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WHAT IS A CoE? 

Centres of Excellence (CoEs) are physical or virtual Centres of research which concentrate 

existing capacity and resources to enable researchers to collaborate across disciplines on 

long-term projects that are locally relevant and internationally competitive in order to 

enhance the pursuit of research excellence and high-level capacity development.” 

– Taken from the NRF CoE Handbook, v3.1, 2014.

THE AIMS OF A CoE 

The aims of a CoE are to: 

• Promote knowledge and human capital in areas of strategic importance to

South Africa;

• Promote collaborative research;

• Promote and develop interdisciplinary research;

• Systematically develop a creative research training environment that is

internationally competitive;

• Strive for the highest standards of quality, international competitiveness and

esteem of their science; and

• Diffuse knowledge to where it is needed.

– Taken from the NRF CoE Handbook, v3.1, 2014.

THE CoE-MaSS 

Through an open NRF Call for new CoEs, Wits University (along with its CoE-MaSS 

Founding Nodes) submitted a competitive application in 2013 to the NRF. The national 

Department of Science and Technology (DST) and the National Research Foundation 

(NRF) awarded the Centre of Excellence in Mathematical and Statistical Sciences (CoE-

MaSS) to Wits University, commencing 1 April 2014.  

The CoE-MaSS mandate reports on the following Key Performance Areas (KPAs): 

Research; Education and Training; Information Brokerage; Service Rendering; and 

Networking. 
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GOVERNANCE AND LEADERSHIP 
 

The CoE-MaSS reports to it’s Steering Committee twice a year, comprised of ex officio 

members of the host institution, DSI and NRF reps, Founding Node reps, and research 

experts.  

 

Director 

Prof Fazal Mahomed (Wits) 

 

NODES 
 

FOUNDING NODES 

• North-West University (NWU) - Leader: Prof Louis Labuschagne 

• University of KwaZulu-Natal (UKZN) - Leader: Prof Rituparno Goswami 

• University of Pretoria (UP) - Leader: Prof Michael Chapwanya 

• University of the Witwatersrand (Wits) - Leader: Mrs Yoko Chhana 

 

COLLABORATING PARTNER NODES 

• African Institute for Mathematical Sciences (Cape Town) – Leader: Prof Barry 

Green 

• Cape Peninsula University of Technology (CPUT) 

• Central University of Technology (CUT)  - Leader: Prof Wendy Setlalentoa 

• Council for Scientific and Industrial Research (CSIR) – Leader: Prof Regina 

Maphanga 

• Durban University of Technology (DUT) – Leader: Prof Kevin Duffy 

• Mangosuthu University of Technology (MUT) – Leader: Prof Alfred Msomi 

• Nelson Mandela University (NMU) – Leader: Prof Gary Sharp 

• Rhodes University (RU) – Leader: Prof Denis Pollney 

• Sefako Makgatho Health Sciences University (SMU) - Leader: Dr Maggie Aphane 

• Stellenbosch University – Leader: Prof Andre Weideman 

• University of Cape Town (UCT) - Leader: Prof David Erwin 

• University of the Free State (UFS) – Leader: Prof Andrehette Verster 

• University of Johannesburg (UJ) – Leader: Dr Vivien Visaya 

• University of Limpopo (UL) – Leader: Dr Khehla Moloi 

• University of South Africa (UNISA) – Leader: Prof Inderasan Naidoo 

• University of Venda – Leader: Prof Winston Garira 

• University of the Western Cape – Leader: Prof Justin Munyakazi 

• University of Zululand (UniZulu) – Leader: Dr Syamala Krishnannair 
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SUBSIDIARY PARTNER NODES 

• Institute of Certificated and Chartered Statisticians of South Africa (ICCSSA)   

• South African Statistical Association (SASA) 

• South African Mathematics Foundation (SAMF) – Siyanqoba Programme 

• Southern Africa Mathematical Sciences Association (SAMSA) 

• South African Mathematical Society (SAMS) 

 

RESEARCH  
 

The CoE-MaSS brings together pure mathematics, applied mathematics and statistics 

researchers from numerous Institutions (CoE-MaSS Nodes) around South Africa to focus 

on advancing cross-disciplinary research topics and developing national capacity in these 

scarce fields. 

 

The Centre has Twelve active research “Focus Areas”. These Focus Areas are not static 

and were re-engineered in 2017 to better align to the CoE-MaSS’ research interests. Local 

and global research interests were also accommodated in these areas. 

 

FOCUS AREAS 

• Algebra and Topology 

• Graph Theory 

• Machine Intelligence and learning from Experience (MILE) 

• Mathematical Physics  

• Mathematics Education Research  

• Mathematics in Industry  

• Mathematical Modelling and Analysis in Life Sciences 

• Number Theory  

• Operator Algebras and Functional Analysis 

• Numerical and Applied Mathematics  

• Statistics (Data Science; Biostatistics; Extreme Value Theory; Computational and 

Methodological Statistics) 

• Symmetries, Mechanics and Applications  

 

SCIENCE COMMUNICATION 

The Centre strives to communicate research to the lay public, as well as within academic 

circles. The pages that follow in this booklet showcase the research being conducted by 

the Postgraduate Students and Postdoctoral Fellows, funded by the CoE-MaSS in 2018 

and 2021. 
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ALGEBRA AND TOPOLOGY



Presented in association with 
DST-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch,  an 
initiative of research communication 
specialists Jive Media Africa. 

Cryptography to the rescue
New ways to secure our information, 
communication and financial transactions 

Yash Madanha is an assistant 
lecturer in finite group theory at the 
University of Pretoria.

Orcid ID:

https://orcid.org/0000-0002-6039-7017

Imagine you wake up in the morn-
ing and your bank account is empty. 

Not because of reckless spending, but 
because someone has stolen all the 
money. If your information is not se-
cure, this might well happen to you. 

In this fast-paced, changing world, 
hackers are always finding new ways to 
gain access to even the most secure in-
formation, either to steal money from 
you or to sell the information to the 
highest bidder. With the emergence 
of quantum computers, hackers will 
be able to gain access to any kind of 
information. To prevent this, we need 
to continually develop new ways of se-
curing information. 

Rest secure, though. Cryptogra-
phers have got you covered. These are 
guys who are developing new ways to 
make information more secure every 

day by making it harder for the hackers 
to steal information. Central to devel-
oping these new ways is group theo-
ry, which, as a loose term, is the study 
of symmetries. It is amazing that such 
a natural phenomenon as symmetry 
can be used to find new cryptographic 
methods to make us safe when using 
technology to communicate or to 
transact.

One of the greatest achievements 
of mathematics in the 20th century 
has been to be able to describe build-
ing blocks of all groups called simple 
groups. Researchers at the Universi-
ty of Pretoria continue to study these 
simple groups to get more insight and 
understanding of these objects. These 
insights will help cryptographers to 
create more robust methods of secur-
ing more information.

Cryptographers are working hard to 
keep your information safe.
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Presented in association with 
DSI-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch, an 
initiative of research communication 
specialists Jive Media Africa. 

Machines with double vision
Creating more intelligent brain imaging 
machines can save lives.

Astructure is said to be asymmetrical 
in shape, size or arrangement of 

its parts or halves are not equal. An 
example of an asymmetrical structure 
would be if you draw a horizontal line 
across your face. The upper part of 
your face will not be the same as the 
lower part and so it is asymmetrical.

The left and right side of the brain 
is considered to be largely symmetri-
cal and machines are programmed to 
easily detect a problem when the brain 

is symmetric, which makes it easy for 
neurologists to make an accurate di-
agnosis. 

However, once the shape of the 
brain becomes asymmetric it becomes 
difficult for these machines to detect a 
problem. Pathological conditions such 
as a brain tumour can cause the image 
of the brain to be asymmetrical, which 
leads to machines not being able to 
detect a problem. This can lead to a 
neurologist to make a misdiagnosis. 

Researchers at the University of 
Cape Town are studying asymmetric 
structures to enable the development 
of machines that can correctly detect 
a problem even when the image of the 
brain is asymmetric.

“This could help with the correct 
diagnosis of patients by neurologists 
and ultimately save lives,” says Ingutu 
Mutemwa.

More intelligent brain imaging machines can save lives.

Ingutu Yolanda Mutemwa is a PhD 
student in topology and functional 
analysis at the University of Cape 
Town.

Orcid ID:  
https://orcid.org/0000-0002-1962-8450

Further information: 
https://reader.elsevier.com/reader/sd/pii/S1
532046409000975?token=733FA1CE22F91F
ED20E3EA1676A04A971CA61B7DB46DF206
06D9C6BE759C1A927005CE0F8CFEF3340C
EF51B95AC57613&originRegion=eu-west-1&o-
riginCreation=20210603093314
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GRAPH THEORY



Presented in association with 
DSI-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch, an 
initiative of research communication 
specialists Jive Media Africa. 

In the age of social technology, we see 
new jobs with titles such as “commu-

nity manager” increasing. The role of a 
community manager is to control the 
content of social media platforms to 
preserve a company’s reputation. 

The only information community 
managers usually have about a com-
pany’s followers, is the number of 
“friends” or followers each person has.

Graph theorists could help commu-
nity managers to be more effective 
with their work. 

“Social media usage for a specific 
individual or client can be represent-
ed as a graph with nodes and edges, 
where a member is a node and there 
is an edge between them if they are 
actually friends,” says Valisoa Razana-
jatovo Misanantenaina.

For information to reach from a 
member “A” to member “B”, it has to 
go through the edges (as few as pos-
sible) from A to B, which is called dis-
tance. The number of friends of a social 
media member is called its “degree.”

“Our research aims to understand 
distance-based graph parameters 
with a given degree sequence.”

This process is done in a step-by-
step manner, where the graph theo-
rists work systematically through the 
process of connecting the data to gain 
deeper insights. 

“If our theory is correct, we can share 
the results with community managers 
and they can apply it to their work.”

Connecting the  
social media dots
Graph theorists can help community 
managers to be more effective in their work. 

Community managers can make better sense of their data with the help of graph theorists. 

Valisoa Razanajatovo 
Misanantenaina is a postdoctoral 
researcher in graph theory at 
Stellenbosch University.

Orcid ID:  
https://orcid.org/0000-0001-6046-012X
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MACHINE INTELLIGENCE AND LEARNING FROM 

EXPERIENCE (MILE)



Presented in association with 
DSI-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch, an 
initiative of research communication 
specialists Jive Media Africa. 

Can it see me? 
Getting computers to understand people’s movements and 
poses in images and videos can help open up new digital 
spaces for people to interact with.

Current motion capture technologies 
in virtual reality rely on expensive, 

specialised hardware which is 
inaccessible for most people. More 
accessible technologies could be 
instrumental in bringing advanced 
applications to everyday people on 
their home computers and smart digital 
devices. 

In the past couple of decades, 
research on using machine learning 
techniques has progressed, and large 
strides have been made in teaching 
computers to recognise the poses of 
people, using images and videos. 

“Much work has been done on 
obtaining 2D poses from monocular 
images. However, we would like to be 
able to gather the information for a 
full 3D pose using a single monocular 
image source only, just like humans 
can imagine and imitate the way a 
person is standing from a picture,” 
says Nandi Bau.

Researchers at the University of the 
Witwatersrand, Johannesburg are ex-
perimenting on new approaches to im-
prove deep learning systems that can 
gather information for 3D poses from 
a 2D image. By using self-supervised 

methods, the learning systems can re-
move the need for elaborate data that 
might be difficult to get hold of as a 
prerequisite to teach a machine learn-
ing system.

“Temporal” methods, where poses 
across a period of time are studied, are 
used to try and improve the accuracy 
of pose predictions that come from 
the self-supervised methods.  

“The work can open up new possi-
bilities for the way that people inter-
act with computers, and offer a more 
accessible solution for interacting with 
virtual digital spaces.”

New virtual reality technology can 
give people better ways to interact 
with digital spaces.Nandi Bau is a master’s student 

in machine learning and computer 
vision at the University of the 
Witwatersrand, Johannesburg.

