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Welcome from the Society President

Welcome to the 49th Annual (and first digital) Conference of the Oper-
ations Research Society of South Africa. ORSSA is proud to present
this new endeavour to keep the conference tradition alive in an un-
precedented year of tumult.

The Johannesburg Chapter bravely volunteered to create this com-
pletely online experience and I thank the Local Organising Committee
for its tireless work to create such an interesting programme at short
notice. Thank you to every member of the Society for keeping the
standard of operations research practiced during this year so high. I

look forward to seeing you all in person again soon and hope for a quick return to our regular
meeting format.

May you enjoy every digital minute of the programme, and may you and your loved ones remain
safe and healthy in these unsure times. See you in the Zoom rooms!

Gemma Dawson, President
Operations Research Society of South Africa
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Welcome from the Chair of the Organising Committee

A warm welcome to the 49th Annual Conference of the Operations
Research Society of South Africa. It is a privilege to welcome you to
our first digital conference!

We are honoured to have professor Tshilidzi Marwala (Vice-chancellor
of the University of Johannesburg), professor Hatem Masri (Dean of
the College of Business Administration, University of Bahrain and
President of the African Federation of Operations Research Societies),
and professor Pascal van Hentenryck (Associate Chair for Innovation
and Entrepreneurship and A. Russell Chandler III Chair and Profes-

sor) as our conference keynote speakers along with Dr Berndt Lindner who presents a special
session on the 2019 Tom Rozwadowski Medal winning paper.

Apart from the scientific aspect of the conference programme, the programme includes a special
social event for catching up with old Operations Research colleagues and for meeting some new
ones.

This year’s banquet gala is replaced by a digital award ceremony where top practitioners are
honoured during the National Student Competition Medal ceremony, the recognition awards
ceremony, and the Tom Rozwadowski Medal ceremony.

A special word of thanks to our sponsors for making this event possible, and to the members
of the Local Organising Committee for their hard work in pulling the rabbit out of the hat.
Welcome all, and I hope that you will have a memorable conference experience!

David Clark, Chair
ORSSA 2020 Local Organising Committee
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—The ORSSA 2020 Local Organising Committee —

(1) David Clark, Chair (Chalcid)

(2) Gemma Dawson (Data Analytics, PwC South Africa)

(3) Bernie Lindner (Spatialedge)

(4) Dave Evans (ORSSA Fellow)

(5) Liesl Hendry (Code Assayer)

(6) Robert Bennetto (Icepack)

(7) Handre Williams ( Radixtrie)

(8) Melusi Magele (University of South Africa)

(9) Lieschen Venter (Department of Logistics, Stellenbosch University)
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—Conference at a Glance —

Sunday, 18 October 2020
17:30–19:00 Pre-conference social (Discord)

Monday, 19 October 2020
08:00–10:00 Morning meetup (Meetups)

15:45–16:00 Onboarding and marketing (Zoom)

16:00–16:15 President’s welcome (Zoom)

16:15–17:30 2019 TR Medal winning paper by Dr. Berndt Lindner (Zoom)

17:30–18:30 National Student Competition
Honours/fourth year project division (Zoom)

Tuesday, 20 October 2020
15:45–16:00 Onboarding and marketing (Zoom)

16:00–17:00 National Student Competition
Master’s thesis division (Zoom)

17:00–18:30 Keynote address by Prof. Hatem Masri (Zoom)

Wednesday, 21 October 2020
15:45–16:00 Onboarding and marketing (Zoom)

16:00–17:00 Keynote address by Prof. Tshilidzi Marwala (Zoom)

17:00–18:00 President’s address (Zoom)

18:00–18:30 ORSSA Awards prizegiving ceremony (Zoom)

18:30–20:00 Keynote address by Prof. Pascal va Hentenryck (Zoom)
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—Detailed Conference Programme—

Sunday, 18 October 2020

Pre-conference social (17:30–19:00)
Online pub quiz

[Discord]

Monday, 19 October 2020

Morning meetup (08:00–10:00)
[Meetups]

Monday, 19 October 2020 (15:45–18:30)

Plenary session I
Opening plenary

Chair: Lieschen Venter [Venue: Zoom]

15:45–16:00 Spatialedge (Sponsor)
Onboarding and marketing

16:00–16:15 Gemma Dawson (ORSSA President)
President’s welcome

16:15–17:30 Berndt Lindner (Keynote speaker)
Tradeoffs between levelling the reserve margin and minimising produc-
tion cost in generator maintenance scheduling for regulated power sys-
tems (p. 16)

