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1. Introduction 
Data science (DS) is the scientific investigation that employs innovative 
approaches and algorithms, most notably machine learning algorithms, for 
processing and analysing data. DS technologies can be applied to both small 
and big data, of various types such as relational, images, video, audio, and 
text. Big data constitutes extremely large data sets that may be analysed 
computationally to reveal patterns, trends and associations, especially relating 
to human behaviour and interactions.  
This programme focuses on enabling students to develop innovative 
optimisation and machine learning techniques to produce novel, efficient and 
robust data science technologies, for use in Industrial Engineering, 
Engineering Management and related applications. Examples include:  
Forecasting  
Forecasting customer demand requires the analysis of a large amount of data and is essential to operating an 
efficient business which meets customer requirements. Retailers conduct millions of transactions on a daily basis 
generating datasets which suppliers then can utilize to understand demand patterns and schedule production and 
deliveries.  
Customer segmentation and targeted marketing  
A key concept in the business world is that not all customers are the same. Different customers may have a different 
impact on a company’s profitability and each customer will most often demonstrate unique buying behaviour. DS 
techniques can play a significant role in determining the optimal segmentation of customers, where companies 
often have hundreds of customers which need to be serviced. Furthermore, customer order history can be used to 
predict future behaviour and develop targeted marketing strategies.  
Production quality control  
A large number of quality control and assurance systems have been developed over the last couple of decades to 
monitor production and predict when a production system will no longer meet specifications. The use of more 
intelligent DS algorithms can play a significant role in early detection of changes in the production system 
performance and minimization of expensive wasted production time.  

Supply chain performance prediction  
The process of delivering a product from customer order to order 
delivery involves a large number of resources and incorporates a large 
amount of uncertainty. Different supply chain partners e.g. 
warehouses, transport services, manufacturers and more may be 
involved in a specific order. DS techniques can add immense value in 
making sense of the millions of records of supply chain data generated 
on a daily basis.  
Process Monitoring 
Advances in online monitoring and data collection present an 
opportunity to enhance the efficiency, sustainability and profitability of 

chemical and mineral processing plants. For example, condition-based maintenance is an approach to monitor the 
condition of assets and inform decisions regarding planned preventative maintenance; machine learning 
techniques can be used to provide deeper insights into equipment conditions using all available measurements. 
Another example includes operation state identification, whereby normal operating conditions (NOC) are defined 
based on feature extraction from measured data. Any deviation from NOC can be used to identify potential faults, 
and the origin of the fault can be traced using causality analysis. These are but a few of the machine learning 
techniques currently applied in the process engineering industry. 
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2. Programme Contents 
The programme consists of 8 x 15 credit modules, that will be presented in blocks (each block has a duration of 
one week), and students must attend these blocks at Stellenbosch University. Assignments for each module will 
be required to test the application of the theory exposed to in the module. Students will automatically be registered 
for the Professional Communication 771 module of 1 credit to be completed online. 
The detailed course content is as follows: 

Module Description Credits Responsible 
GENERIC STRUCTURED MODULES 

Project 
Management 
713 
 

The module focuses on advanced topics in project management, 
and it is expected that participants have either attended a project 
management course or have experience in managing projects. 
The module builds on the traditional project scheduling by 
addressing critical chain management and looks at managing 
project risks through the identification and assessment of risk 
potentials and mitigating strategies, including resource / cost 
management and contingency planning. The selection of 
appropriate teams and structures to facilitate contract management 
are discussed, along with executing project leadership through 
proper communication channels. The importance of procurement, 
from tender procedures through to supplier selection will be 
highlighted. The different nuances between commercial and 
research projects will be explained. 

15 Dr Nel & Prof 
Schutte 

(Industrial 
Engineering) 

Industrial 
Management 
744 
 

The purpose of the module is to present principles of general 
management within the context of technical disciplines. The course 
themes include the business environment and strategic 
management on a firm level, touching on the role of innovation and 
technology for competitiveness on a systems level from 
international and national perspectives. 
The course will include a significant focus on tools and techniques 
for technology and innovation management exploring the link 
between technology management and business management 
taking a capabilities approach. These capabilities include 
acquisition, protection, exploitation, identification and selection. 
We relate traditional approaches to technology management to 
what it means for the context of the fourth industrial revolution, 
platform economies and innovation platforms. 
The functions of engineering management, namely planning, 
organising, leading and controlling will also be discussed. This will 
include a specific focus on human resource management, both 
insofar as managing projects, people and groups is concerned as 
well as aspects of labour relations and specifically the labour law 
and contractual requirements in South Africa. We contextualise the 
above under the theme of “leadership”, with an exploration of 
different leadership styles, communication and motivation. 