Orcid ID:  
https://orcid.org/0000-0002-2067-418X
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Presented in association with 
DST-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch,  an 
initiative of research communication 
specialists Jive Media Africa. 

Creating virtual padlocks
Pure mathematicians and applied 
mathematicians team up to convert highly 
abstract theories into real-world solutions.

Tsinjo Odilon Rakotonarivo is a 
PhD student in model theory at 
Stellenbosch University.

Orcid ID: 

https://orcid.org/0000-0003-0380-6969 

In our high-tech, interconnected world, 
people are increasingly concerned 

about their online security. Due to the 
advances in technologies and the mas-
sive use of social media, it is very easy 
to collect huge volumes of information 
about people. In order to protect indi-
viduals’ privacy, a well-designed system 
must be established. This is driving im-
portant research in the fields of math-
ematics and applied mathematics. 

In recent years, many research-
ers and applied mathematicians have 

sought robust tools to attempt to find 
solutions to the problem of internet 
security, and also to apply these learn-
ings to a range of other daily problems. 

While some tools are suitable for ap-
plications in a wide variety of circum-
stances, others are very specific and 
can only be applied under very strict 
conditions. In order to improve these 
systems, collaboration between ap-
plied mathematicians and model the-
oreticians is necessary. This can result 
in the development of more powerful 

theories and solutions.
“One example is a well-known struc-

ture with certain encrypted proper-
ties,” says PhD student Tsinjo Odilon 
Rakotonarivo. “By adding a unary 
predicate, we make the structure more 
complicated but still preserve the en-
cryption.” 

While unexpected loopholes may 
arise over time, the researchers strive 
for making your online life safer and 
better.

Mathematicians are putting 
their minds together to 
increase online security
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Presented in association with 
DSI-NRF Centre of Excellence in 
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(CoE-MaSS), this programme forms 
part of #theArtofResearch, an 
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specialists Jive Media Africa. 

Carbon dioxide (CO
2
) is the leading 

greenhouse gas in the atmosphere. 
This is due to humanity’s heavy reliance 
on fossil fuels to generate energy for 
industrial and transportation use.

South Africa is currently the largest 
emitter of CO

2
 in sub-Saharan Africa 

because its economy predominantly 
depends on burning coal for energy 
production. South Africa is also the 
thirteenth largest emitter of CO2 glob-
ally. 

As such, there is an urgent need to 
mitigate CO

2
 emissions in South Afri-

ca. Carbon capture and storage (CCS) 
is one of the options available to re-
duce the amount of CO

2
 in the atmos-

phere. CCS entails first capturing the 
CO

2
 and then going ahead to store it. 

That first step is crucial to get right as 
it significantly impacts downstream 
operations in the value chain.

Some of the promising CCS tech-
niques in use include absorption and 
adsorption. Absorption is when the 
carbon is sucked into, and trapped 
within a sponge-like structure, while 
adsorption is when it sticks to the sur-
face of a structure. Adsorption requires 
less energy compared to absorption 
and the materials employed are sig-
inificantly environmentally friendly. 
In addition, materials used in absorp-
tion get used faster in comparison to 
materials used in adsorption meaning 
they are less sustainable and efficient.

Now, new materials with a large ca-
pacity for CO2

 capture are making ad-
sorption even more competitive as a 
CCS technique and hence the need to 
investigate adsorption further.

Researchers at the University of the 
Witwatersrand, Johannesburg, includ-
ing chemists, chemical engineers and 
machine learning experts, are working 
together to develop adsorption mate-
rials to assist with the capture of CO

2
. 

“To make these new materials, we 
are using machine learning techniques 
to predict the materials that would 
have the best properties for CO

2
 use in 

coal-fired power plants,” says Tafara 
Chitsiga.

Finding clever ways 
to capture carbon
Machine learning techniques are 
helping to find ways to mitigate  
CO

2 
emissions.

Using Machine learning to help find ways to remove excess  
CO2 from the atmosphere.

Tafara Chitsiga is a master’s student 
specialising in machine learning 
applications for carbon capture at 
the University of the Witwatersrand, 
Johannesburg.

Orcid ID:  
https://orcid.org/0000-0002-4440-6438

Further information: 
https://www.inderscienceonline.com/doi/
abs/10.1504/IJOGCT.2018.090149
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Logistics made easy
Researchers at the University of Pretoria find 
easy solutions to large logistics problems.

Dr Johan de Wet is a postdoctoral 
fellow in graph theory at the 
University of Pretoria.

Orcid ID: 

https://orcid.org/0000-0001-5124-5460

Further information: 

JP de Wet, M Frick and SA van Aardt, 

Hamiltonicity of locally hamiltonian and 

locally traceable graphs, Discrete Applied 

Mathematics 236 (2018) 137-152 

https://doi.org/10.1016/j.dam.2017.10.030

Large-scale logistical problems can 
be streamlined with mathematical 
solutions.

Sun Tzu said that the line between 
disorder and order lies in logistics. 

Nobody understands this better than 
professionals who schedule delivery 
routes for logistics companies. They 
often have to find a way to visit every 
node in a network in an efficient way, 
and avoid visiting a node more than 
once. At the end of the day, they then 
have to return to their starting point.

This problem can be extremely dif-
ficult, and even unsolvable. Mathe-
matics researchers at the University 
of Pretoria and the Wits CoE are work-
ing on this problem by dividing the 
network into small sections. Studying 
these sections, instead of the network 
as a whole, massively reduces the com-
plexity of the problem and sometimes 
makes it possible to predict properties 
of the entire network. In some cases, 
this makes it possible to determine 
quickly whether an easy solution to 
the main problem exists. 

“There are often cases where a 
quick solution is not possible. We can 
help to identify situations where this 
is the case,” says Dr Johan de Wet.

 “These techniques could help avoid 
difficult problems, so you don’t waste 
time and resources on trying to do the 
impossible. It may also be feasible to 
modify the connections in the network 
in order to make the problem easy to 
solve.”
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Presented in association with 
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Where there’s smoke, there’s science
Evolution-inspired mathematical optimisation approaches 
are helping firefighters to respond to wildfires more rapidly.

Dr Andries Heyns is a postdoctoral 
research associate at the Laboratory 
for Location Science at the University 
of Alabama and a former volunteer 
wildland firefighter. 

Orcid ID: 
https://orcid.org/0000-0001-8187-9640

Further information: 

www.locationscience.ua.edu 

High-tech solutions are rapidly helping to determine where to deploy firefighters in response 
to wildfires. Dr Andries Heyns is in the foreground. Photo: Sullivan Photography 

Rural populations, wildlife and for-
estry plantations that are in dry, 

hot regions are regularly threatened 
by rampant and destructive wildfires. 

It is crucial to have effective and 
constant surveillance of endangered 
landscapes to detect fires immediate-
ly after they start, and for firefighting 
forces to respond as quickly as possi-
ble. However, mountains and hills often 
obscure foresters’ and rangers’ direct 
view of flames and rising smoke. While 
hidden from view, wildfires have the 
freedom to rage uncontrollably before 
being detected. 

Researchers from the University of 
Alabama and the University of Preto-
ria have joined forces with South Af-
rican-based ForestWatch to improve 
the effectiveness of state-of-the-art 
camera-based wildfire detection sys-
tems spread across four continents. 
Cutting-edge geographical analysis 
techniques and evolution-inspired 
system layout optimisation algo-
rithms are being used to pinpoint the 
best site locations for ultra-modern 
tower-mounted cameras. Rising high 
above the terrain like guardian angels, 
the bird’s-eye view of these cameras 

over vulnerable areas is now better 
than ever before. 

When combined with ForestWatch’s 
revolutionary smoke-detection algo-
rithms – based on South African-Ant-
arctic research into the automated 
detection of aurora – the improved 
capability of detecting fires rapidly al-
lows alarms to be sent out swiftly to 
firefighting forces. The end result is 
more immediate suppressing action 
and the minimisation of the scale of 
destruction.
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Conservation by numbers
Saving drawcard species with the help of mathematics

Vitalis K. Lagat is a PhD candidate 
in biomathematics at Stellenbosch 
University. He specialises in 
developing mathematical models for 
solving biological and environmental 
problems.

Orcid ID

https://orcid.org/0000-0002-9063-9187 

Large numbers of communities 
around the world depend on eco-

tourism for their livelihoods, relying 
heavily on the natural resources that 
their environments offer to attract 
tourists from around the world.

 However, due to both human and 
environmental factors, such as habi-
tat encroachment, poaching and cli-
mate change, some of the species that 
act as drawcards to a specific area – 
such as the white rhinoceros – are at 
risk of extinction. Losing these spe-
cies poses an economic risk to these 

areas, which may see many of these 
communities losing their livelihoods.

 To mitigate these risks, research-
ers at Stellenbosch University (Stel-
lenbosch Biomathematics Group) are 
developing mathematical models 
and tools to help assess the distribu-
tion of species across landscapes and 
analyse which factors drive the gain 
and loss of certain species.

 “Out of these analyses, we can 
draw conclusions that inform poli-
cy decisions regarding conservation 
and management,” says PhD candi-

date Vitalis Lagat, a member of the 
Biomathematics Group.

“It is hoped that derived poli-
cies will go a long way in regulating 
human behaviour and conservation 
effort with regard to habitat use and 
development. Consequently, we can 
all reap the benefits of tourism and 
boost our economies, in addition to 
conserving nature for future genera-
tions to enjoy.”

Lagat is affiliated with the Centre 
of Excellence in Mathematical and 
Statistical Sciences (CoE MaSS).

Mathematical analysis of 
environmental factors could 
assist in assessing the factors 
that lead to the loss of species 
that attract tourists.
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Creating virtual diseases 
to cure infections
Prevention is better than cure — a saying that every school 
child knows well. But how do we use mathematics to 
prevent a disease?

Abdoelnasir Degoot is a PhD student 
in computational biology at the 
School of Mathematics, Statistics 
and Computer Science, University of 
KwaZulu-Natal. 

Orcid ID:  

https://orcid.org/0000-0001-8788-2496

Further information: 

https://www.frontiersin.org/arti-

cles/10.3389/fimmu.2018.01410/full 

The human body has an incredible 
innate ability to remember patho-

gens (disease agents) that it has pre-
viously encountered, which gives it the 
ability to fight off infections from the 
same pathogens in later attacks. 

Vaccination uses this same principle 
by creating and introducing an “artifi-
cial disease” in an individual through 
carefully designed pathogens, in order 
to train the body to fight off later at-
tacks. For this to be effective, these 
“fake infections” must resemble the 
real disease so closely that they trig-

ger a strong immune response in the 
body. 

Traditionally, vaccines have been 
created in laboratories, which caus-
es a range of limitations. Research-
ers often do not know what the actual 
components of pathogens that result 
in a disease response are, and they do 
not fully understand the mechanism 
of the disease. Lab work is also often 
not suitable for particular types of dis-
eases, and can be time-consuming and 
expensive. 

By leveraging vast amounts of avail-

able biological data, made possible 
by fantastic new technology, Degoot 
is part of a team that makes use of 
mathematics, statistics and computa-
tion tools to predict the proper parts 
of pathogens that will drive a potent 
immune response. 

“The results will help and guide im-
munologists to design efficient vac-
cines, as well as reduce the time period 
needed to develop vaccines,” says De-
goot.

New computational methods 
take the guesswork out of 
vaccinations.
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Farming our way to  
healthier fish populations
Predicting the flow of diseases between  
open-water salmon farms could help 
solve the world’s food problem.

Meghan Kennealy is an MSc student 
in computational fluid dynamics at 
Stellenbosch University.

Orcid ID:

https://orcid.org/0000-0003-3436-2432 

With a growing global population 
and a looming food crisis, we must 

increasingly look to the seas to farm 
food sustainably. Unfortunately, how-
ever, open-water fish farming – such as 
salmon farming – is made difficult, as 
the practice is plagued by disease. As 
fish diseases often have no cure or are 
extremely expensive to treat, salmon 
farmers are legally obliged to destroy 
infected fish immediately, in order to 
avoid further infection of both wild and 
farmed fish communities.  