Plenary session II
National Student Competition (Fourth year / honours division)

Chair: Lieschen Venter [Venue: Zoom]

17:30–18:00 Willem Moore, Shared-resource school timetabling decision support
(p. 17)

18:00–18:30 Pieter Steenkamp, A decision support system for assigning buses to
pre-determined routes (p. 18)
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Tuesday, 20 October 2020

Tuesday, 20 October 2020 (15:45–18:30)

Plenary session III
National Student Competition (Master’s division)

Chair: Gemma Dawson [Venue: Zoom]

15:45–16:00 Department of Industrial Engineering,
Stellenbosch University (Sponsor)
Onboarding and marketing

16:00–16:30 Dirk Human, An agent-based simulation modelling approach to assess-
ing various refuge strategies in Bt sugarcane (p. 19)

16:30–17:00 Jacqueline Kazmaier, A framework for evaluating unstructured text
data using sentiment analysis (p. 20)

Plenary session IV
ORSSA and AFROS

Chair: Gemma Dawson [Venue: Zoom]

17:00–18:30 Hatem Masri (Keynote speaker)
AFROS: Towards a sustainable development of operations research in
Africa (p. 12)

Wednesday, 21 October 2020

Wednesday, 21 October 2020 (15:45–20:00)

Plenary session V
The future of OR

Chair: Robert Bennetto [Venue: Zoom]

15:45–16:00 ORSSA Marketing Manager
Onboarding and marketing

16:00–17:00 Tshilidzi Marwala (Keynote speaker)
The future of OR and data science (p. 13)

Plenary session VI
ORSSA Awards

Chair: Robert Bennetto [Venue: Zoom]

17:00–18:00 Gemma Dawson (ORSSA President)
President’s address

18:00–18:30 Gemma Dawson (ORSSA President)
ORSSA Awards prizegiving ceremony

Plenary Session VII
Closing plenary

Chair: Robert Bennetto [Venue: Zoom]

18:30–20:00 Pascal van Hentenryck (Keynote speaker), Future mobility systems
(p. 14)
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—List of Paper Titles‡ —

‡In alphabetical order
∗Speaker

(1) A decision support system for assigning buses to pre-determined routes
(Pieter Steenkamp∗, Prof. Jan van Vuuren) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

(2) A framework for evaluating unstructured text data using sentiment analysis
(Jacqueline Kazmaier∗, Prof. Jan van Vuuren) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

(3) An agent-based simulation modelling approach to assessing various refuge strategies in Bt
sugarcane (Dirk Human∗, Dr. Linke Potgieter) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
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(6) Shared-resource school timetabling decision support (Willem Moore∗, Prof. Jan van
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(7) The future of OR and data science (Prof. Tshilidzi Marwala) . . . . . . . . . . . . . . . . . . . . . . . . 13

(8) Tradeoffs between levelling the reserve margin and minimising production cost in generator
maintenance scheduling for regulated power systems (Dr. Berndt Lindner∗, Ruan Brits,
Prof. Jan van Vuuren, Dr. James Bekker) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
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Big data capability and maturity assessment.
independent audit of your big data environment, 
business environment people and processes.

+6 PHDs and > 260 years combined xp. 
Software, Data and Machine Learning 
Engineers.  Data science specialists. 

Pre-built scripts, models and services to 
accelerate development and integration

Patterns, methodologies and workflows that 
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people.
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records per day.
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companies and bring with a solutions toolkit
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We are a big data and applied machine learning solutions 
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operationalise robust machine learning models. 

We empower data science teams to deliver 
significantly more value to business faster and more 
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data science specialists, open-source and bespoke 
software, and training programs.

The benefit of data science is more than just once off 
insights from models running in notebooks; it is 
providing a sustainable solution that continuously 
provides the right insights to the right people, at the right 
time.  Sharing insights with other services, embedding 
insights in applications or creating value generating data 
applications.

We assist clients through the whole data engineering and 
data science lifecycle. From identifying the most 
valuable problems to deploying machine learning 
models and integrating them with the rest of the 
organization. While reducing development risk through 
agile and iterative processes.

The opportunity cost of not properly operationalizing 
machine learning models is very high. That is why we 
specialize in doing it fast, yet properly.