15 Dr Pistorius 
& Prof 

Grobbelaar 
(Industrial 

Engineering) 

 

DATA SCIENCE MODULES 
Programming in 
R (Eng) 774 

R is a powerful programming language for data analysis and 
statistical computing. In this module, students will learn to become 
efficient in programming using R, with a specific focus on 
developing algorithmic solutions do data analytics problems. The 
module starts with the basics of R programming for Data Science, 

15 Dr Schmidt-
Dumont 

(Industrial 
Engineering) 
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Module Description Credits Responsible 
covering data types, data objects, control structures and 
input/output control. A strong focus is placed on using R for data 
engineering, and to get raw data ready for analytics and predictive 
modelling. Programs will be developed for visual analytics, data 
clustering, and for predictive modelling, including linear regression, 
decision trees, and random forests. 

Data Science 
(Eng) 774 

Data science is the application of computational, statistical, and 
machine learning techniques to gain insight into real world 
problems. The main focus of this module is on the data science 
project life cycle, specifically to gain a clear understanding of the 
five steps in the data science process, namely obtain, 
scrub/wrangling, explore, model, and interpret. Each of these steps 
will be studied with the main purpose to gain an understanding of 
the requirements, complexities, and tools to apply to each of these 
life cycle steps. Students will understand the process of 
constructing a data pipeline, from raw data to knowledge. Case 
studies from the engineering domain will be used to explore each 
of these steps. 

15 Prof Grobler 
&  

Dr De Kock 
(Industrial 

Engineering) 

Applied Machine 
Learning 774 

In this module students will be exposed to a wide range of machine 
learning techniques and gain practical experience in implementing 
them. Students will not only learn the theoretical underpinnings of 
several machine learning techniques, gaining an important 
understanding of the requirements, inductive bias, advantages and 
disadvantages, but also will gain the practical know-how needed to 
apply these techniques to real-world problems. The focus will be on 
information-based learning, similarity-based learning, error-based 
learning, kernel-based learning, probabilistic learning, ensemble 
learning, and incremental learning.  

15 Prof 
Engelbrecht 

&  
Dr Schmidt-

Dumont 
(Industrial 

Engineering) 

Optimisation 
(Eng) 774 

In this module students will learn about different classes of 
optimisation problems that can occur in the engineering domain, 
and will learn how to characterise the complexities of these 
optimisation problems. The student will learn a wide range of 
advanced meta-heuristics and hyper-heuristics that can be used to 
solve these different classes of optimisation problems. The student 
will gain experience in implementing advanced optimisation 
algorithms to solve real-world engineering optimisation problems. 
As one of the application areas, the module will explore ways in 
which optimisation techniques can be applied to improve the 
performance of machine learning algorithms, and to easily adapt 
machine learning approaches to non-stationary environments and 
data streams. 

15 Prof Van 
Vuuren,  

Mr Nel &  
Dr De Kock 
(Industrial 

Engineering) 

Big Data 
Technologies 
(Eng) 774 

This module focuses on the tools and platforms for big data 
management and processing. Big data management refers to the 
governance, administration and organization of large volumes of 
data of different types (both structured and unstructured). Efficient 
platforms to store and manage big data will be considered, 
including NoSQL, data warehousing, and distributed systems. Big 
data processing focuses on the 3V-characteristics of big data 
namely volume, velocity, and variety. Different architectures for big 
data processing will be studied, including map-reduce and 
graphical big data models. Students will obtain experience in big 
data tools and platforms, including Spark, Hadoop, R, and data 
virtualization. Other aspects of big data, such as data streams, data 

15 Dr Du Toit 
(Industrial 

Engineering) 
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Module Description Credits Responsible 
fusion, and data sources, including social media and sensor data, 
will be discussed. 