A good practice to limit the spread 
of disease between open-water fish 
farms is to place farms strategically, 
so that if one farm is infected, it can 
be destroyed without fear that the 

disease will spread to the remaining 
farms. By developing a computer code 
that simulates the pathogens’ move-
ment on open ocean currents from an 
infected farm, we can predict the flow 
of the disease and prevent further in-
fections. 

“Farms can be optimally planned 
before they are physically built, to mi-
nimise the spread of these infections 
and maximise the output of the farms,” 
says MSc student Meghan Kennealy.

This could also have a positive en-
vironmental impact, as having better 
control over diseases in farms could 
decrease the number of wild salmon 
that are infected.

Modelling the flow of infections on 
ocean currents could save our salmon 
populations.
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Fighting liver cancer with 
mathematics
Using mathematics to analyse stages of liver cancer can 
inform treatments that will potentially inform the public 
health sector.

Edna Manda is a PhD student in 
applied mathematics at the University 
of KwaZulu-Natal. She specialises in 
mathematical biology.

Orcid ID: 

https://orcid.org/0000-0001-9970-3707 

Researchers at the University of Kwa-
Zulu-Natal in Pietermaritzburg have 

created mathematical models that can 
be used to fight the increasing occur-
rence of liver cancer.

Information from these mathemati-
cal models could explore the potential 
outcome of therapeutic options, and 
provide insight for suggesting the best 
treatment options from all the treat-
ments that are available, says Edna 
Manda, a PhD student who specialises 
in mathematical biology. 

“Such models could also help to de-
velop new experiments with a more 
refined focus, leading to new clinical 
trials,” says Manda. 

The incidence of liver cancer in South 
Africa is increasing at an accelerating 

rate, and will likely continue to do so 
over the coming years. This poses a 
problem for the public health sector, 
which is looking for better strategies 
to combat the disease. 

Clinicians working on cases of liver 
cancer are usually faced with multiple 
treatment options applicable to the 
different stages of the disease. How-
ever, these options can often create 
uncertainty over which treatments are 
the best option at a given stage. 

“Using these mathematical models 
could assist in evaluating the various 
treatment strategies available at the 
different stages of the disease,” says 
Manda. “Failure to use these models 
might lead to further disease progres-
sion.”

Treating liver cancer can be much 
more predictable by using new 
mathematical models.
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Fighting the biggest killer in Africa
Mathematical models assist in understanding the 
spread of malaria in Africa, and enable the optimal 
allocation of resources.

Abdulaziz Mukhtar is a student 
in mathematical biology at the 
University of the Western Cape.

Orcid ID:  

https://orcid.org/0000-0002-3420-1148

Like in other large parts of Africa, 
the majority of people from South 

Sudan are exposed to malaria. The 
problem is especially bad during the 
rainy season, when large numbers of 
people are affected by the disease. 
Some of them don’t survive infection. 
The problem is exacerbated by many 
factors, including socio-economic fac-
tors, climate variables, shortage of 
drugs and a lack of access to health 
facilities. 

The success of intervention cam-
paigns often depends upon adequate 

available resources and reliable sur-
veillance data, which help officials 
understand existing infections. The 
optimal allocation of resources for 
malaria control at a subnational scale 
is, therefore, paramount to the suc-
cess of efforts to reduce malaria prev-
alence.

A study at the University of the 
Western Cape, with support from  
CoE MaSS, aims to apply mathemati-
cal models integrating various aspects 
that are relevant to the spread of ma-
laria in particular regions, in order to 

provide an understanding of the dis-
ease. The models are supplemented 
by statistical approaches that assist 
in validating the models. This might 
guide epidemiologists in implement-
ing more effective intervention strat-
egies.

“Failure to understand the dynam-
ics of the disease might lead to many 
more lives being lost,” says Abdulaziz 
Mukhtar. “We hope to be able to rec-
ommend suitable interventions that 
can be applied to reduce the spread 
of malaria in Africa.” 

Mathematical models help us to 
understand the spread of malaria 
in Africa.
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Killing two birds with one stone 
Human studies of people of African ancestry 
show that the blockbuster PCSK9 cholesterol-
lowering drug might also reduce diabetes risk.

Dr Tinashe Chikowore is a 
postdoctoral researcher in nutrition 
and human genetics at the University 
of the Witwatersrand.

Orcid ID:

https://orcid.org/0000-0002-6743-751X

Further information:

https://www.sciencedirect.

com/science/article/pii/

S0168822718300597?via%3Dihu

Pharmacologists have been strug-
gling to design drugs that lower 

cholesterol without increasing the risk 
of developing diabetes in patients. 

A current blockbuster drug, called 
PCSK9, which lowers cholesterol by up 
to 70%, is now unfortunately suspect-
ed of increasing the risk of diabetes. 
If this is found to be true, there is a 
strong possibility that this life-saving 
drug might not be used for diabetic 
patients, who usually have elevated 
cholesterol and  are three to five times 

more likely to die from cardiovascular 
diseases.

Researchers at the University of the 
Witwatersrand have taken up the chal-
lenge to evaluate the diabetes risk of 
the PCSK9 drug. It is known that the 
drug mimics the action of certain ge-
netic characteristics found in people 
of African ancestry. 

“Fortunately, it has been found , in a 
five year study, that people who have 
the genetic characteristics that PCSK9 
mimics also have lower blood glucose 

levels,” says Dr Tinashe Chikowore. 
“This finding suggests that this drug 
might have the dual effect of lowering 
cholesterol and diabetes risk.”

Although further studies are re-
quired to replicate these findings in 
people of African ancestry, Chikowore 
believes the PCSK9 drug is well poised 
to be an effective solution to help save 
the lives of patients who are diabetic 
and have elevated cholesterol levels.

Studies show that a blockbuster cholesterol-lowering drug is beneficial for diabetic patients.

24

https://www.wits.ac.za/coe-mass/
https://www.sciencedirect.com/science/article/pii/S0168822718300597?via%3Dihu


Presented in association with 
DSI-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch, an 
initiative of research communication 
specialists Jive Media Africa. 

Shortening TB treatment
Mathematical modelling and simulations 
that characterise tuberculosis (TB) drug 
penetration of lung cavities can help guide in 
regimens selection for clinical trials.

Tuberculosis (TB) is one of the most 
devastating diseases in the world 

and it mostly affects adults in their 
most productive years. 

About a quarter of the world’s pop-
ulation is latently infected with TB. In 
2019, about 10 million people were ill 
with the disease worldwide and an es-
timated 1.4 million people died from it. 

While the worldwide incidence and 
mortality rate declined slightly in the 
last three decades, the emergence of 
multidrug-resistant tuberculosis (MDR-
TB), extensively drug-resistant tuber-
culosis (XDR-TB) and the COVID-19 
pandemic have reversed the progress. 

MDR-TB treatment is a nightmare 
for both patients and healthcare pro-
viders, needing up to 24 months of 
treatment with four to seven medica-
tions, all of which have major adverse 
effects. 

While it is not clear exactly what in-
itiates MDR-TB even with strong ad-
herence to medication, sub-optimal 
penetration of drugs to the lungs where 
TB resides has been reported. 

“The new challenge for researchers 
is to quantify drug distribution in the 
lesions where TB resides to optimise 
the selection of promising TB drugs 
that could shorten TB treatment,” says 
Oluwaseun Egbelowo. 

Researchers at the University of the 
Western Cape used mathematical and 
statistical techniques to characterise 
the penetration of a TB drug in blood 
plasma and different lesions where TB 
resides to justify its inclusion in TB reg-
imens to shorten TB treatment. Mathematically optimising TB regimens can shorten treatment. 

Oluwaseun Egbelowo is a 
postdoctoral researcher specialising 
in the mathematical modelling of 
infectious diseases at the University 
of the Western Cape.

Orcid ID:  
https://orcid.org/0000-0002-5636-4642
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Taking the guesswork out  
of breast cancer treatment
Mathematical models can provide a guideline 
for the treatment of breast cancer.

Breast cancer is a health risk 
to women all over the world.  

Oncologists working on breast cancer 
cases are usually faced with multiple 
treatment options which are applica-
ble during different stages of the dis-
ease. 

It is not always clear which course 
of action to take and there can be 
considerable uncertainty over which 
treatments are the best option at a 
given stage. 

Researchers at the University of 
Pretoria have formulated a mathe-
matical model that can be used to fight 
breast cancer growth among women 
in Africa and the entire globe. This 
model attempts to explain the inter-
play between estrogen, breast can-
cer, and a well-known protein, p53, 
which usually plays a role in the nor-
mal life-cycle of a cell and is involved 
in tumour formation when things go 
wrong.

Mathematical models could also 
help to design the best strategies for 
combination treatment. These could 
lead to new experimental discover-
ies with a refined focus, resulting in 
new clinical trials and patient-specific 
treatments. 

“Mathematical dynamics models 
are increasingly used to guide public 
health interventions for cancer,” says 
Segun Oke.

“Using these mathematical models 
with patient data could assist in eval-
uating the various treatment strate-
gies available at the different stages 
of the disease.” 

Mathematical models can provide a guideline for the best possible cancer 
treatment at various stages of the disease.

Segun Oke is a postdoctoral fellow 
in mathematical biology at the 
University of Pretoria.

Orcid ID:  
https://orcid.org/0000-0002-4987-6287

Further information: 
https://www.researchgate.net/profile/
Segun-Oke/publication/330017388_COST-
EFFECTIVENESS_ANALYSIS_OF_OPTIMAL_
CONTROL_STRATEGIES_FOR_BREAST_
CANCER_TREATMENT_WITH_KETOGENIC-DIET/
links/5c2a4b9e299bf12be3a4587c/COST-
EFFECTIVENESS-ANALYSIS-OF-OPTIMAL-
CONTROL-STRATEGIES-FOR-BREAST-CANCER-
TREATMENT-WITH-KETOGENIC-DIET.pdf
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A peek inside a 
neutron star
Mathematical models help to 
understand space phenomena that we 
can’t physically explore.

There is no such thing as cosmic 
surgery: Researchers cannot 

simply cut up a neutron star and look 
inside. Humanity is exploring space 
by sending spacecrafts and satellites 
into the cosmos, but it is impossible 
to see the interior of a neutron star or 
how it behaves, as we cannot safely 
get close to them.

Researchers at the University of 
Cape Town have found a method to 
gain insights into these dying stars. 
Their mathematical models shed light 
on the structure and behaviour of 
compact objects, including neutron 
stars.

“We have developed exact math-
ematical models which use a combi-
nation of mathematics and physics to 
provide insight into the structure and 
dynamics of these dying stars,” says 
Dr Nolene Ferrari Naidu.

This work is expected to aid other 
researchers and space agencies by 
providing a better understanding of 
neutron stars and their composition. 
Further collaboration will build hu-
mankind’s knowledge base con-cern-
ing astrophysics and space sciences.

“Through collaboration and con-
tinued funding we can move the field 
forward, towards a complete under-
standing of compact objects,” says 
Naidu.

“With this research in hand, when 
the day comes where we can journey 
further into the cosmos, we will be 
better equipped to do so safely, with 
a clearer picture of what to expect. 
This work will be the foundation for 
the next generation of astrophysicists 
to build upon.” Exact mathematical models can explain what we can’t see.

Nolene Ferrari Naidu is a 
postdoctoral research fellow in 
relativistic astrophysics at the 
University of Cape Town.

Orcid ID:  
https://orcid.org/0000-0001-5730-3959

Further information: 
https://journals.aps.org/prd/abstract/10.1103/
PhysRevD.104.044014
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Changing the way we 
see the universe
New models based on theories that 
include higher dimensions can give us 
new information about our universe.

Cosmology is the study of the uni-
verse. One of the most useful theo-

ries for the study of our universe is the 
theory of general relativity, developed 
by Albert Einstein.

Two researchers, named Gauss and 
Bonnet, later extended the theory of 
general relativity to include higher 
dimensions so they could see wheth-
er this would reveal new information 
about the universe. They called their 
theory Gauss-Bonnet gravity. 

This higher dimensional approach 
can provide solutions beyond what 
we can see as humans. This theory is 
bound to be compared against Ein-

stein’s successful general relativity 
theory.

