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Cyberinfrastructure:  

A Critical Resource 

… a new age has dawned in scientific and engineering research, 
pushed by continuing progress in computing, information, and 
communication technology, and pulled by the expanding 
complexity, scope, and scale of todayʼs challenges (molecular 
science, weather & climate forecasting, health, geosciences, 
astronomy + open science/innovation/access, internet of 
things). The capacity of this technology has crossed thresholds 
that now make possible a comprehensive “cyberinfrastructure” 
on which to build new types of scientific and engineering 
knowledge environments and organizations and to pursue 
research in new ways and with increased efficacy. 
 

Revolutionizing Science and Engineering Through Cyberinfrastructure 

Blue Ribbon Advisory Panel on Cyberinfrastructure 

February 2003 



Research 

The Knowledge Triangle at Work 

To be genuinely competitive in the knowledge 

economy, one must be competitive at: 

• producing knowledge through research 

• diffusing it through education 

• applying it through innovation 
Colin Wright 

DIRISA Workshop 



 

 

 

Delivering highly 

skilled people to the 

labour market 

Improving the 

performance of 

existing businesses 
 

Improving public 

policy and public 

services 

 

Attracting R&D 

investment from 

global business 

 

Creating new businesses 

Economic  

Impact 

Research Infrastructures 

DIUS ‘Economic Impact Framework’ – May 2007 



Strategic Science  Imperatives led DST into the 

arena 

VLDB / 

DIRISA 

South African 

National Cyberinfrastructures 
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SOUTH AFRICAN 

NATIONAL RESEARCH 

NETWORK (SANReN) 
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Broadband Connectivity: SANReN 

Total investment: R1006.2 m + R600m WACS 
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DST Investment: SANReN  

2010/11 includes R55 m and R64 m for connecting MeerKAT/SKA and SALT sites 



• 204 sites connected 

•  > 1 million users 

•  1100 km: Dark fibre 

•  3500 km: Managed bandwidth 



National network and metro 

networks 



• SANReN: to date, 204 research sites connected; 

• Internet costs to beneficiaries reduced by a factor of more 

than 10 (Before SANReN: 1 Mbps per month – avg R24000; 

SANReN: 10 Gbps per month – R12 000); 

• International: R52000 in 2001 to R1000 in 2015;  

• SANReN network provides world-class connectivity to > 1 

million users (students, academics and researchers) (400 

000 UNISA!) (DHET estimate 1.2m HEI &  >1m FET 

students in future); 

• SKA site connectivity helped secure the bid; 

• SA now able to participate more meaningfully in international 

science projects; and 

• Potential impact on FET Colleges … and Schools? 

 

Impact 



Big Science Projects 

UCT 

Equal Opportunities  

and Access:  
• Quality teaching and learning  

• Competitive and collaborative  

  Research  SKA 

CERN 

SALT 

Rural and remotely 

 located HEIs 

Impact 



 

 

 

Value Added Services:  
 

•  Eduroam (a secure, world-wide roaming access service; 

allows researchers to use wireless networks to access 

Internet for free; 
 

•  Computer Security Incident Response Team (CSIRT) - 

ensuring that SANReN intrusions and abuse of the network 

are avoided; 
 

• Performance focused Service Oriented Network 

monitoring Architecture (perfSONAR) - network 

performance measurement and monitoring 

 

SANReN:  An Enabling 

Infrastructure  



perfSONAR: Good story! 
perfSONAR1 node (Pretoria) was used to troubleshoot 

and identify a problem device in the NASA network 

and apply a fix. Email from Mary Ann Bents of NASA: 

“On behalf of the NASA Goddard Space Flight Center 

project supporting OMB requirements to adopt IPv6 

addressing for our public servers, I want to thank you.  
 

The IPv6 network measurement and monitoring 

services of the SANReN1 perfsonar server were 

instrumental to troubleshoot a major IPv6 performance 

issue between NASA and the global user community. 

We were initially made aware of IPv6 performance 

issues by a user in ZA. We are grateful to SANReN for 

making such a useful network troubleshooting tool 

available for our tests.  
 

It's hard to say how much  time, money and effort 

were saved. With perfsonar it is now much easier to 

identify and isolate network problems like the one we 

experienced. Our experience certainly validates the 

value of perfsonar. 
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Extreme data national 

Science Projects will not 

succeed without WACS 

Light paths (dedicated end-

to-end circuits) are required 

for science 

Sufficient capacity needed 

(TENET’s  SEACOM 

capacity will run out) 

Present redundancy costly 

West Africa Cable System 
 

WACS … Why do ‘we’ need it? 