Data Analytics 
(Eng) 774 

In this module students will learn the data analytics life cycle, and 
how to apply each phase of this life cycle to solve engineering data 
analytics problems. Students will learn techniques for exploratory 
data analysis, and how to apply machine learning approaches for 
mining knowledge from data sets, to extract hidden patterns, 
associations and correlations from data. Students will gain the 
practical know-how needed to apply data analytics techniques to 
structured data. 
Students will learn advanced approaches to data analytics, with a 
specific focus on visual analytics, image analytics, text analytics, and 
time series analytics. The student will gain experience in the 
implementation of various techniques to extract meaning from 
these different data source types. The advanced data analytics 
techniques encountered will be applied to data intensive 
engineering problems. 

15 Prof 
Engelbrecht 
(Industrial 

Engineering) 

3. Programme Schedule 
The programme consists of 8 x 15 credit modules, that will be presented in blocks (each block has a duration of 
one week), and students must attend these blocks at Stellenbosch University. No further contact time will be 
required. The modules will consist of five data science modules, as well as two generic structured modules. The 
detailed programme schedule is as follows: 

Modules Date scheduled Venue 

Programming in R (Eng) 774 27-31 Jan 2020 BIRGA, Room B3008, Industrial Engineering 

Data Science (Eng) 774 10-14 Feb 2020 PO Sauer Room 1006* 

Industrial Management 744 24-28 Feb 2020 PO Sauer Room 1006* 

Applied Machine Learning 774 30 Mar - 3 Apr 2020 BIRGA, Room B3008, Industrial Engineering 

Project Management 713 4-8 May 2020 PO Sauer Room 1006* 

Optimisation (Eng) 774 22-26 Jun 2020 BIRGA, Room B3008, Industrial Engineering 

Big Data Technologies (Eng) 774 27-31 Jul 2020 BIRGA, Room B3008, Industrial Engineering 

Data Analytics (Eng) 774 31 Aug - 4 Sep 2020 BIRGA, Room B3008, Industrial Engineering 

*Classes on a Wednesday morning 08:00-10:00 will be presented in the Merensky Building, Room 2013 
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4. Module Co-requisites 
A student may choose to enrol for the programme as a full-time or a part-time student, where the main difference 
is the length of time allowed to enrol. It is expected of a full-time student to complete the programme in one 
years, however, the student may apply for a 2nd year with good motivation. A part-time student is expected to 
complete the programme in two years, however, the student may, with good motivation, apply for extension.  
In considering the part-time option, it is critical for the student to consider the co-requisites of modules, meaning 
that the student must have previously been registered for the co-requisite module or be registered for it in parallel, 
irrespective of the performance in the module. The module co-requisites are as follows: 

Modules Co-requisite module(s) 

Applied Machine Learning 774 Programming in R (Eng) 774, Data Science (Eng) 774 

Optimisation (Eng) 774 Programming in R (Eng) 774, Applied Machine Learning 774 

Big Data Technologies (Eng) 774 
Programming in R (Eng) 774, Data Science (Eng) 774, Applied Machine 
Learning 774, Optimisation (Eng) 774 

Data Analytics (Eng) 774 
Programming in R (Eng) 774, Data Science (Eng) 774, Applied Machine 
Learning 774 

 

5. Information on Core Data Science Modules 
The following information are specific to the compulsory data science modules.  
The modules will consist of five formal assessment opportunities – a pre-block assignment, a formative assessment 
opportunity during the lecture block, and three post-block assignments. Each of these assessment opportunity will 
account for 20% of the student’s final mark. The formative assessment may consist of one or more smaller 
assessments which will take place during the contact session (as specified in the structured programme schedule). 
In order to successfully pass the module, a student need to achieve a final mark of 50% or above. 
The module framework for each module will be made available to students before the start of the module lectures 
commence. The pre-block assignment will be made available to students at least two weeks before the scheduled 
module lectures. The due dates of the post-block assignments will be set to allow for 1-2 weeks per assignment. 
Prescribed textbooks for the data science modules are as follows: 

Modules Prescribed textbook 

Programming in R (Eng) 774 Big Data Analytics with R and Hadoop by Vignesh Prajapati 

Data Science (Eng) 774 The Data Science Design Manual by Steven S Skiena 

Applied Machine Learning 874 

Fundamentals of Machine Learning for Predictive Data Analytics, Algorithms, 
Worked Examples, and Case Studies by John D Kelleher, Brian Mac Namee, Aoife 
D’Arcy; and  
Computational Intelligence: An Introduction by AP Engelbrecht 