Researchers at the University of 
KwaZulu-Natal are studying the im-
pact of the Gauss-Bonnet theory and 
higher-order terms on the gravitation-
al behaviour of stars. 

“It will be possible to turn the dimen-
sional terms off and make compari-
sons with Einstein’s theory. By doing 
this, we can see whether the dimen-
sional terms influence the behaviour 
of the model in any significant way,” 
says Njabulo Mkhize.

“Where Einstein’s equations give 
nonphysical solutions, the extra terms 

may be tuned to generate solutions 
which harmonise with observed phe-
nomena.”

Data gathered from radio telescopes 
such as MeerKAT and SKA must be in-
terpreted and be able to generate a 
picture of the universe. The models 
used to generate these pictures are 
all designed with general relativity in-
puts. 

“It would be interesting to see 
whether these models will change the 
way we see the universe when using 
models in the higher dimensional 
gravity regime.” 

Njabulo Mkhize is a PhD student 
in mathematical physics at the 
University of KwaZulu-Natal.

Orcid ID:  
https://orcid.org/0000-0001-6893-6305

Further information: 
https://journals.aps.org/prd/abstract/10.1103/
PhysRevD.102.084028 New relativity models can give us a 

new way of looking at our universe.
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Researchers in the field of mathe-
matical physics develop mathe-

matical models for physical systems. 
These models are supposed to capture 
or represent important properties of a 
system, such as time-evolution (or dy-
namics), and they explain and predict 
how things are expected to behave. 

However, the theoretical or mathemat-
ical models of a physical system do not 
always capture what is observed. It 
could happen that a model of a particu-
lar physical system doesn’t correspond 
to what is happening when that system 
is measured and observed in real life. 

Researchers at the University of Pre-

toria are working on the development 
of better and more realistic models of 
physical systems which would be able 
to predict various properties of those 
systems.

“Allowing the systems to be open to 
influences from their environments is 
the key,” says Sam Skosana.

“As an example, let’s say we were 
modelling how dark someone’s room 
will be at night when they put the lights 
off. Our models would take the room’s 
lights, as well as any electronic devic-
es with LEDs, into account. However, 
the model would be vastly inaccurate 
if it did not take into account the light 
factors outside the room, like street-
lights and the phase of the moon. The 
system (the room) can’t be modelled 
in isolation without taking its environ-
ment into account. We have to take 
a system’s environment into account 
when looking at the properties of our 
system.”

Allowing physical systems to inter-
act with their environments leads to 
the development of better models of 
physical reality and ultimately, to a 
better understanding of the proper-
ties of physical systems.Accurate predictions of extreme temperature events can save lives. 

No part of nature 
is an island
For some mathematical models to 
work, physical systems need to  
interact with their environment. 

Sam Skosana is a PhD student 
in mathematical physics at the 
University of Pretoria.

Orcid ID:  
https://orcid.org/0000-0002-9281-409X
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Reaching for the stars
“Look up at the stars and not down at your feet. Try to 
make sense of what you see, and wonder about what 
makes the universe exist. Be curious.” – Stephen Hawking.

Recently, the government has made 
heavy capital investments in tele-

scope projects like the Square Kilo-
meter Array – a radio telescope that 
scans the sky continuously to pick up 
cosmic events. 

The universe is so vast that there is 
only a limited amount of knowledge 
we can gain by actually observing a 
few celestial objects. To understand 
these cosmic events and their con-
sequences we need to look at the 
theory, which are the equations. 

Relativistic fluids are models that 
physicists use to apply the physics of 
microscopic things to the physics of 
bigger things (like things in the uni-
verse). The study of relativistic fluids 
can help us to understand the struc-
ture and behaviour of astrophysical 
objects like stars and galaxies. That, 
in turn, will answer some fundamen-
tal questions about the universe.

Researchers at the University of 
KwaZulu-Natal have studied a gen-
eral 4D spacetime that uses a par-
ticular form of symmetry, called 
conformal symmetry, by using a new 
approach that involves spacetime 
decomposition. 

This allowed them to take a closer 
look at the physics and geometry of 
the spacetime, leading to new find-
ings. 

“Theoretical observations go be-
yond a few data sets. However, the 
limitation is that the knowledge is 
locked up in systems of intractable 
equations,” says Chevarra Hansraj.

The team used theoretical models 
and will compare them to real-life 

observations to see if they are phys-
ically viable. Simplifying the math-
ematical aspects of the equations 
enabled them to extract more infor-
mation.

“As a result, we will be able to find 
viable models of physical reality that 
will contribute to the knowledge of 
stellar structure.”

Feed your curiosity. Look up at the stars. 

Chevarra Hansraj is a PhD 
candidate in relativistic astrophysics 
at the University of KwaZulu-Natal.

Orcid ID:  
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https://doi.org/10.1007/s10714-020-02717-8
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Cheap, efficient pumps 
through peristalsis
Mathematical modelling can improve  
production of more efficient and 
cheaper peristaltic pumps.

Mangwiro Magodora is a 
PhD student at the University 
of KwaZulu-Natal.

Orcid ID:

https://orcid.org/0000-0002-0449-2474 

Farmers and industrial corporations 
are always on the lookout for cheap-

er and more efficient pumps in their 
businesses, to irrigate their crops or 
transport hazardous chemicals in order 
to avoid accidents.

Researchers at the University of 
KwaZulu-Natal are using mathemat-
ical modelling to gain deeper insight 
into the flow of fluids through peri-
stalsis. Peristaltic pumps move liquid 
along a tube in much the same way 
that food is moved down a person’s 

throat, through the expansion and 
contraction of muscles. They are often 
used to pump sterile, toxic or highly 
reactive fluids, without exposing the 
fluids to contamination from exposed 
pump components. 

The researchers are applying nu-
merical algorithms to solve, analyse 
and interpret the flow of fluids through 
peristaltic action. This could result in 
the design and production of improved 
peristaltic pumps that are cheaper to 
produce and more efficient to operate. 

“This could lead to improved 
yield and better income for farmers, 
and mean fewer accidents during 
transport of hazardous materials, 
while leading to improved savings 
and profitability for companies,”  
says PhD student Mangwiro Ma-
godora. “Improved efficien-
cy may also result in increased 
employment opportunities and fur-
ther technological development down 
the line.”

Peristaltic pumps can improve efficiency and reduce costs in agriculture and industry.
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Closing the back door
Using partitions of large prime numbers may 
help build codes that are impossible to hack.

Molatelo Rapudi is a student at Wits 
University. Her research focuses on 
integer partitions.

Orcid ID:

https://orcid.org/0000-0002-1293-8624 

Digital security is becoming more 
important on a daily basis. People 

store valuable information online, and 
require maximum security to keep their 
information in everyday products safe. 
Hackers constantly search for ways to 
decrypt ciphers, such as credit card pin 
numbers, to steal information.

Cryptography systems make use of 
very large prime numbers to keep data 
safe. Through a process called parti-
tioning, prime numbers can be broken 
down. Understanding the nature of 

prime numbers can help researchers 
to develop systems to create unrecov-
erable ciphers. 

Mathematicians in the field of 
number theory, working along with 
researchers in cryptography, are work-
ing on deriving partition functions, in 
order to create encrypted codes based 
on large prime numbers.

The partition of a prime number 
is a set of prime numbers that, when 
added up, add up to the prime number. 
For example, there are three prime 

partitions of 7, as 7 = 7 = 2 + 5 = 2 + 2 
+ 3.

“By partitioning large groups of
prime numbers, we hope to place a 
set of unique restrictions on them to 
create codes that would take millions 
of calculations and a number of years 
for even the most powerful devices to 
crack,” says Molatelo Rapudi. “If we 
don’t find answers to challenges that 
hackers pose, our information will stay 
vulnerable to theft.”

Partitioning of prime numbers 
could be used to build codes that 
are impossible to hack.
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Confronting COVID stigmas
Modelling the spread of the disease could 
help to dispel myths and stigmas around 
the pandemic. 

With so much misunderstanding 
about how COVID-19 spreads, a 

stigma around the virus has emerged 
in various populations. Out of fear of 
the pandemic and a lack of knowl-
edge about the virus, people feel they 
need to blame someone, which leads 
to gossip, rumours and exaggerated 
fears about the disease itself and its 
ability to cause death.

Biomathematical researchers at 
the University of Johannesburg are 
searching for answers on how to 
combat these stigmas. By building a 
COVID-19 model, they hope to dispel 
myths around the virus and break 
down the stigmas.

“By extracting data about the 
COVID-19 virus and how it spreads, 
we can build a model that explains 
exactly how the pandemic works and 
spreads,” says Siphokazi Gatyeni. 
“This will provide the public with a 
much better idea on what to expect 
from the pandemic.

The model will be built by follow-
ing the general SEIR disease model, 
which ascribes labels – or compart-
ments to different groups of people, 
namely those who can get sick – Sus-
ceptible (S), Exposed (E), Infectious 
(I) or Recovered (R).

“We start by discussing what pa-
rameters to focus on and then com-
pile the data to eventually build the 
model,” says Siphokazi Gatyeni.

“Having a model on the transmis-
sion of the disease will be a first step 
in building a proper understanding of 
the virus and how it spreads through 
a community.

Biomathematical research can provide insight into how COVID-19 spreads 
through communities.

Siphokazi Gatyeni is a PhD student 
in applied mathematics at the 
University of Johannesburg.

Orcid ID:  
https://orcid.org/0000-0001-5645-5133

Further information: 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7874150/
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Finding security in chaos
Natively binary chaos can be used to create highly secure 
cryptographic systems.

Weston Govere is a PhD student 
in Computer Science at the 
University of KwaZulu-Natal.

Orcid ID:

https://orcid.org/0000-0002-3546-779X 

Secure cryptographic systems can be 
built by using natively binary chaos.

Unauthorised access to private infor-
mation continues to be on the rise, 

terrifying both individuals and organi-
sations all over the world. 

While encryption algorithms are 
embedded in the process to keep in-
formation safe, there is no single ideal 
encryption algorithm. A number of 
encryption algorithms have been ex-
posed to hacking, which makes the ur-
gency to develop improved algorithms 
that exhibit increasing cryptographic 
strength crucial. 

One of the possible solutions to en-
sure that only authorised users are 

able to transfer information and make 
data impervious to attack is to use na-
tively binary chaos. This means design-
ing algorithms that output bit streams 
directly, based on the application of 
binary iteration function sequences. 

“Chaos is an offshoot of nonlinear 
dynamics, and has attracted a lot of 
interest in different disciplines. Cryp-
tography is one of the most promising 
applications,” says Weston Govere.

“The principal value of chaos is the 
ability to create many different algo-
rithms. This is possible with conven-
tional random number generators, 

but chaos provides greater diversity in 
terms of the functions available, and 
can be designed by hand or by appli-
cation of evolutionary computing and 
artificial intelligence techniques, for 
example.”

There are numerous challenges in 
using chaos for cryptography, particu-
larly concerning the need to compute 
the encrypted text to high floating-point 
exactness. However, translation of the 
approach from “floating-point space” 
algorithms to “binary space” algo-
rithms may provide a route forward.

36

https://www.wits.ac.za/coe-mass/


Presented in association with 
DST-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch,  an 
initiative of research communication 
specialists Jive Media Africa. 

Getting goods delivered on time
Approximation techniques can help logistical 
operations to streamline their services.

Krupa Prag is a student of the School 
of Computer Science and Applied 
Mathematics at the University of the 
Witwatersrand.

Orcid ID: 

https://orcid.org/0000-0002-4821-8151

Approximation techniques can be 
helpful in optimising transportation 
systems.

Fierce global markets and shrinking 
amounts of environmental resourc-

es make it crucial for the logistical op-
erations of companies to operate more 
effectively, while improving their cus-
tomer service and maintaining their 
competitiveness.

One of the problems they face is 
how to find the best routes and ve-
hicles to deliver goods to customers 
on time. The complexity of the prob-
lem increases as constraints, such as 
limited vehicle capacity and the time 
frames in which to service customers, 

increase. To optimise the system, we 
need to find the best configuration of 
the system and the right vehicles re-
quired to deliver goods to their desti-
nations.