We have extensive experience working with a wide 
variety of big data vendors, including the Cloudera stack 
(Hive, Spark, Kafka, etc), Confluent Kafka and the main 
cloud providers (AWS, Azure and Google Cloud 
Platform).
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Machine Learning
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—Keynote Abstracts —

Keynote speaker: Hatem Masri

AFROS: towards a sustainable development of operations research in Africa

The African Federation of Operations Research Societies (AFROS) was initiated in 2016 with the support
of the International Federation of Operational Research Societies (IFORS) to promote operations research
in Africa. Its affairs are regulated by an executive committee consisting of representatives from national
operations research societies in Africa. In this talk, we will provide an overview of AFROS and affiliated
members activities. Then, we will analyze data about intellectual contributions of African researchers
during the last two decades to understand the impact of operations research has had on Africa. Finally,
we discuss how AFROS could help to advance knowledge, interest and education in Operations Research
and announce new initiatives that allow researchers to meet, exchange ideas, experiences, and research
results, and support each other in research work.

Biography of the speaker:

Hatem Masri is Professor and Dean of the College of Business Administration at the
University of Bahrain, Kingdom of Bahrain. He received his PhD in Management
in 2004 and Master in Operations Research in 1999 from the University of Tunis,
Tunisia. His research interests include multiple objective stochastic programming,
supply chain management, financial engineering, and vehicle routing problems.
His research has been published in more than 15 international journals (including
EJOR, ANOR, FSS, IJAR) and funded by the University of Tunis, the University of
Nizwa and the University of Bahrain. He is a member of the International Society

on Multiple Criteria Decision Making, INFORMS, IEEE and the Tunisian Decision Aid Society. He is
the President of the African Federation of Operations Research Societies (AFROS).
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Keynote Speaker: Tshilidzi Marwala

The future of OR and data science

An showcase of the many examples of decision support through computational intelligence techniques.

Biography of the speaker:

Tshilidzi Marwala is the Vice-Chancellor and Principal of the University of Johan-
nesburg, beginning January 2018. Previously he was the Deputy Vice-Chancellor
for Research and Internationalisation and the Executive Dean of the Faculty of
Engineering and the Built Environment, both at the University of Johannesburg.
He holds a Bachelor of Science in Mechanical Engineering (magna cum laude) from
Case Western Reserve University (USA) in 1995, a Master of Mechanical Engi-
neering from the University of Pretoria in 1997 and a PhD specialising in Artificial
Intelligence and Engineering from the University of Cambridge in 2000. He has
received more than 45 awards, including the Order of Mapungubwe, and was a
delegate to the 1989 London International Youth Science Fortnight (LIYSF) when
he was in high school. His writings and opinions have appeared in the magazines
New Scientist, The Economist and Time. He has also been appointed as Deputy

Chair of the Presidential Commission on the Fourth Industrial Revolution.
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Keynote speaker: Pascal van Hentenryk

Future mobility systems

The sharing economy has radically transformed taxi services in the last decade, through the combination
of new business models and advanced technology. However, most of the mobility needs are not addressed
by these innovations. This talk will review how ICT technology and Operations Research have the
potential to revolutionize public transit and commuting in general. The presentation will introduce the
new mobility services addressing these needs, the OR techniques that powers them, real case studies, and
the barriers that remain for large-scale adoption.

Biography of the speaker:

Pascal Van Hentenryck is the A. Russell Chandler III Chair and Professor in the
H. Milton Steward School of Industrial and Systems Engineering at Georgia Tech
and the associate chair for innovation and entrepreneurship. Prior to this appoint-
ment, he was a professor of Computer Science at Brown University for about 20
years, he led the optimization research group (about 70 people) at National ICT
Australia (NICTA) (until its merger with CSIRO), and was the Seth Bonder Col-
legiate Professor of Engineering at the University of Michigan. Van Hentenryck
received his undergraduate and PhD degrees from the University of Namur in Bel-

gium, while doing research at the European Computer-Industry Research Centre in Munich, Germany.
Van Hentenryck is also an Honorary Professor at the Australian National University.
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Talk to us

Stellenbosch University

DEPARTMENT OF LOGISTICS

Enjoy Mathematics, but are looking for practical applications thereof?
Ever wondered, while standing in a long queue, if there isn’t a better way?
Wondering if food waste can’t be reduced by changing inventory levels?
Thinking about an optimal schedule for Super Rugby?
Wondering how you could improve aspects of a business by looking at the data and numbers?
Thinking about the best composition of your investment portfolio? 

