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– Coordinator of South African National Grid (9 universities)
– Migrated to SANREN Competency Area in Meraka – Advanced Services for the network

● 2013 – Coordinator : Africa-Arabia Regional Operations Centre 
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– FP7 projects : CHAIN, CHAIN-REDS, ei4Africa
– HP/UNESCO Brain Gain Initiative

http://www.africa-grid.org/


The Scientific Method
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G. Galilei



The Scientific Method
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• Examples of IR: 
• Classical 

Mechanics
• Newton’s 

Gravitation 
Theory

• Examples of DR: 
• General Relativity
• Standard Model 



The “output” of the Scientific Method
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Marked a real Scientific Revolution 
but…

it is the same since almost 4 
centuries!



The Pillars of the Scientific Method
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• Repeatability
• The closeness of agreement between independent 

results obtained with the same method on 
identical test material, under the same conditions 
(same operator, same apparatus, same laboratory 
and after short intervals of time)

• Affected by random errors

• Reproducibility
• The closeness of agreement between independent 

results obtained with the same method on 
identical test material but under different 
conditions (different operators, different 
apparatus, different laboratories and/or after 
different intervals of time)

• Affected by systematic errors



Reproducibility crisis (1/2)

9



Reproducibility crisis (2/2)
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More retractions: 
 >15x increase in the last 10 years
 At current rate, by 2045 as many papers              

 published as retracted
1. Ioannidis et al., 2009. Repeatability of published microarray gene expression analyses. Nature Genetics 41: 14
2. Science publishing: The trouble with retractions http://www.nature.com/news/2011/111005/full/478026a.html
3. Bjorn Brembs: Open Access and the looming crisis in science https://theconversation.com/open-access-and-the-looming-crisis-in-science-14950 

http://www.nature.com/news/2011/111005/full/478026a.html
https://theconversation.com/open-access-and-the-looming-crisis-in-science-14950


Challenges in irreproducible research
(http://www.nature.com/nature/focus/reproducibility/index.html)
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Repeatability and Reproducibility are not all…
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How do e-Infrastructures support the Scientific 
Method?
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Data Infrastructures
Open Access Doc. Repos.

Data Repos.
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Evolution of the Web
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Web 2.0/3.0 technologies
(http://lifeboat.com/ex/web.3.0)
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 Ubiquitous Connectivity:
 Broadband adoption;
 Mobile Internet access;
 Mobile devices;

 Network Computing:
 Software-as-a-service business 

models;
 Web services interoperability;
 Distributed computing (P2P, grid 

computing, cloud computing, 
[…]);

 Open Technologies:
 Open APIs and protocols;
 Open data formats;
 Open-source software 

platforms;
 Open data (Creative Commons, 

Open Data License, etc.); 

 Open Identity:
 Open identity (OpenID);
 Open reputation;
 Portable identity and personal 

data (for example, the ability to 
port your user account and 
search history from one service 
to another); 

 The Intelligent Web:
 Semantic Web technologies 

(Semantic application platforms, 
and statement-based datastores 
such as triplestores, tuplestores 
and associative databases);

 Distributed databases — […] 
 Intelligent applications (natural 

language processing, machine 
learning, machine reasoning, 
autonomous agents).”

http://en.wikipedia.org/wiki/Peer-to-peer
http://en.wikipedia.org/wiki/Open_Data
http://www.w3.org/2001/sw/Europe/events/20031113-storage/positions/rusher.html
http://www.w3.org/2001/sw/Europe/events/20031113-storage/positions/rusher.html
http://www.erlang.org/ml-archive/erlang-questions/200606/msg00335.html
http://www.erlang.org/ml-archive/erlang-questions/200606/msg00335.html


Definitions
(http://book.openingscience.org)
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 “Science 2.0 refers to all scientific 
culture, including scientific 
communication, which employs 
features enabled by Web 2.0 [and 
Web 3.0] and the Internet”

 “Open Science refers to a scientific 
culture that is characterized by its 
openness. Scientist share results 
almost immediately and with a very 
wide audience”
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Opening Science
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/Cloud

Open Science Schools of Thought
(http://book.openingscience.org)



Open Science Commons pillars
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• Data: 
• “Data is the subject matter for research. It should be dealt 

with according to the principles of open access and open 
science, while maintaining trust and privacy for 
researchers”

• e-Infrastructures: 
• “The technology and technical services supporting 

researchers, building towards integrated services and 
interoperable infrastructures across Europe and the world”

• Scientific instruments: 
• “The equipment and collaborations which generate 

scientific data, from small-scale lab machines to global 
collaborations around massive facilities”