In the past, these problems have 
been analysed using “deterministic” 
techniques. Deterministic techniques 
give exact solutions to problems. How-
ever, they are demanding in terms of 
computational resources. 

Researchers at the University of the 
Witwatersrand are using a different 
approach to optimise logistical scenar-

ios, such as approximation techniques 
to produce solutions to problems on 
a large scale quickly. Approximation 
techniques use probabilistic methods 
to solve distribution problems more 
quickly.

“If successful, we can reduce the 
negative environmental impact, re-
sources needed and traffic conges-
tion in these systems, while increasing 
profits and customer satisfaction,” 
says Krupa Prag. 
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Major ideas on nanoscale problems
Mathematical models can increase 
efficiency in nanofluid systems. 

Mohammed Almakki is a 
PhD student at the University 
of KwaZulu-Natal.

Orcid ID:

https://orcid.org/0000-0002-9348-4651

Further information:

https://www.mdpi.com/1099-4300/19/7/168

In any industrial or medical process, 
there is usually a loss in energy, 

which means that there is a level of 
inefficiency.

Researchers have given considera-
ble attention to the study of nanofluid 
flow, heat and mass transfers as well 
as entropy generation, in both the en-
gineering and medical fields. 

A nanofluid is a fluid that contains 
solid nanometre-sized particles (such 
as blood), while entropy is the level of 
disorder (seen as energy loss) that is 
generated in a system. It is crucial to 
understand the energy loss, in order to 
understand the flow better and create 
more efficient systems. By controlling 
entropy generation, the performance 
of a system can be enhanced. 

Nanofluids have several applica-
tions due to the unique chemical and 
physical properties of the constituent 
nanoparticles. For instance, nano-
fluids have been used in applications 
that require high-performance cool-
ing systems, such as hot rolling, glass 
fibre production and the manufacture 
of metallic sheets. 

The study of entropy generation is 
also important in many physiologi-
cal processes, such as blood pressure 
measurements.  

Researchers at the University of 
KwaZulu-Natal are working on creat-
ing a mathematical model to better 
describe nanofluid flow and entropy 
within a system under fairly real-life 
conditions. 

“The goal is to promote the perfor-
mance of the system,” says PhD stu-
dent Mohammed  Almakki. “If done 
successfully, we would be able to con-
trol energy loss better, which would 
mean better efficiency.” 

Understanding the flow in a system can lead to higher efficiency.
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Predicting the flow of “clever” fluids
Advancement in technology enables the use of algorithms 
to study the complex behaviours of gels and syrups. 

Shina Oloniiju is a postgraduate 
student in fractional dynamical 
systems at the University 
of KwaZulu-Natal. 

Orcid ID: 

https://orcid.org/0000-0002-9794-8580 

Processes that require the trans-
port of fluids can be mathematical-

ly modelled to understand and predict 
the flow and behaviour of the fluid.

However, certain fluids, like gels and 
syrups, have very complex behaviour, 
as they are characterised by memo-
ry retention and remember previous 
movement. The behaviour of a fluid 
is modelled by considering the forces 
that are applied to it, and the stress-

es and deformation rates of fluids are 
complex behaviours.

To model the flow of gels and syr-
ups and predict their behaviour, we 
require advanced modelling technolo-
gy, which has been made possible by 
recent advancements in technology. 
This technology makes it possible to 
improve the algorithms that can be 
used in these complex situations.

“We are attempting to develop ac-

curate and efficient algorithms that 
we can use to model these types of 
fluids,” says Shina Oloniiju of the Uni-
versity of KwaZulu-Natal.

Once developed, these numerical al-
gorithms could be used to optimise the 
process of transporting fluids, thereby 
improving efficiency and productivity 
and reducing costs of production. 

Advancement in technology enables the 
study of the flow of gels and syrups.
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The statistics behind 
animal movement
Statistical models can help 
conservationists track and predict 
animal movement.

The understanding of animal move-
ment and behavioural patterns is 

of pivotal importance to ecologists and 

conservationists when considering con-
servation, climate change and environ-
mental features among many others. 

Predicting animal movement in 
various landscapes can be tricky, as 
a large variety of environmental fac-
tors need to be taken into account to 
achieve a degree of accuracy. Animals 
also move in unexpected ways and ex-
isting models of animal movement fall 
short of covering all the necessary as-
pects of the movement. 

Statisticians at the University of Pre-
toria are working on developing mod-
els that take the irregular patterns of 
animal movement into account. This 
should make animal movement pre-
dictions more accurate.

“Ecologists could use this model  
to identify new animal behavioural 
patterns, while researchers could 
use it and improve it to further 
help conservationists,” says Gopika 
Ramkilawon. 

Conservationists would be able to 
predict how animals move, and, for in-
stance, protect them against potential 
poaching.

“This model improves on existing 
models as it successfully accounts for 
unusual animal movement patterns, 
resulting in a more accurate and flexi-
ble model,” says Ramkilawon.

“The model can potentially be de-
veloped into a tracking and prediction 
system which can be implemented for 
animals across different landscapes.”

Animal movement models can protect animals against poaching.

Gopika Ramkilawon is a master’s 
student in advanced data analytics 
and a statistical intern at the 
University of Pretoria. 

Orcid ID:  
https://orcid.org/0000-0002-2919-1918
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Changing the winds of change
By changing wind patterns, we can control global rainfall 
distribution to fight the negative effects of climate change.

Dr Tesfalem Abate Tegegn is 
a postdoctoral researcher in 
stochastic partial differential 
equations and fluid dynamics 
at the University of Pretoria. 

Orcid ID:

https://orcid.org/0000-0003-3968-9899 

Earth and all that lives on the planet 
is at risk from the severe negative 

impacts of climate change, including 
habitat loss and the effects of severe 
weather events.

Global weather patterns are driv-
en by differences in temperature and 
pressure. The careful monitoring of 
the weather could help us to predict 
when and where extreme weather 
events might occur. 

Fluid dynamics is the study of how 
gases and liquids move under certain 

conditions. By analysing the detailed 
dynamics of wind currents, technol-
ogy could be developed to heat up 
certain spots in the atmosphere arti-
ficially to maintain balance in the dy-
namics of wind currents. 

“Theoretically, this could be done 
using laser from space or from the 
surface of the earth, or by reflect-
ing sunlight using specially designed 
mirrors, to heat up carefully selected 
spots to direct the overall dynamics 
in the atmosphere,” says Dr Tesfalem 

Abate Tegegn.
“Successful implementation of a 

strategy like this could mean dramat-
ically reducing deaths and suffering 
from events such as floods, droughts, 
tornadoes and hurricanes, as well as 
from tropical and water-borne dis-
eases.”

“Failing to conduct and support 
research of the highest level to ad-
dress the problems related to climate 
change would be equivalent to walk-
ing into a volcano blindfolded.”

Scientists can use technology 
to find a way to save Earth. 
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How wonderful would it be to find a 
permanent cure for cancer? This 

may be possible, and a permanent 
solution may be lurking in an unlikely 
place: mathematics.

Researchers at the Central Uni-
versity of Technology have joined re-
searchers from all over the world that 
are busy working on finding solutions 
to complex mathematical equations 
such as cancer models. Mathematical 
models such as cancer models are for-
mulated by bio-mathematicians and 
mathematical methods would be ap-
plied to these models. The resulting 
solutions from our methods could give 
an insight of how this deadly disease 
could be cured or  stop.

“Finding solutions to real-life prob-
lems such as cancer sits squarely in 
the laps of mathematicians,” says Tit-
ilayo Agbaje. “We have the tools and 
the methods to come up with solutions 
to many real-life problems.”

Agbaje is certain that with all the 
research being done in this area, it is 
just a matter of time before new meth-
ods will be developed to find solutions 
to problems such as cancer.

“The confirmation of whether the 
solution works or not will be made by 
comparing it to existing ones in the lit-
erature. And even better confirmation 
will be if it starts saving the lives of 
cancer sufferers.”

Solving the cancer riddle with 
mathematical methods
Mathematical methods may provide solutions to the health 
crisis caused by cancer.

Mathematical solutions can save the lives of cancer patients.

Titilayo Agbaje is a postdoctoral 
researcher in applied mathematics at 
Central University of Technology.

Orcid ID:  
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https://scholar.google.com/
citations?user=TEa68VsAAAAJ&hl=en 
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A black box of code can help software engineers create programmes quickly and efficiently.

Building blocks for 
programmers
A library of ready-to-use code can 
assist developers to build new projects 
in a quick, cost-effective manner.

Computer software programmers, 
engineers and applied mathemati-

cians are always working on new 
projects, which often requires re-
inventing the wheel and writing 
new code for each new project from 
scratch. This is time-consuming, 
and they often work against strict 
deadlines, which, if missed could be 
costly.

An out-of-the-box solution, such 

as a library of code could assist pro-
grammers in working much more ef-
ficiently and not waste time in coming 
up with new coding for each project.

Researchers in applied mathemat-
ics at the University of South Africa 
are working on developing a new li-
brary of code that will serve as a 
“black box” of code, that program-
mers could use to reduce program-
ming time and costs, allowing them 

to build Partial Differential Equations 
(PDE) software using Radial Basis 
Functions (RBF) paradigms.

“This library will be easy to use, 
run on all the relevant computer plat-
forms and could be easily modified for 
the various needs that programmers 
have, and could be easily converted 
into Python Module.” says Kesaobaka 
Moipolai.
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Accurate predictions of extreme 
temperature events can save lives. 

Finding mathematical 
solutions to practical 
problems
Studying partial differential equations can 
have a large role to play in modelling.

People live in a world with high 
levels of complexity, chaos and 

uncertainties. Mathematical tools 
such as fractional calculus are vital 
instruments for efficiently modelling 
these physical circumstances and 

helping people make sense of their 
worlds. 

Researchers have been in search of 
a concise formulation of exact solu-
tions of certain  types of fractional 
calculus equations that have practi-

cal significance to real-life problems 
such as  modeling the vertical displac-
ment of long water waves at position 
x and time t and optical pulse storage 
of the pulse envelope function with 
its propagation along the fiber.

One of these fractional calculus 
equations are called dispersive non-
linear FDEs , and researchers at Nel-
son Mandela University have been 
comparing methods for solving them. 
The solutions to these equations may 
hold tangible information for use in 
physical modeling.  

“The mathematical approaches 
that we’re researching will help us to 
understand the remarkable signifi-
cance and applications of fractional 
nonlinear problems in real-world sce-
narios, as they are more widespread 
and complex,” says Abey Kelil.

The techniques applied in this re-
search can be seen as a stepping stone 
to solving other nonlinear problems 
and related fractional problems.  

“We hope that this research will 
open a door for an opportunity to 
collaborate with other researchers. 
This will also assure the increasing 
significance of our proposed meth-
ods within the research discipline of 
fractional differential equations.”

Abey Kelil is a postdoctoral fellow 
in mathematics at Nelson Mandela 
University.

Orcid ID:  
https://orcid.org/0000-0002-4877-8394
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Mathematicians are wide awake in 
the fight against sleeping sickness
Studying the roles that human and nonhuman hosts play in 
the transmission of HAT disease can stop it from spreading.

Human African trypanosomia-
sis (HAT), or sleeping sickness, is 

caused by trypanosome parasites that 
are transmitted by tsetse flies. As HAT is 
not as well-known as cancer, HIV/AIDS 
and Ebola, fewer efforts in improving 
the current mathematical models on 
this disease are made. 

HAT harbours itself in both human 
and nonhuman hosts and each host 
has its own role in transmitting the dis-
ease. For this reason, it doesn’t help 
to focus on only one of the hosts to 
combat the disease.

Many mathematical models for HAT 
focus on the interaction dynamics of 
the vector (tsetse flies) and humans. 
However, few studies have analysed 
the parasite in both the nonhuman 
and human hosts when it comes to 
disease progression or the role that 
the dynamics of the disease within the 
host plays in the persistence of the 
disease. 

“The parasite changes the way it 
looks on the surface so that the host’s 
immune system can’t recognize it and 
respond as it should. That’s why the 

body fails to fight against the para-
site,” says Mulalo Makhuvha.