6/4/2015 
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DST Investment: CHPC 

Total investment: R639.05 m; world-class, national Tier 1 facility 



Investment in HPC Systems 
• Initial processing capability was 2.5 TFLOPS in 2007 and 

increased to 61.5 TFLOPS currently; 
 

• Currently in the process of installing a 1PFLOP system; 
 

• Achieved 92.4 % uptime with utilisation of over 80%; 
 

•  The service provides computing resources to over 700 
researchers per year from all HEIs and some industries; 

 

• There has been a significant growth of publications 
from researchers starting in 2007 with 1 publications, 
and growth of an average of 42 publications per 
annum. In total 315 publications have been produced 
since 2007 to date; 

 

• The center has enabled completion of 74 postgraduate 
degrees (MSc and PhD) from local HEI, through 
provision of computational cycles and support. 

.  
 

 
 

 
 
 



 

“SA crunches into  

the collider data grid” 

 • “Admittance to the particle accelerator reveals our ability to back 

international science experiments” 

• South Africa has joined the computing grid for the largest particle 

accelerator in the world, the Large Hadron Collider (LHC); 

• The collider produces huge quantities of data and this computing 

grid, with facilities at 175 sites in 35 countries and about 250 000 

computing cores, processes this data. 
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08 May 2015: Sarah Wild 

Tier 2 node: 1 600 jobs/day to CERN 



Human Capital Development 

 

 

 

• Annual Student Supercomputing Cluster Building Challenge- 
provides overall HPC skills to undergraduate students: 

 

Past three years >200 students trained during June/July; 
A total of 30 teams (4 students per team) participated 

in the annual national competition in December; 
 In 2013 the SA team (6 students selected from the 

national winners) won the ISC’13 international 
competition, and this title was successfully defended by 
the team of 2014. This was never achieved by any 
country before. 

 

 In partnership with Dell, the national winning team 
receives funding for equipments and also a trip to Austin, 
at Dell Research Laboratories. 
 

• In April 2015, Dell announced its Equity Equivalent Deal of 
over R 120 m- support intake of these students to industry 
and enterprise development, through its ICT Academy.  

 
 
 
 
 
 

 
 

 
 
 



Industrial Programme 

 

 

 

 

 

 Highly scalable methods for 

modelling and simulation 

exploit massive parallelism 

and data locality; 

 New programming models 

and tools for massively 

parallel, heterogeneous 

environments; 

 Application development 

decoupled from processing; 

 Emerging real-time, data-

intensive applications 

require robust HPC 

capability; and 

 Low-energy computing - 

architectural and application 

perspectives. 

Offerings 

 Applications are made to 

scale; 

 HPC is accessible to 

businesses and applications 

of all types; 

 HPC is effectively utilised; 

 Easier to migrate applications 

to other HPC systems. 

Virtual Prototypes 
Boeing reduced 787 

Dreamliner prototypes  

from 77 to 11 

What are the Drivers? 

 

 

 

 

 

• SASOL 

• De Beers 

• Johnson 
Matthey 

• ESKOM 

• XTRATA 

• ECJIV 

• NNR 

• TOTAL 

• MINTEK 

• HATCH 

 

 

 

 

 



Computational building aerodynamics 

for Transnet building, Eastern Cape 
 Port of Ngqura near PE, notoriously 

windy 
 

 Admin and service buildings needed. 
aerodynamic study; 
 

 Efficiently done with HPC & CFD; 
 

 Aerodynamic data used for structural 
design and design modifications to 
improve pedestrian comfort and safety; 
 

 Also asessed wind-blown sand 
concerns. 



DATA  INTENSIVE RESEARCH 

INITIATIVE OF SA (DIRISA) 

• Phase I infrastructure built in 

replication format between 

Pretoria and Cape Town; 

• A total of 2 Petabytes of 

storage linked through 

SANReN and access HPC 

systems; 

 

User portals developed 
 

• http://access.chpc.ac.za  provides services to 

climate modeling groups; 

• http://saeon.chpc.ac.za  Earth observation;  

• http://saaoads.chpc.ac.za  a mirror facility for 

NASA data available locally for astronomy groups. 