• Knowledge: 
• “The human networks, understanding and material 

capturing skills and experience required to carry out open 
science using the three other pillars”
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The Sci-GaIA requirements for an Open Access 
Repository
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• Requirements:
• Open source
• Standard compliant
• Well supported
• Scalable up to O(106)-O(107) resources (to begin with) 

• Choice:
• Invenio (www.invenio-software.org) – actual version: 1.2.1 + 

our «add-ons»

• Motivations:
• Fully compliant with OAI-PMH and Marc21 standards
• Co-developed by an international collaboration comprising 

institutes such as  CERN,  DESY,  EPFL,  FNAL,  SLAC and used by 
about 30 scientific institutions worldwide

• ZENODO (OpenAIRE flagship repository), SCOAP3 and inSPIRE
 HEP repositories are based on Invenio

• The CERN Document Server (http://cds.cern.ch/), based on 
Invenio, contains more than 1.3 million documents

• UNESCO and UEMOA are leading an initiative to create a 
virtual library based on Invenio in 8 West African countries

http://www.invenio-software.org/
http://www.zenodo.org/
http://repo.scoap3.org/
http://repo.scoap3.org/
https://inspirehep.net/
https://inspirehep.net/
http://cds.cern.ch/
http://cds.cern.ch/
http://www.unesco.org/new/en/dakar/about-this-office/single-view/news/a_virtual_library_for_8_uemoa_countries_under_discussion_in_dakar/#.Vc7c1PRRQ5z


The Sci-GaIA Open Access Repository
(http://oar.sci-gaia.eu)
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Resources can be:
 Manually uploaded
 Automatically 

harvested and 
ingested from 
external sources



Alternative reputation systems: possibility to add 
researcher ID’s
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(Single) resource upload and DOI registration
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Examples of (cross-referenced) resources
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Visibility and compliance
(Full conforming with Open Archive Initiative’s standards)
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https://www.openarchives.org/


Visibility and compliance
(Registered as an OpenDOAR data provider)
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http://www.opendoar.org/


Sci-GaIA OAR can be “cloned” wherever and whenever it 
is needed
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The Africa Grid Science Gateway
(http://sgw.africa-grid.org)

29



CSGF Components
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Grid&Cloud EngineGrid&Cloud Engine

• Administrators
• Power users
• Basic users
• VRC members
• etc,

Users having 
different 
roles and 
privileges

AAIAAI

Portlets

GridGrid CloudCloud HPCHPC
Thanks to the CSGF, the 

interoperability of different          
distributed e-Infrastructures has    
been successfully demonstrated



The Africa & Arabia Regional Operation Centre 
(ROC)
(www.africa-grid.org)
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• Unique entry point to 
explore/monitor the African e-
Infrastructure and/or to join it 
with HPC, Grid and Cloud sites

• Fully compliant with DevOps 
paradigm:

• e-Infrastructure services (IdP, 
SG, OAR, etc.) and 
applications can be 
automatically deployed

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


Some of the SGs implemented with the CSGF



Examples of applications available in the Africa 
Grid SG: 
The TRODAN data repository
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Browser



Examples of applications available in the Africa Grid 
SG: 
The TRODAN data repository
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Viewer



Examples of applications available in the Africa Grid 
SG: 
The TRODAN data repository
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The Open Knowledge workflow: we do know how to 
implement it      … and we are actually doing it!
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The e-Infrastructures discussion forum
(http://discourse.sci-gaia.eu)
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Sci-GaIA Online Courses
(http://courses.sci-gaia.eu)
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Summary and conclusions
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• Reproducibility, re-usability and extensibility, are key 
to walk through the “knowledge path” in both 
directions

• The Sci-GaIA project is committed to the uptake of 
the Open Science paradigm and is building a 
federated platform for an Open Science Commons 

• Research is made more robust, cost-effective and 
impactful when done in an Open Science paradigm.

• Researchers are better evaluated for all of their 
contributions

• Access to e-Infrastructures and the adoption of 
services within the e-Science Commons are crucial to 
improving the visibility and recognition of 
African Research



Bruce Becker:  Coordinator, Africa-Arabia ROC | 
bbecker@csir.co.za 
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What are you waiting for ?
 www.africa-grid.org   www.sci-gaia.eu

 discourse.sci-gaia.eu 

 github.com/AAROC

 @ei4africa

 bbecker@csir.co.za

mailto:bbecker@csir.co.za
http://www.africa-grid.org/
http://www.sci-gaia.eu/

