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Emergence of a Fourth Research Paradigm

1.  Thousand years ago — Experimental Science
- Description of natural phenomena EERfl=

2.  Last few hundred years — Theoretical Science
—~ Newton’s Laws, Maxwell's Equations... ¥ 5 i 5

3. Last few decades — Computational Science
- Simulation of complex phenomena & 14 =2
F— R
4. TDdEy — Data-Intensive Science
- Scientists overwhelmed with data sets
from many different sources

. Data captured by instruments P A R A D I G IVI
. Data generated by simulations R e e R A SRS L
. Data generated by sensor networks : IVE SCIENTI

» eScience is the set of tools and technologies
to support data federation and collaboration

. For analysis and data mining
. For data visualization and exploration
- For scholarly communication and dissemination

This work is licensed under a Creative Commaons
e Attribution 3.0 United States License.
N " P,




HIERIBTET ST —ED0E
A Digital Data Deluge in Research

« Data collection 7—%uuss P

— Sensor networks, satellite
surveys, high throughput
laboratory instruments,
observation devices,
supercomputers, LHC ...

SensorMap
I = - 572 Functionality: Map navigation
* Data pro CESSI ng! 7 97]“ I ﬁ**ﬁ Data: sensor-generated temperature, video

E'lna|y3IS, V|Sual|zat|0n -aJtH1t camera feed, traffic feeds, etc.

— Legacy codes, workflows,
data mining, indexing,
searching, graphics

* Archiving 5—#{&76

— Digital repositories,
libraries, preservation, ...

This work is licensed under a Creative Commons Scientific visualizations S
: Attribution 3.0 United States License. NSF Cy’bEI'Infl'aStruc[ure reoort Hbrch 2007

R P /m.




Helmholtz Data Federation
SRS

Helmholtz Data Federation (HDF) AS!I

® [nitial set of scientific cases e et
|d en tlﬁ ed by th es | X - Virtual Observatory for Polar and Maring Research Data

Helmholtz partners

- Particle Physics Experiments

[4 - Photon Sclence at Petra Ill, Flash & Flash 2
¥ - Helmholtz Beamline @ EU-XFEL

B Reviewer statements:

® “Sharing of infrastructure, services 18 - Genome Research

- Cohort Studies

and dataSEtS OpenS the Way fOI' \ ¥ - Radinlngiral and Radiotharapesitical Resrarch |
improved cross-disciplinary ;
working and re-use of data.” I - Computational Science
« . - - Biomed Image Analysis
| “ _will be afirst example of a gy - oicPlantData
national shared research data '
infrastructure in Europe.” 3 “FAR

- i = Nuclear Physics
\ - Health & Life Science

T - Climatalagy
- EnergyResearch
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European and Mediterranean Plant Protection Organization
Organisation Européenne et Méditerranéenne pour la Protection des Plantes
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* EPPO Global DB & EPPO codes
* EPPO Standards on Efficacy

Evaluation of Plant Protection
Products

* PQR - EPPO database on

guarantine pests

* EPPO database on Diagnostic

expertise

* CAPRA (Computer Assisted Pest
Risk Analysis)

* EPPO Pest Reporting System
(restricted access)

* EPPO Plant Protection Thesaurus

(EPPOIZ#E)

* EPPO Standards on plant
protection products (312#£)

* EPPO Standards on phytosanitary
measures (1042 #£)



NFFA-Europe 5 nffa.eu

nanoscience foundries & free analysis
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Automated Research Workflow

ARWIEHAE T O RZKIEICINES S, £-. REOBIRELELERT S,
—D1=8, ARWHEED - DIEHRERCIFRIFIMDOARILNHETH S,
ARWIE. ENBFOMEELCT—47071v a3 ILDBE (F—LY AT

R ERBEET D=0 EHREMREMETH I 210 T ITNBETH S,

Sl ENFHROEENE . A ECKMTHREDRFERNDETH S,

ARW Components and Context

Workflow
i . Algorithms Data Storage
Tools vy
Compute
(metadata, Infrastructure

provenance)

Transparency Responsibility Repositories

Reproducibility Policies Best Practices

Data & Metadata Management

 NATIONAL
\ ACADEMIES

Automated Research ~
Workflows for
Accelerated Discovery

Closing the Knowledge Discovery Loop

Consensus Study Report

National Academic of Sciences, Engineering, and Medicine: “Automated Research Workflows for Accelerate Discovery: Closing the
Knowledge Discovery Loop”, The National Academic Press, 2022. Available: https://doi.org/10.17226/26532




ESFRIICE T De-M12TTNDESR

A lot of the research infrastructures
are really data infrastructures or
networks that bring together
datasets from existing facilities or
large single-sited infrastructures
that generate very, very large
amounts of data. It is no longer
possible or sensible to simply look
at the facility without also

ofessor John Womersley BIESFRIZEE John Womersley considering the data handling.

The emerging “e” component of
research infrastructure

1 ESFRI: The European Strategic Forum for Research Infrastructures

> BRI W( BLTHBRHICE G EEL TSI ISI1CD
NCHINEEEE RS 5. BT ENDR=| A

NordForsk, “The emerging “e” component of research infrastructure,” 2016.10.2.

