Data visualization and
communication techniques based on semantic technology, specifically in applications allowing end users and
the researchers to understand the data and system/algorithm complexity, make data more FAIR, make better
decisions - e.g. which food to consume to be more sustainable and healthy, also taking into account the data of
the researcher or end user, such as the data about previous nutrition, medical conditions.

WAGENINGEN

UNIVERSITY & RESEARCH



Collaborations and broader picture

" Data sharing

e Domains such food, health, biotechnology, production,
sustainability, any research infrastructures in need of FAIR
data

e Open science, research knowledge graphs e.g. WUR open
research knowledge graph (WORKG)

" Combining Symbolic and Sub-Symbolic AI: computer vision -
robotics, farms, environment...

" Responsible AI: Behavioural change, interventions, consumption,
marketing research, ethics...

WAGENINGEN 38
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Digital Twin (of a Living System)

® Human Sensing - Decision Making Processes

. . . . — Preprocessing, —_— Features — Transm_
and Communication Basing f.e. on health image Enhancement Extraction Algorithms — ——
analysis and measurements, Brain Computer oate Light Colors,

. acquisition 4—71—|31.32? Visualiza:im
Interfaces (BCIs), sensors for physical Motion, I
Animation

characteristics.

% Sounds
< Sonification g
% A Audification

® An infrastructure for semantic transfer of thoughts,

Tactile
. . . Vibration aptic and
body sensory input, health measurements, thinking Frcicl | tctiesimuts <—
. . . i 4| spatial information)
processes and communication directly to the —
Shape,force
Internet would resolve these challenges. Scent
D1 Odors stci)rlliz‘i;?ig‘n <

Pheromgnes

B T e ———
Image credit: RIKEN Brain Science Institute

Fensel, A. "Towards an Automated Semantic Data-driven Decision Making Employing Human Brain",
In Proceedings of the 2nd International Conference on Advanced Research Methods and Analytics (CARMA

2018), pp. 167-175, Valencia, Spain (2018).


http://www.google.com/url?q=http://www.carmaconf.org/wp-content/uploads/pdfs/8338.pdf&sa=D&sntz=1&usg=AOvVaw0p1t-Yznmln1zZfkPBwJo5
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Thank you for attention!
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