Optimisation (Eng) 774 Metaheuristics – From design to implementation by El-Ghazali Talbi 

Big Data Technologies (Eng) 774 Supplementary materials to be provided 

Data Analytics (Eng) 774 To Be Determined 
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6. Academic Profiles of Core Module Presenters 
Prof Andries Engelbrecht is an A-rated researcher as rated by die National Research 
Foundation. This rating acknowledges that he is a leading international researcher in his 
field. His fields of expertise are computational intelligence, swarm intelligence, 
evolutionary computation, neural networks, optimisation, machine learning and data 
analytics. Prof Engelbrecht is the first incumbent of the new Voigt Chair in Data Science in 
the Department of Industrial Engineering.  
As a first-year Matie student in 1988 he opted for BSc with Computer Science and 
Mathematics. He obtained his honours cum laude in 1992, followed by a master's cum 
laude (1994) and a PhD in 1999. During his postgraduate studies he taught Computer 
Studies and Mathematics on a temporary basis at a few schools. His introduction to academia came with his 
appointment as a lecturer in Computer Science at UNISA in 1996 where he stayed for two years. 
His academic career gained momentum in 1998 when he joined the University of Pretoria as a lecturer in computer 
science. Over the two decades that followed he rapidly progressed through the ranks, his last two positions being 
Head of Department (2009 to 2017) and Director: Institute for Big Data and Data Science (2017 to 2018). After 21 
years at the University of Pretoria, the opportunity arose to return to his alma mater. His appointment at 
Stellenbosch University comprises two aspects; 50% is allocated to his role as Chair in Data Science in the Faculty 
of Engineering and 50% as an academic in the Department of Computer Science in the Faculty of Science. 
"Regarding my position as Chair, my main aim is to promote Data Science within Stellenbosch University. This 
includes the transfer of knowledge to undergraduate and postgraduate students as well as to industry. In order to do 
this, I want to establish a research group within the Department of Industrial Engineering. I have two bright young 
colleagues in my team, Prof Jacomine Grobler and Dr Thorsten Schmidt-Dumont. We already have quite a number 
of master's students enrolled for 2020.” 
He presents Data analytics to third-year industrial engineering students and plans to lead this programme as the 
academic programme head. 

The research interests of Prof Jan H van Vuuren are combinatorial optimisation and decision 
support within the wider area of operations research. He heads the Stellenbosch Unit for 
Operations research in Engineering (SUnORE) within the Department of Industrial 
Engineering.  
He obtained his bachelor's degree in science cum laude from Stellenbosch University in 1989, 
majoring in mathematics and applied mathematics. He followed this up with an honours 
degree cum laude in 1990 and a master's degree cum laude in 1992, both in applied 
mathematics and both from Stellenbosch University. He obtained his doctorate in 
mathematics from the University of Oxford, United Kingdom in 1995. He has been a member 