Existing models have considered dy-
namic models for what happens inside 
the host and models for the spread of 
the disease in populations as separat-
ed systems, but they have not been 
linked explicitly.

“We want to develop a mathemat-
ical model for the tsetse fly, which 
focuses on both the human and non-
human hosts. This will help us to study 
the transmission and control dynam-
ics of HAT.”

The tsetse fly is the vector for the parasite which causes sleeping sickness.

Mulalo Makhuvha is a PhD student 
in biomathematics at the University 
of KwaZulu-Natal.
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Taking the sway out of 
high-rise buildings
Improved mathematical models could help in 
designing safer and more resilient buildings.

Dr Belinda Stapelberg is a 
postdoctoral fellow in applied 
mathematics at the University of 
Pretoria.

Orcid ID:

https://orcid.org/0000-0002-3705-8789 

Further information: 

https://academic.oup.com/imamat/

advance-article/doi/10.1093/imamat/

hxy048/5098280?searchresult=1;  

Ref:N F J van Rensburg, B Stapelberg; 

Existence and uniqueness of solutions of 

a general linear second-order hyperbolic 

problem, IMA Journal of Applied 

Mathematics, hxy048, https://doi.

org/10.1093/imamat/hxy048 Engineers and researchers looking 
to build resilient slender struc-

tures like cellphone towers, industrial 
chimneys and high-rise buildings face 
problems with strong winds and natu-
ral disasters, especially in the current 
climatic environment. 

Due to earthquakes or even strong 
winds, these structures will sway. If 
the swaying becomes too eratic, it 
can result in a collapse. Mathematical 
models exist to describe the motion 
of these structures when subjected to 
these situations. 

The problem is, however, that there 
are some constraints in the computa-
tional methods used to describe this 
motion. Researchers at the University 
of Pretoria have shown that some of 
these constraints can be relaxed and 
the models can be improved. 

“This can help engineers decide 
how to proceed in selecting materi-
als, measurements and other factors 
in the designing of these structures,” 
says Dr Belinda Stapelberg. 

“Strategies may include, for exam-
ple, inserting heavy weights to coun-

teract the swaying of the structure, 
like in the Taipei 101 tower, where a 
660-ton weight has been inserted in
the observatory. This counteracts wind
and earthquake-induced oscillations.”

Engineers in the construction indus-
try can contribute to this research by 
collecting and providing data for anal-
ysis. Studies such as this could then 
be extended to include the effects of 
certain building characteristics or en-
vironments. 

The Taipei 101 (on the right) is fitted with a tuned mass damper to keep it from swaying.
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Many people living with HIV in 
South Africa are not taking their 

antiretroviral (ARV) medication due 
to the stigma associated with the 
medication and myths surrounding its 
safety and toxicity. Many individuals 
also defect from their treatment due 
to side effects associated with their 
ARV treatment. 

One way to fight the spread of dis-
information is to provide transpar-
ent information on how these drugs 
work in the human body, with both 
the negative and positive effects in-
cluded.  While the negative effects 
could be communicated by showing 

how some organs are affected by the 
treatment, the positive effects could 
demonstrate how it boosts the CD4 
counts. But first, the drugs need to 
be studied in more detail within the 
human body.

Pharmacokinetics is the study of 
the way that a drug is absorbed and 
distributed in the body, as well as how 
it is metabolised and excreted. This 
kind of modelling has become one of 
the popular tools for HIV analysis.

The pharamacokinetics model is 
associated with difficulties ranging 
from exploratory and empirical, to 
semi-mechanistic. Typically, the evo-

lution of epidemiological models is 
described with differential equations 
and derivatives of the integer order.  
Nevertheless, advances in fractional 
calculus have made pharmacokinet-
ic models valuable tools for HIV drug 
analysis.

“Fractional-order models of real 
systems are often more accurate 
than the usual integer models. As 
pharmacokinetics models rely on 
multiple systems, they can be more 
precisely modelled by using fractions, 
equations, and a bit of calculus,” said  
Sinenhlanhla Mtshali.

Using numbers to fight 
HIV disinformation
An analysis of how ARV medication 
is absorbed in the body could boost 
ARV uptake.

The use of ARV medication could increase by providing transparent information on it.

Sinenhlanhla Mtshali is a PhD 
student in applied mathematics at 
the University of Johannesburg. 

Orcid ID:  
https://orcid.org/0000-0002-1292-7503

49

https://www.wits.ac.za/coe-mass/
https://www.wits.ac.za/coe-mass/
https://orcid.org/0000-0002-1292-7503
https://orcid.org/0000-0002-1292-7503


OPERATOR ALGEBRAS AND FUNCTIONAL ANALYSIS



Presented in association with 
DSI-NRF Centre of Excellence in 
Mathematical and Statistical Sciences 
(CoE-MaSS), this programme forms 
part of #theArtofResearch, an 
initiative of research communication 
specialists Jive Media Africa. 

A model for all problems
Pure mathematics can give us a way 
to deal with complex problems in our 
daily lives.

We all make use of models to navi-
gate our world. For these models 

to work, they need to closely reflect the 
real world, so that we can apply it to 
our daily problems. 

However, our models often do not 
work in reality – the actual results are 
not reflected in what we predicted. This 
could lead to catastrophic outcomes 
in a field where critical decisions with 
far-reaching consequences are made, 
such as public policy.

“An inaccurate model of the econ-
omy and society could suggest that a 
particular policy action will make soci-
ety prosper. It may, in fact, damage or 
destroy society,” says Walt van Amstel.      

For example, in 1847, doctors didn’t 
wash their hands because the accept-
ed “model” was that germs spread 
through bad air. Eventually, Hungar-
ian obstetrician Ignaz Semmelweis 
realised that a higher proportion of 
women were dying after childbirth 
when they were assisted by medical 
staff (who often came from doing au-
topsies) than those being helped by 
midwives. Semmelweis had noticed a 
mathematical discrepancy that alert-
ed him to the fact that they were using 
an incorrect model.

Pure mathematicians are constant-
ly confronted with the assumptions 
they make in their work. They attempt 
to make their assumptions as simple 
as possible while developing rich and 
complex theories. 

“When developing a new idea, we 
have to be very careful that this idea 
is consistent with the existing body of 
knowledge in the field we are working 

in and we also need to be able to mo-
tivate why this new thing adds value.”

This requires constantly checking 
up on the assumptions used.

“Pure mathematics may not solve 

all our daily problems, but it can guide 
us concerning how we should go about 
thinking when we formulate and tack-
le the problems the world faces.”

Pure mathematics can give us new guidelines for thinking about our world.

Walt van Amstel is a PhD student in 
functional analysis at the University 
of Pretoria.

Orcid ID:  
https://orcid.org/0000-0003-2406-0908
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Completing the circle in 
structural design
Mathematicians at Wits are developing a 
theory that will help to decrease the risk 
involved in the design of curved structures.

Paballo Pule is a Pure Mathematics 
student at the University of the 
Witwatersrand, focusing on Spectral 
Theory.

Orcid ID:

https://orcid.org/0000-0002-5009-1292 

Mechanical engineers and pro-
fessionals designing circular or 

curved structures face the challenge of 
achieving aesthetically pleasing struc-
tures such as bridges or roofs of build-
ings.

One of the problems that they face 
is the inability to correctly describe 
and quantify the different types of vi-
brations these structures can undergo 
before collapsing. A typical example of 
this is the collapse of the Tacoma Sus-

pension Bridge in the US in 1940. This 
disaster resulted in major commercial 
loss and public outcry.

Mathematicians from Wits are cur-
rently working on developing a com-
prehensive theory that will assist 
engineers in accurately determining 
these vibrations. Using previous works 
from a number of scientists who have 
investigated this phenomenon, these 
mathematicians will use the results to 
build more applicable guidelines and 

standards for building curved struc-
tures. 

“The successful delivery of these re-
sults will allow for the better design of 
these structures before building them. 
This would make them safer and pre-
vent unnecessary loss of life,” says 
Paballo Pule. “This way, contractors, 
engineers and government sectors 
can also prevent legal and commercial 
repercussions in the long run.”

Difficulties in the design of curved 
structures can be mitigated with 
the help of Pure Mathematics.
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Exploring new methods for solving  
nonlinear problems 
Reseach group studies complex problems that are almost 
impossible to solve directly.

Felicia Obiageli Isiogugu is a staff 
member of the University of Nigeria
and a postdoctoral fellow at the 
University of KwaZulu-Natal. She 
specialises in nonlinear operator 
theory.

Orcid ID:

https://orcid.org/0000-0002-3959-9562 

By using mathematical models, 
mathematicians can express the 

relationships between natural, phys-
ical, chemical and economic events 
that are time-dependent, such as pop-
ulation growth, economic growth, the 
position of a moving object, the de-
pletion of the ozone layer and water 
pollution. 

While some of these relationships 
are so simple that they can be repre-
sented by linear equations and solved 
using simple direct methods, the ma-
jority are very complicated and in-
directly related, as they contain too 

much information, some  of which 
could  help to solve  optimisation, vari-
ation and equilibrium problems. They 
are then expressed as ordinary dif-
ferential or integral equations, which 
are very difficult and sometimes even 
impossible to solve directly.

 Since the information about these 
relationships is very useful in govern-
ment and  organisations’  policy-mak-
ing,  mathematicians are faced with 
the challenges of developing indirect 
and efficient methods to solve these 
nonlinear models. They also need to 
develop software programmes, so 

that they can run these methods on 
computers. 

Supported by the CoE MaSS, re-
searchers at the University of Kwa-
Zulu-Natal have started a research 
group that consists of both mathema-
ticians and computer programmers 
to address these problems.

“We have already managed to de-
velop new and very efficient tools for 
solving some of these complicated 
models and published some of our 
achievements in accredited journals,” 
says Dr Felicia Isiogugu.

Research group brings mathematicians and computer scientists together to study complex problems.
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Finding the solution to 
real-world puzzles
Algorithms using fixed point theory 
can solve a wide variety of real-life 
problems.

“Ma’am, what’s the point of maths? 
When am I ever going to use this in 

real life?” This is a question echoed in 
classrooms all over the world, prob-
ably every single day. The answer is 
that mathematics is tightly woven into 
the essence of our universe, into the 
fabric of our scientifically advanced 
society. It is not only highly applica-
ble to daily life, it is vital to life as we 
know it.

One particular branch of mathe-
matics, called fixed point theory, has 
found its way into the applied scienc-
es: biology, chemistry, economics, 
and engineering. It is even used in 
game theory, a branch of mathemat-

ics that is used for making decisions 
rationally, where the result of one 
person’s decisions is affected by the 
decisions others are making (e.g. in 
war and politics). 

Fixed points in mathematics are 
points on a function (or graph) where 
the x and y values have the same 
value. The theory of such fixed points 
is a mixture of analysis, topology and 
geometry and it is one of the most 
important and powerful tools in solv-
ing certain problems – making it an 
extremely attractive field to study. 

Fixed point theory contains solu-
tions to several optimization prob-
lems such as variational inequalities 

which find their application in image 
recovery, signal processing and ma-
chine learning. 

Researchers at the University of 
KwaZulu-Natal are working on de-
veloping algorithms to solve several 
optimization problems that can be 
applied to real-life situations, in fields 
as varied as physics and finance.

“Variational inequality plays an im-
portant role in some of the problems 
arising in several branches of pure 
and applied sciences,” says Hammed 
Abass. “These can be applied to solve 
a number of real-life challenges in a 
wide variety of fields.”

Applications of fixed-point Algorithms to solve real life problems. 

Hammed Abass is a postdoctoral 
fellow in functional analysis at the 
University of KwaZulu-Natal.

Orcid ID:  
https://orcid.org/0000-0002-4236-3278

Further information: 
zation_problems_Journal_of_
Nonlinear_Functional_Analysis/
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inertial-forward-backward-splitting-method-
for-approximating-solutions-of-certain-
optimization-problems-Journal-of-Nonlinear-
Functional-Analysis.pdf
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There is a growing need to under-
stand the dynamics that affect 

populations of organisms over time. 
These dynamics make up one of the 
major components of modern eco-
logical research. 