<https://www.nordforsk.org/en/news/the-emerging-201ce201d-component-of-research-infrastructure>
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NIl Research Data Cloud
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TEAM SCIENCE WORKFLOW PROCESS
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National Academic of Sciences, Engineering, and Medicine: “Automated Research Workflows for Accelerate Discovery: Closing the

Knowledge Discovery Loop”, The National Academic Press, 2022. Available: https://doi.org/10.17226/26532
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Citizen
33 or provides

Consumes, proces
data through mainly general-public

oriented services
EOSC Enabler
Consumes EOSC services &
ns ard coordinates
dlhﬂﬁﬁlwlﬂfﬂwl‘i

T—A0ML BHTIZHEHD
F—4707xviatiL

Policy Maker

Brovtes dacs through.
provides da
discipline-specific serdices

T—AOHE - DEEICERDS
F—47Aa7JxviatiL

Researc
Software Engineer
Conswmes and contribukes with
EOSC-Core & EQSC-Exchange services

Data Rl Support Data Steward/
Professional Data Librarian

Comtributes with EOSC 1 Prepares and harsdles FAIR data
resources ard EDSC-Core services and maintains data and metadata

F f
Trains BOSC actors on policies,
procedures and services

Discipline Specific

ICT-Specific Library & Infarmation Screnue ;
' Conducting Research

Developing Software Understanding Data General Public

Figure 6.1: Actors in the EOSC ecosystem: roles and interactions

European Commission, “Strategic Research and Innovation Agenda (SRIA) of the European Open Science Cloud (EOSC)”, Version 1.0 21 June 2021

https://eosc.eu/sria
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Nature, “Why science needs more research software engineers”, 2022. Available: https://www.nature.com/articles/d41586-022-01516-2
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Creating a world-class environment for
21st century discovery

UCT eResearch partners with research groups to accelerate and
transform research, connecting them to the most appropriate
hardware, software and services to sustain that capability

Collect i Compute 8 Ccomprehend

| Collaborate L Communicate i Customise

UCT eResearch Overview for IT Managers — 12 May 2015
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IEEREL AR A— DVC-Research

ICTS * Leadership

* Governance The Library
» Data Storage « Strategy T
sCompute o Resourcing * Research visibility &

* Cloud discovery

« Networks Eﬁ%?ﬂ % EEE * Research data

management

Colelcapabilityipalrtnerships

Research Office eResearch
» Advocacy

« Collaboration Centre

Faculties

* Various capabilities

#Er=——XIZ 7o . B T
e MER-HIX

Capability delivery

UCT eResearch Overview for IT Managers - 12 May 2015 University of Cape Town |

https://www.slideshare.net/eResearchatUCT/uct-e-research—it—-managers
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Australian Research Data Commons (ARDC)

> ARDC: T—ARICEAET HIZEPRAT )L AREBEEHETAHEICKY .. EMAEIZ2=ToLEER
DWAEFHEF A DRITHEEXZBHIEL T, 2018F(ZRESN D,

> SMIREE RIS E ARELAR (NCRIS) D—EELTRIE T 5N, 2021 FEDFEIL39105 =R L,
s PIHREEERICH—ERFRHL. ESMOMR T —2 R Ve- U —FDEEHEMEZRET S,

STRATEGY PURPOSE MISSION
To provide Australian To accelerate research and innovation by
researchers with competitive driving excellence in the creation, analysis

advantage through data. and retention of high-quality data assets.

E PEOPLE e‘éﬁ? PLATFORMS ¢} STORAGE
32 & POLICY & & SOFTWARE L@J & COMPUTE
EOSC&EST
Connecting the ARDC Accelerating research Maximising the Providing foundation — ZFI’:I:E}’)[,T:‘#\B
L insights and supporting value of Australia’s infrastructure —
* ‘Commuricstions S collaboration data assets - To—— H f&?l‘%"
= Engagements . " \
Sk'glJI g&w i = Platforms for = Data Assets & Computing Cloud
= Skills orkforce . )
Development Analysis & Curation « Information = Data Retention
» Research Software Infrastructure
« Data Policies
= Data Capability

J J W 4

AUSTRALIA’S NATIONAL RESEARCH DATA COMMONS

https://ardc.edu.au/about-us/our-impact/
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European Open Science Cloud Objectives Tree eosc-gov [ el G

EOSC-Core Prepare Grow
Public & private sectors do not Researchers do not combine and _ National, European and global Federated _-
PROBLEMS exploit Open Science for improving build upon ever-growing available infrastructures do not share Open Infrostructures
quality and productivity of research scientific results Science standards and practices
EOSC-Exchange --
y b (v p— —
Wider Public Sector -

Absence of incentives, rewards and Scientific results are unfindable, The scientific landscape consists of Privote Sector -
skills for open sharing stifles the inaccessible, not interoperable, and national and disciplinary research
2019 2021 2023 2025 2027

uptake of Open Science often used only once silos and infrastructures
w

il

BARRIERS

13t jteration 2" & 31 jterations
OBIECTIVES Open Science practices and skills Standards, tools and services allow il Sustainable and federated Figure 4.2: ic rep ion of timelines of EOSC i
]| are rewarded and taught, becoming researchers toFind, access, infrastructures enable open sharing
the ‘new normal’ reuse and combine results of scientific results
| ] e [ ]
' ' B i ity
Improved trust, quality Development of Improved impact of Funders, Orgonisations and Ministries

and productivity in innovative services and research in addressing
science products societal challenges [ |

Figure 0.1: European Open Science Cloud Objectives Tree

o
T—REAVTSEBEEITTEL, mm Services

RYO—PHARFA0 APaZ2 =T 1R Communities
FEALTWSZEITRSVESHY !

Py

Figure 1.5: Open Science at the crossroads between communities and funders, organisations, and ministries

European Commission, “Strategic Research and Innovation Agenda (SRIA) of the European Open Science Cloud (EOSC)”, Version 1.0 21 June 2021

https://eosc.eu/sria
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