of staff at Stellenbosch University since 1996, first in the Department of Applied Mathematics (until 2007) and then 
at the Department of Logistics (until 2013). He is currently professor of operations research within the Department 
of Industrial Engineering, a position he has held since 2014. In all of these departments he has taught subjects 
related to optimisation, at both undergraduate and postgraduate levels. 
His academic passions are research and postgraduate students.  He is the author of close to a hundred journal 
publications and has supervised (or co-supervised) more than 30 doctoral students to the successful completion 
of their studies. 
Prof Jacomine Grobler joined the Department of Industrial Engineering at Stellenbosch in 
February 2019 as Associate Professor. Her areas of expertise are the development of 
optimisation algorithms and the application of data science within the field of industrial 
engineering. With this background she joined the newly-established Data Science research 
group. 
Prof Grobler was born and raised in Pretoria. She decided to study engineering as the work 
is creative and requires good problem-solving skills. Furthermore, she opted for Industrial 
Engineering in particular, because it is people oriented and there are vast opportunities in 
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industry for industrial engineers. She obtained all her industrial engineering degrees at the University of Pretoria: 
BEng 2006, HonsBEng 2007, MEng 2009 and PhD 2015. 
During her study career, she received 12 awards. These include the Department of Industrial and System 
Engineering prize for the best final-year project; Medal from the South African Institute of Industrial Engineering 
for the best final-year Industrial Engineering student; Winner of the SAS Operations Research National Student 
Competition best honours project; South African Association for the Advancement of Science Bronze medal for 
the best dissertation at master’s level at the University of Pretoria; and the 2017 South African Institute for Industrial 
Engineering Award for Outstanding Young Industrial Engineering Researcher. 
From August 2008 to March 2014 she was employed by Denel Dynamics Pty Ltd. Thereafter she joined the CSIR as 
research group leader: Transport and Freight Logistics. In October 2015 she returned to academia, this time as 
lecturer in supply chain management at UP. 
Dr Thorsten Schmidt-Dumont is the first recipient of a postdoctoral fellowship with a focus 
on machine learning applications within the Department of Industrial Engineering. His areas 
of expertise include the application of reinforcement learning algorithms to complex 
problems. Additionally, he has a background in approximate optimisation techniques, 
particularly metaheuristics, and computer simulation.  
Dr Schmidt-Dumont was born and raised in Namibia, before moving to Stellenbosch to start 
his tertiary education, opting for a degree in Industrial Engineering based on the wide 
applicability of the taught skillset in various industry sectors. He obtained his degrees from 
Stellenbosch University (SU): BEng cum laude 2015, PhD 2018.  
Highlights throughout his under- and postgraduate studies include being awarded the prize for the best final-year 
project in Industrial Engineering in 2015, a project for which he was also awarded the prestigious Gerhard 
Geldenhuys medal by the Operations Research Society of South Africa for the best 4th year project countrywide in 
Operations Research completed in 2015. Buoyed by this success at undergraduate level he started his postgraduate 
journey, completing a master’s degree, which was designated as the runner-up for the prestigious Theodor Stewart 
medal, awarded by the Operations Research Society of South Africa, for the best master’s project countrywide in 
2018, which he was able to upgrade to a PhD in 2018.  
During the final year of completing his PhD he was appointed as a part-time junior lecturer in Industrial Engineering 
at Stellenbosch University, teaching industrial programming at second year level.  

The research interests of Dr Christa de Kock include optimisation, simulation modelling, forced 
migration and urban dynamics, as well as data mining and knowledge discovery. She has been 
appointed as lecturer at the Stellenbosch University’s Department of Industrial Engineering and 
forms part of the Stellenbosch Unit for Operations research in Engineering (SUnORE) with Prof 
Jan van Vuuren and Mr Stephan Nel.  
She obtained her bachelor’s degree in Industrial Engineering from Stellenbosch University in 
2015, where after she proceeded with a master’s degree with was upgraded to a PhD in 2018. 
She obtained her doctorate in Industrial Engineering from Stellenbosch University in 2019. 

In 2018, she received the prestigious Theodor Stewart medal by the Operations Research Society of South Africa 
for the best master’s thesis in the field of operations research. She furthermore competed in a Data for Refugees 
Challenge with an international group of researchers where they won in the category of Safety and Security based 
on research characterising the mobile phone usage of refugee hosting provinces in Turkey. 
She will be presenting the Data Analytics module to third-year industrial engineering students with Prof Andries 
Engelbrecht, while supervising research students and, finally, coordinating the postgraduate data science 
programmes.  
Dr Jacques du Toit obtained his bachelor's degree in physical and mathematical analysis (PMA) 
from Stellenbosch University (SU) in 2003, majoring in mathematics and computer science. He 
went on to complete his Honours degree in PMA, and received his master's degree cum laude 
in Applied Mathematics in 2009, also from SU. He then followed master’s courses in Artificial 
Intelligence at the University of Amsterdam (UVA) and received his PhD in Operations Research 
in 2014 from SU. 
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He is currently working at a big data analytics company where his responsibilities include industry training in big 
data methodologies and realising value from data using the latest technologies. He has worked on various data 
science, machine learning and big data problems in industry, as well as big data science projects like the SKA. 