Several processes occur simulta-
neously within a population, which 
can affect its size and dynamics. It is 
important to know what factors con-
tribute to the average abundance and 
cause fluctuations in population sizes. 
Nutrition, competition and pollution 
are examples of such factors which 
are pertinent to plants and animals.

“The dynamics in population sizes 
are governed by mathematical mod-
els,” says Mathew Aibinu. “There are 
series of population models and each 
applies to different environmental cir-
cumstances. For example, one sce-
nario might be to consider the time 
required for food supply to recover 
after grazing.”

Models  such as these which put the 
essential factors into consideration 
often defy analytical solutions. The 
difficulty in finding their exact solu-
tions impose great limitation on their 
wide usage.

Researchers at the Durban Univer-
sity of Technology have been work-
ing on creating a general population 
dynamics model. The solutions and 
analysis are given for single and inter-
acting species population models. 

“This study will help to answer how, 
when, and why the changes in popu-
lation sizes occur,” says Aibinu. “It will 
assist researchers to evaluate the im-
pact of the physical environment on a 
species and to determine whether the 
population in a given area will increase 
or decrease.”

How many will there be?
A general population dynamics model 
can help conservation practitioners to 
plan ahead.

Population sizes can be predicted through mathematical models.

Mathew Aibinu is a postdoctoral 
fellow in applied mathematics at the 
Durban University of Technology.

Orcid ID:  
https://orcid.org/0000-0003-4901-1440 

Further information: 
https://www.up.ac.za/cf-biomath2021/
conference/abstracts/all
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Maths for the business 
world: Optimising profits
Optimisation theory can provide security 
to business owners in a changing world.

Business people are focused on two 
things: maximising profits and re-

ducing costs. However, with so many 
variables in the business market, it is 
sometimes difficult to know what choic-
es to make. For instance, the price per 
barrel of oil affects so many things that 
a fluctuation in its price can be felt in 
every nook and cranny of our world. 
A company can either be positively or 
negatively affected by even the small-
est of changes in the cost of fuel. 

Researchers at the University of 
KwaZulu-Natal are studying theories 
to optimise the methods that business 

people apply in various market situa-
tions so that they can come up with 
the best solution for any given situa-
tion. 

“Whether you are a small business, 
an individual, or a corporate, you want 
to get the most out of your earnings 
and what it purchases, while minimis-
ing cost,” says Olawale Oyewole. “But 
if there is no optimised structure to 
these transactions, then every sell-
er and buyer does just what they like, 
which creates instability and insecuri-
ty in the market.” 

Multiple studies have investigat-

ed the best way to optimise business 
methods. These have been applied 
from the biggest corporate level down 
to the individual. However, more and 
more methods are still being proposed 
every day. 

“Without theory and modelling to 
optimise business decisions, the world 
would be full of insecurities. What you 
get yesterday might not be exactly 
what you get today. We try and provide 
a framework for the business owner to 
operate at maximum efficiency.”

Optimization theory can help 
small to large business owners.

Olawale Oyewole has recently 
completed his PhD specialising in 
fixed point and optimisation theory 
at the University of KwaZulu-Natal.

Orcid ID:  
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Further information: 

https://doi.org/10.1080/00036811.2021.1

976755
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Seeing the light 
through maths
Quaternions could be used to analyse 
the polarization of light when two 
beams cross.

Scientists and engineers working 
in the field of linear optics may 

describe a beam of light in terms 
of intensity, and how polarized it is 
(meaning how much of the light is 
moving in one plane, vertically or 
horizontally). 

When it comes to transforming 
one beam of light into another, it is 
necessary to know under what condi-
tions this transformation is possible 
and studying polarization and de-
polarization of light can help. When 
studying polarization and depolari-
zation phenomena in scatterings of 

light particles, it is important to look 
at characteristics such as the angle of 
an incoming beam of light. 

Light beams move through three 
dimensions and describing where 
they are and how the light parti-
cles behave, would be a problem if it 
wasn’t for quaternions. Quaternions 
form a number system that provides 
a convenient way for mathematicians 
to represent movement in 3D space 
and how things are rotated.

While studying polarization and de-
polarization of light, quaternions are 
valuable for analysing the problem.

Researchers at North-West University 
have been researching these quater-
nions. 

“This new research might be able 
to improve the methods of polariza-
tion and depolarization or contribute 
to the representation of optical media 
in linear optics in some other exciting 
ways,” says Madelein van Straaten. 

“Since polarization is used in the 
producing of 3D movies and in seis-
mology when studying earthquakes, 
this research could find applications 
in these and other fields.”

Maths could be used to analyse the behaviour of light when beams cross.

Madelein van Straaten is a PhD 
student in linear algebra at North-
West University.

Orcid ID:  
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https://doi.org/10.13001/ela.2021.5935 
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Solving problems does not 
need to be complex
The “implicit midpoint rule” can help us 
find solutions to daily questions.

Mathew Aibinu is a PhD student at 
the University of KwaZulu-Natal.

Orcid ID:

https://orcid.org/0000-0003-4901-1440 

Further information: 

www.isr-publications.com/jnsa :  

Aibinu et al. The implicit midpoint rule of 

nonexpansive mappings and applications 

in uniformly smooth Banach spaces

People are always struggling to find 
solutions to a range of questions. 

Businessmen and businesswomen look 
for ways to optimise profits, individuals 
think of ways to improve their health, 
industries search for procedures to 
minimise costs, and academic institu-
tions seek ways to maximise the use 
of resources. These are all examples of 
optimisation problems. 

Mathematical tools called ordinary 
differential and differential algebraic 
equations can be used to solve these 
optimisation problems. The solutions 
can help individuals to understand 
the importance of taking basic health 

tips, the heads of the institutions to 
value and adopt right strategies, and 
the businesses to serve their custom-
ers more effectively. However, these 
are often highly complex and dynamic 
problems influenced by multiple fac-
tors, and sometimes cannot be solved 
by simple means.

One of the best methods to solve 
such nonlinear equations, or complex 
equations, is called the “implicit mid-
point rule”. 

“This is an approximating and iter-
ative method that gives solutions with 
minimised computational errors,” says 
Mathew Aibinu, a PhD student at the 

University of KwaZulu-Natal. “Indeed, 
it often gives accurate solutions that 
lead to right predictions.”

Researchers at the University of 
KwaZulu-Natal and the University of 
Lagos, Nigeria, studied the implicit 
midpoint rule to solve complex prob-
lems. 

“Many problems that we encoun-
ter daily will remain unsolved with-
out application of mathematical tools. 
Using right approximating methods 
has helped to predict, plan and avert 
some difficulties.”

The implicit rule helps 
us find solutions to 
daily problems.
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The ins and outs of electrical devices
Designing electronic systems can be enhanced in terms of 
efficiency and accuracy through mathematical methods.

Alma Naudé is a student in 
mathematics at the North-West 
University. 

Orcid ID: 

https://orcid.org/0000-0001-8057-8301 

In science, computing and engineer-
ing, the term “black box” refers to a 

system of which the internal workings 
are unknown and which is viewed in 
terms of its inputs and outputs.

The general need for systems to 
work more effectively serves as mo-
tivation to scientists, or more specif-
ically to mathematicians, to establish 
the details of a black box. Therefore, 
the focus is either on determining the 
inner workings of a system, or on es-
tablishing a certain set of outputs from 
a specific set of inputs in the system. 

In order to do this, they need an ac-
curate way to “map” given inputs of 
a system to existing and known out-
puts, or alternatively find a way to de-
termine accurately the behaviour of 
a system ahead of time, given certain 
requirements for the inputs.

Researchers at the North-West Uni-
versity are applying existing math-
ematical theories to this problem. 
Having information about the eigen-
values of a system (or the stability of 
the system) can ensure that the out-
come of a system be known ahead of 
time.

“Our other focus is a type of interpo-
lation problem, where we are looking 
to find an accurate map that connects 
given inputs to known outputs,” says 
Alma Naudé.

While the study group’s focus is 
mostly on problems faced by electrical 
engineers, it is believed that success-
ful research would increase efficiency 
and accuracy in a variety of processes 
that take place in different work envi-
ronments.

 Determining the inner workings of an electronic device can be a maze.
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Trading with a safety net
Machine-learning tools can help traders 
navigate through the difficult decisions 
they have to make on a daily basis.

Choices are part of life, whether in 
your job, home or personal life and 

we all have to make difficult choices 
between two or more alternatives from 
time to time. 

For every choice that we make, 
there is always a tradeoff. That is why 
it is so important for people to make 
the right choices – especially in gov-
ernment. 

People who work in the financial 
trading markets and other organisa-
tions that are faced with profit-mak-
ing and cost reduction are faced with 
difficult decisions on a daily basis. 
Making the wrong decision can have 
lifelong repercussions.

Researchers at the University of 
KwaZulu-Natal are working on itera-
tive algorithms that may help predict 
the financial markets to help traders 
make correct decisions.  

“We introduced iterative schemes 
that help to predict the solution of 
optimisation problems. When we 
have answers to these optimisation 
problems, we can model and describe 
the financial market much more ac-
curately,” says Dr Akindele Adebayo 
Mebawondu.

As financial markets are so com-
plex, coming up with an algorithm 
that will accurately reflect these com-
plexities, is a tough challenge. 

“A lot of research has already been 
done on this and it is still a develop-
ing field.” 

The correct algorithm can make tough decisions easier for traders. 

Akindele Adebayo Mebawondu 
is a postdoctoral researcher in 
nonlinear analysis and operator 
theory at the University of KwaZulu-
Natal.
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Looking into the  
climate crystal ball
Predicting extreme temperature events 
accurately can save lives in Limpopo.

Anna Seimela is a master’s student 
researching extreme value theory at 
the University of Limpopo.

Orcid ID:  
https://orcid.org/0000-0001-7485-3477

South Africa’s Limpopo Province is 
one of the hottest provinces in the 

country. It also receives very little rain-
fall during the year, which affects water 
availability, food production, and biodi-
versity. The sectors that suffer the most 
from extreme heat events are the agri-
cultural, economic, health and energy 
sectors.  

It is expected that extreme temper-
ature events will become more fre-
quent in South Africa due to climate 
change. This is especially true of Lim-
popo.

Extreme high-temperature events 
such as heat waves often result in loss 
of plant and animal species, losses in 

economic goods, high energy demand 
for air conditioning, and could even 
result in the loss of lives. 

On the other hand, low-temperature 
extremes usually result in the freezing 
and bursting of water pipes, a rise in 
the demand for fuels and electricity, 
as well as animals not being able to 
graze and dying of starvation.  

Researchers at the University of 
Limpopo are working on methods to 
model temperature extremes in the 
province, using extreme value theory 
(EVT).

“EVT is something we use in sta-
tistics to predict extreme scenarios,” 
says Anna Seimela. “Usually, extreme 

values (like extreme temperatures) 
cause problems in statistical models 
and they fall on the outskirts of our 
data. They are erratic and unpredict-
able. Using EVT, we can predict the 
occurrence of extreme values more 
accurately.”

The aim is to develop a better meth-
od to predict extreme temperature 
events and to create awareness in the 
community on the effects of tempera-
ture extremes. 

“Decision-makers can also use our 
models to develop and implement 
tools that will reduce the negative im-
pact of extreme temperature events 
in the province.”  

Accurate predictions of extreme temperature events can save lives. 
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The past anniversary of lockdown has 
highlighted how much people are 

struggling to cope. Many people take 
to social media to vent their struggles, 

or cry out for help, but will anybody ac-
tually take notice?

People think that when they post 
their feelings on social media, it will be 

seen by at least one person that may 
provide comfort. However, the sheer 
amount of posts, catered algorithms 
and mindless scrolling result in cries 
for help never being seen or not being 
taken seriously.  

Researchers at Stellenbosch Uni-
versity are working in the field of sen-
timent analysis to see if they could be 
of help. They have been using statisti-
cal programming to take posts apart 
word by word, tag certain words, and 
score them based on their relative 
gravity.