Rheumatic heart-disease portal developed 

for medical applications and to form the 

basis of telemedicine applications in the 

center 

http://access.chpc.ac.za
http://saeon.chpc.ac.za
http://saaoads.chpc.ac.za


TOWARDS A  

NATIONAL INTEGRATED  

CYBER-INFRASTRUCTURE SYSTEM 

(NICIS) 



2012 Review:  NICIS 
National Integrated Cyber-Infrastructure 

System VISION:  take national leadership in the provision of a comprehensive Cyber-Infrastructure 
essential to 21st century advances for South Africa in research, education and innovation. 
MISSION: increase knowledge creation through provision of a national platform of 
essential Cyber-Infrastructure. 
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NICIS PRINCIPLES 

• Joint planning and 

budgeting 

• Good governance  

• Visibility of CI services  

• Sustainability  

• Constructive stakeholder 

engagement 

NICIS: TIER 1 

DIRISA Workshop 

Advanced 

Services 

Governance 
Strategy Advisory 

Board 

(Stakeholders, 

principals) Senior 

Management 

User Inputs 



NICIS 2013 Report:  

Key Recommendations 

24 

• Integration of NICIS components within one institutional 

platform; 
 

• Establishment of a fourth component dealing with e-science 

skills development and training; 
 

• NICIS research limited to operational domain; separate data 

science funding programme (through NRF); 
 

• NREN to conceptually comprise SANReN plus TENET; MoA 

to regulate relationship; 
 

• Stakeholder engagement and consultation needs to be 

improved around the NICIS components; structures 

established for this purpose; 
 

• Clarify responsibilities regarding funding of national, regional 

and institutional cyberinfrastructure (Tier 1, 2 and 3). 



Academia 
Science 
councils 

: 
RI’s 

Core 
Services 

 
 

Networked 
resources 

• National data integrative 

enabler supporting 

– MTSF 

– Research Strategy 

– SARIR,…  

• Overarching coordination 

& national strategy 

– National (Tier1) 

– Institutional (Tier2) 

• Amalgamated, physically 

distributed cyber platform 

for data intensive 

research 

– Data 

– Networking 

– Computing 

– Crosscutting 

– S&T 

• Principles 
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e-Research:  

NICIs  T1 Platform 

Computing 
Services 
(CHPC +) 

Networking 
Services 

(SANREN) 

Data 
Services 

(DIRISA +) 

Materials & Manuf. 

Energy Earth & 

Environment 

Phy Sci & Eng. 

Humans & Society 

Health, Bio & Food 

Data intensive research environments (SA_Grid, Cloud. 
FIM, SDN, perfSONAR, VREs,  …) 
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Big…!? 

Data Services: DIRISA 

DIRISA be the Tier 1 organisation to advocate for and implement data 

initiatives across the research community.  NICIS-DIRISA will work with the 

community to develop an ambitious proposal on data services to DST.  The 

data services recommendations are to be implemented in their entirety. 
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Development of a South Africa 
Research Infrastructure Roadmap 

13 RIs identified across the 6 thematic areas 



Positioning SA for the approaching  

Data Tsumani (driven by SKA and others….)(1) 

Important note: Data transmission is very expensive & data science is 

multidisciplinary 
 

• Establishment of DIRISA as a national Tier 1 data management, data 

storage, services and tools; 

 - R120 m over 4 yrs investment in expansion of DIRISA apart from the 

R200m/yr for CHPC and SANReN; 
 

• CHPC elected as member of SKA International Science Data Processing 

Consortium: develop (i) a data distribution model; (ii) exascale 

computing; (iii) Tier 1 science data processing;  
 

•  CHPC already stores and manages the current KAT-7 data – precursor 

for managing MeerKAT/SKA data – positioning SA as a preferred partner 

to respond to the SKA international requirements; 
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Positioning SA for the approaching  

Data Tsumani (driven by SKA and others….)(2) 

Important note: Data transmission is very expensive & data science is 

multidisciplinary 
 

• CHPC: hosting a CERN LHC Tier 2 data node; 
 

•  Identified potential Regional Tier 2 data intensive research initiatives, eg 

multi-university astronomy centre championed by UCT and UWC; 
 

•  HEIs already initiated teaching and training programmes, eg Sol Plaatjie, 

Wits, UCT, etc.; 
 

•  Identified potential international partners (eg RDA, CODATA, etc) to 

assist SA in developing local capabilities and capacities; 
 

•  SANReN building international collaborations with ESNET, REANZ with 

respect to international connectivity in support of big data transmission. 
 

•  Sufficient broadband local and international connectivity. 
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Conclusions 

• World-class cyberinfrastructures are critical 

to drive e-Innovation; 
 

• Towards a NICIS for sustainable computing, 

networking, data, and high-level skills 

development; and 
 

• NICIS: to position SA as a global player and 

contributor in the areas of Big Data and 

Exascale computing  

– to respond to global challenges and big 

science projects 
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Presentation 
www.dst.gov.za 
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