Stephan Nel was born and raised in Johannesburg before moving to Stellenbosch to start 
his tertiary education. He obtained a BEng cum laude in Industrial Engineering from 
Stellenbosch University in 2016. He is currently busy with his PhD (upgraded from a master’s 
degree) on a topic related to the training of feedforward neural networks using an 
evolutionary-based hyperheuristic. His master’s thesis was designated as runner-up for the 
prestigious Theodor Stewart medal, awarded by the Operations Research Society of South 
Africa, for the best master’s project countrywide in 2019.  He has been a member of staff at 
Stellenbosch University since the start of 2019, in its Department of Industrial Engineering. 
He is currently lecturer of operations research at third and fourth year level and co-
coordinator of the Stellenbosch Unit for Operations Research in Engineering (SUnORE) within 

the Department of Industrial Engineering at Stellenbosch University. He is also supervising undergraduate and 
postgraduate students to the completion of their studies in areas of operations research, machine learning, 
mathematical optimisation, and evolutionary optimisation. He is an executive committee member of the 
Operations Research Society of South Africa. 
 

7. Admission Requirements and Fees 
To be considered for admission you must: 
• Hold at least an approved BTech, BEng, or a BSc degree from a South African university or university of 

technology; or 
• Hold other academic degree qualifications and appropriate experience that have been approved by the Faculty 

Board. The department’s chairperson must make a recommendation regarding such a qualification and 
experience to the Faculty Board. 

Students must have passed 1st year Mathematics, Statistics 
or Applied Mathematics. Computer programming 
experience is also an advantage.  
Also refer to the post graduate admission model in Figure 
3.1, in Section 3.2 in the Engineering Calendar. 
Fees are adjusted annually, and the expected fees for 2020 
will thus be adjusted in line with university policy. The 
current fees for an MEng (Structured) in 2019 are shown 
in the table included. Formal requests for quotes can be 
directed to studentaccounts@sun.ac.za.  

Registration Year 1 2 3 4 5 6 

Full-time enrolment R27 008 R27 008 R29 709 NA NA NA 

   Plus Cost per credit R310 R310 R310 NA NA NA 

Part-time enrolment R27 008 R27 008 R27 008 R29 709 R32 679 R35 947 

   Plus cost per credit R310 R310 R310 R310 R310 R310 

The fees consist of an enrolment fee and a module fee, where the cost is R310 per credit, as shown in the table 
below. The cost for a full-time student to complete the programme in 1 year (according to the fee estimates) are 
therefore R27 008 + R37 200 (for 120 credits) for a total fee of R64 208. 
The cost of a part-time student to complete the programme in 2 years (according to the fee estimates) are 
therefore as follows: 
• Year 1: R27 008 + R18 600 = R45 608 
• Year 2: R27 008 + R18 600 = R45 608 

Total fee: R91 216  

mailto:studentaccounts@sun.ac.za
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8. Enquiries 
For general enquiries about the programme, you are welcome to contact the programme coordinator, Dr Christa 
de Kock, or the programme head, Prof Andries Engelbrecht. 
For any enquiries regarding registration, please contact Mrs W Wessels (wilnaw@sun.ac.za, Admin A building, 
Room A2029). Fee enquiries and requests for quotes can be directed to studentaccounts@sun.ac.za or Mr Sean 
Davidse (seand@sun.ac.za). Kindly note that there are no scholarships available for this programme. 

9. Contact Details 
The contact details of the data science programme personnel, as well as the core personnel of the Department of 
Industrial Engineering involved with this programme are as follows: 
 

Data Science Programme Coordinator Dr Christa de Kock christadk@sun.ac.za 

Data Science Programme Head Prof Andries Engelbrecht engel@sun.ac.za 

Core Module Presenter Prof Jan van Vuuren vuuren@sun.ac.za 

Core Module Presenter Prof Jacomine Grobler jacominegrobler@sun.ac.za 

Core Module Presenter Dr Thorsten Schmidt-Dumont thorstens@sun.ac.za 

Core Module Presenter Dr Jacques du Toit jacquesdt@sun.ac.za  

Core Module Presenter Mr Stephan Nel gsnel@sun.ac.za  

Industrial Engineering Postgraduate Manager Ms Melinda Rust mrust@sun.ac.za 

Industrial Engineering Departmental Chair Prof Corne Schutte corne@sun.ac.za 

Industrial Engineering Departmental Manager Ms Anel de Beer au1@sun.ac.za  

For further information on the Department of Industrial Engineering, please visit www.ie.sun.ac.za or phone 
(021) 808 4234.  
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