Current sentiment analysis tech-
niques tag words as positive, nega-
tive or neutral by comparing them to 
a dictionary of existing words. This 
can be extended by creating a diction-
ary of words relating to mental health 
issues, ranging from words such as 
“feeling low,” “stressed” or “angry,” to 
more nuanced words such as “empty” 
or “exhausted,” which can seem like 
words used in normal contexts but 
should be considered as a red flag.  

The current statistical technique 
can be used in the same way by tag-
ging words in each post and then clas-
sifying the post based on the intensity 
of help needed. 

“This research will provide a tool 
for the education and progression of 
mental health awareness and to pre-
vent unseen struggles,” says Zoë-Mae 
Adams.

Rescue for those lost in 
a sea of posts
Statistical analysis of social media 
posts can highlight cries for help.

Cries for help on social media can often go unnoticed.

Zoë-Mae Adams is a master’s 
student in statistics at Stellenbosch 
University.
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The high mortality rate for children 
under five years old is a serious 

concern globally, especially in south-
ern Africa. 

While there has been a substantial 
drop in the global child mortality rate, 
approximately 6.6 million children 
around the world die before their fifth 

birthday - every single year.  The ma-
jority of these children’s deaths occur 
in sub-Saharan Africa, including South 
Africa. 

One of the Millenium Development 
Goals was to reduce the child mortali-
ty rate for children under five by two-
thirds by 2015. While governments 
throughout the world have made ef-
forts and commitments to create an 
environment that provides quality 
health care for children, this goal was 
not reached. When the follow-up Sus-
tainable Development Goals were in-
troduced in 2016, they came with a 
renewed focus on child mortality.

“It is vital that we find a solution to 
the high child mortality rate, especial-
ly in South Africa. The aim isn’t just to 
reach the international goals, but that 
we can provide decent health care to 
each and every child in the country,” 
says Kgethego Makgolane.

Currently, biostatistical research 
at the University of Limpopo is cen-
tered on investigating the influence 
of factors such as birth size, postna-
tal checkups, maternal education, and 
the source of drinking water on early 
childhood mortality.

“If we can pinpoint the risk factors 
for early childhood mortality by using 
various statistical models, this can as-
sist policymaking and survival inter-
ventions. Hopefully, we can save some 
of the lives that are being lost so pre-
maturely.”

Statistical hope for  
beating child mortality
Statistical models can assist in building 
survival interventions and aid policy.

All children have the right to a safe and healthy life. 

Kgethego Makgolane is a master’s 
student in the department of 
statistics and operational research 
at the University of Limpopo, 
specialising in biostatistics.

Orcid ID:  
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The science of making money
Mathematical models can be used to determine 
optimal buy and sell timing decisions for stock 
market trading. 

Farai Mlambo is a lecturer at the 
University of the Witwatersrand, 
and his research is in the statistical 
modelling of economic and financial 
cycles.

Orcid ID:
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Investors often rely on a number of 
subjective perceptions and opinions 

when it comes to making investment 
decisions on the stock market. 

The problem with these psycholog-
ical drivers is that they are unsustain-
able. Investment cannot be seen as a 
game of chance. A proper scientific 
way to find the best time to buy and 
sell could be highly valuable in invest-
ment decision-making.  

Profit maximisation depends on 
buying when the price is lowest and 
selling when the price is highest. The 

process can be seen as a cycle dat-
ing problem, where the trough of the 
cycle is the best time to buy and the 
peak the best time to sell.

Data science – a contemporary field 
consisting of applied mathematics, 
statistics and computer programming 
– offers a practical, scientific solution
in data and predictive analytics that
can be used to maximise profits.

Using the Wolfram Mathematica 
language, which allows for symbolic 
computation and flexibility of mathe-
matical modelling, South African ac-

ademics have developed a statistical 
model of stock trading profit maximi-
sation.

“We employ a wavelet-based model-
ling approach, wherein functional rep-
resentations of the stock price yield a 
continuous, differentiable function for 
which turning points can be evaluated 
using differential calculus,” says Farai 
Mlambo. 

The models provided have been 
tested with historical data from select-
ed stock indices and show how one can 
realise maximised financial returns. 

Mathematical modelling can 
take the guesswork out of stock 
market trading.
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Unleash science on the 
unemployment problem
The South African government could reduce 
unemployment by gaining insight into the 
employed and unemployed quantitatively.

Thanyani Maremba is a statistician 
in the field of survey sampling at 
Statistics South Africa.

Orcid ID:

https://orcid.org/0000-0001-7833-8106

Better understanding of the problem 
could help us reduce unemployment.

South Africa is struggling with bring-
ing down the high unemployment 

rate in the country.
Many of the country’s youth are des-

perate to become economically active, 
and the government is responsible for 
developing and implementing policies 
that will assist in bringing the unemploy-
ment rate down. 

Unemployment cannot be looked at 
in isolation, as the economic growth of 
the country also needs to be factored 
in. As former minister of finance, Tre-
vor Manuel, said: “If we can’t measure 
it, we can’t manage it.” Before the gov-

ernment can implement a policy, it is 
important to have an in-depth, quan-
titative understanding of what the  
problem is. 

Organisations such as the Interna-
tional Monetary Fund, the World Bank, 
the Department of Labour and the 
United Nations have guidelines to col-
lect employment statistics. Institutions 
such as the national statistics offices, 
research houses and universities are 
perfectly positioned to act as possible 
implementation agencies to study un-
employment rates, following the best 
internationally accepted methods.

These agencies would be able to 
gather the relevant information from 
citizens and use their scientific knowl-
edge to analyse the data and provide 
a clear picture of the unemployment 
problem. 

“By funding these agencies, we 
would allow them to analyse the un-
employment statistics and provide 
legislators and policymakers the tools 
to formulate policies that would sup-
port potential industries to stimulate 
growth and reduce unemployment,” 
says Thanyani Maremba. 
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Accurate predictions of extreme temperature events can save lives. 

Using machine learning to 
fight COVID-19
Machine learning models can help predict 
the status and severity of COVID-19. 

Lengthy turnaround times for 
COVID-19 tests waste time in the 

diagnosis and treatment of patients, 
especially where there is a shortage 
of hospital beds. 

A team of doctors and statisticians 
from the University of the Witwaters-
rand, Johannesburg are collaborating 
to come up with statistical and ma-
chine learning models to predict and 
accurately classify whether a patient 
is positive for COVID-19, as well as to 
predict the severity of the disease. 
The model makes use of routine lab 
test analytes such as blood glucose 

levels and white cell counts.
“The machine learning models are 

just a way of teaching a computer how 
to identify an individual with COVID-
19,” says Cyril Chironda.

“We teach the computer from avail-
able data and see how well it can pre-
dict, and test its prediction accuracy 
on new data. We do this over and over 
again until the prediction capability 
of the computer is high.”

One of the most promising ma-
chine models used is a family of mod-
els known as neural networks. These 
models work almost the same way as 

the brain. This has shown good results 
with the average prediction accuracy 
to date being 94%. 

“The aim of the research is primar-
ily exploratory, to build a foundation 
for gaining access to more funding. 
However, it is especially important to 
get the system adopted into health 
care facilities as this will help health 
care workers with the diagnosis of 
COVID-19, with bed allocation, isola-
tion of candidates and general man-
agement of the pandemic.”

Cyril Chironda is a master’s student 
doing mathematical statistics 
focusing on biostatistical machine 
learning at the University of the 
Witwatersrand, Johannesburg.
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What? No efficient transit 
system in 2018
Using a genetic algorithm to optimise efficiency in the 
public transport sector could ensure a reliable, easily 
accessible and affordable transport system.

Mandisa Mhlanga is an MSc student 
in mathematical statistics at the 
University of the Witwatersrand. 

Orcid ID: 
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Areliable public transportation sys-
tem is an essential part of our mod-

ern lives, and it is unthinkable that for 
some communities, such a transit sys-
tem does not exist. 

The majority of Zimbabweans don’t 
have cars and have to travel long dis-
tances to get to and back from work. 
Commuters often have to pay large 
amounts, while spending long periods 
of time (including transfers and wait-
ing time) on the road. 

On the other hand, service provid-
ers need to provide transportation at 
a profitable cost, while keeping fares 
low – all while dealing with decreased 
operational resources.

Researchers at Wits University are 
using a genetic mathematical algo-
rithm to optimise the design of the 
transportation system in order to find 
a solution that benefits both the ser-
vice providers and the commuters, 
by maximising profits while lowering 
costs and transit times. Routes are re-
designed to be synchronised and to 
start and stop at popular spots, while 
other issues such as environmental 
concerns are addressed.

Statistician Mandisa Mhlanga be-
lieves this process needs to be in-
clusive. “All stakeholders need to be 
involved, so that everybody – espe-
cially those who will be using the sys-
tem – agrees on what is expected.” 
The outcome of this project would en-
sure a smoothly operating transport 
system that would create employment 
and improve the economy and lives of 
communities.

A smoothly operating public transport system is essential for our modern lives.
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Cancer is a painful disease that af-
fects many people and often leads 

to death. Nobody is left untouched by 
cancer. While fighting back is in our 
hands, we need the necessary tools to 
be able to do so. 

Researchers at the University of 
KwaZulu-Natal are looking for ways to 
treat cancer by getting a better under-
standing of how the disease works. 

“By modelling cell pathways – a 
cascade of genes and chemical com-
pounds involved in cell functions and 

growth - and examining when exactly 
cancer cells develop and what makes 
them thrive, we manage to gain a bet-
ter understanding of how the disease 
works and spreads,” says Nkululeko 
Qwabe.

Qwabe and his colleagues are build-
ing mathematical models, based on 
data found in their research. 

“We are trying to find ways of ‘suf-
focating’ cancerous cells by looking at 
the chemical pathways it uses within 
the cell. If we can block the pathways, 

hopefully, we can prevent it from 
spreading.”

The research will hopefully lead to 
making cancer more manageable for 
patients. 

“It would be great if we can get pol-
icymakers to see the value in our re-
search, and perhaps implement some 
of the positive outcomes and sugges-
tions from our research so that it could 
lead to positive change for cancer pa-
tients.” 

Erecting a roadblock 
for cancer 
Blocking the pathways of cancer might 
help stop the spread of the disease.

New treatment of cancer can give new hope to cancer patients.

Nkululeko Qwabe is a PhD student 
in applied mathematics at the 
University of KwaZulu-Natal. 
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In search of new dimensions
Theoretical and experimental teams  
must work closely together to find answers 
to our universe.

Most of us accept that our universe 
consists of three dimensions. How-

ever, while we have little information on 
a fourth, fifth, and even more dimen-
sions, physicists are sure that these 
exist. Our universe may have many 
more dimensions than we are aware of. 

But how do you prove that something 
exists while there is so little evidence 
of it? Any experimental attempts to 
try and understand the universe usu-
ally need theoretical data to compare 
their experimental data with. 

In response to this dilemma, 
researchers at the University of Kwa-
Zulu-Natal are studying conformal 

symmetries. With conformal sym-
metries, physical principles work the 
same, whether you’re working on a 
massive scale of thousands of light-
years apart, or things that are only a 
split second apart. 

By using this advanced form of  
mathematics, the researchers are 
hoping to find solutions to astrophys-
ical and cosmological phenomena. 
These solutions could provide insight 
into the universe and can potentially 
be tested through experimental meth-
ods, such as using large telescopes. 

“We can get some theoretical solu-
tions by analysing previous equations 

and using them to look for conformal 
symmetries in four – or other – dimen-
sions,” says Ayanda Kunyana.

In order to do this, experimental-
ists must work closely together with 
theorists to speed up the process of 
collecting data. This avoids repeating 
experiments due to a lack of data. 

“The theoretical data can provide a 
framework for conducting experimen-
tal work. This prevents the undertaking 
of expensive repeated experiments. 
The experiments, on the other hand, 
are vital to prove the theoretical work, 
so it is crucial that experimentalists 
and theorists work together.”

Ayanda Kunyana is a PhD student 
in symmetries at the University of 
KwaZulu-Natal.

Orcid ID:  
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Our universe has many more dimensions than we are aware of.
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