Choice between BCom and BSc: 
1. BCom: will typically take economics and business management as additional subjects for a scientific
business career.
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Development 

Operations Research 214 & 244 
Techniques to optimise decisions in networks, for example the shortest route through a road network, the number of 
flights on each route for an airline (network flow), the design of a water pipe infrastructure for a new suburb. 
Mathematical modelling of systems via linear programming for better decision making. 

Complimentary subjects: Mathematics 214 & 244, Mathematical Statistics 214, 245 & 246, Computer Science 214 & 
244, or Applied Mathematics 214 & 244 (if BSc) 

Operations Research 314, 326, 344 & 354 
Mathematical modelling of the more complex integer type systems, for example optimal scheduling of sport 
tournaments, or nonlinear type systems, for example finding optimal investment portfolios,  as well as preference 
modelling. Some additional techniques such as decision analysis for improved decision making, inventory control to 
determine the right amount and types of inventory a retailer should keep to maximise their sales, forecasting to help 
management better prepare for what might happen, queuing theory to improve long waiting times in queues, etc.  

Complimentary subjects:  Financial Mathematics 378, Mathematical Statistics 312, 316, 344, 354 & 364, Computer 
Science 314, 315, 334, 344, 354 or 364, Project Management 314, or Applied Mathematics 314, 324, 354 & 364 

Interested in GOOD DECISION MAKING?

Study

Focus

Career

Undergraduate BCom (Mathematical Science) or BSc
(Mathematical Science), Focal area: Operations Research
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Consultant, analyst, researcher
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EMAIL: 
Prof. Stephan Visagie 
svisagie@sun.ac.za 

WEB: 
Department of Logistics 
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—Contributed Paper Abstracts —

Plenary session I: Opening plenary

Tradeoffs between levelling the reserve margin and minimising production
cost in generator maintenance scheduling for regulated power systems

Dr. Berndt Lindner∗, Ruan Brits, Prof. Jan van Vuuren, Dr. James Bekker
Department of Industrial Engineering, Stellenbosch University

Abstract

One of the key focus areas for a power utility is the planned preventative maintenance of the power
generating units in its power system. The well-known generator maintenance scheduling (GMS) problem
involves finding a schedule for the planned maintenance outages of generating units in a power system.
A novel bi-objective model is proposed for the GMS problem in which demand reliability is maximised,
by minimising the sum of squared reserves (SSR), and electricity production cost (predominantly fuel
cost) is minimised. A novel production planning module is proposed to estimate the production cost
associated with an energy generation plan, using a linear programming (LP) model to solve the economic
dispatch (ED) problem, which precedes application of a simple unit commitment (UC) algorithm. A
dominance-based multi-objective simulated annealing approach is then adopted to determine trade-off
solutions to the model. Parallel computing is also utilised to increase the efficiency of approximating the
Pareto front. The modelling approach is demonstrated in the context of a case study involving the 32-unit
IEEE Reliability Test System. The results are compared to the best known single-objective solution in
the literature, which only minimises the SSR, and the conflicting relationship between the two model
objectives is investigated. It is found that more non-dominated trade-off solutions result if the load
demand increases (i.e. the gap between installed capacity and load demand decreases). Therefore, if the
installed capacity is sufficiently high, the reliability objective of minimising the SSR produces sufficiently
small production cost solutions. Fuel cost savings of 0.41% are achieved in respect of a most “reliable”
solution in the literature, but considerable cost savings are possible (up to 7.11%) if the maintenance
duration and crew constraints are relaxed.
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Plenary Session II: National Student Competition
(Fourth year / honours division)

Shared-resource school timetabling decision support

Willem Moore∗, Prof. Jan van Vuuren
Department of Industrial Engineering, Stellenbosch University

Abstract

Education is arguably one of the most important aspects in the development of the cognitive and social
abilities of children throughout their growth towards adolescence. A further invaluable aspect of educa-
tion, especially in the context of South Africa, is that it provides a platform for individual empowerment
to transcend poverty and to reap the benefits of the skilled working class. Unfortunately, the concept
of universal education is still a distant dream in various parts of South Africa due to a widespread lack
of educational resources, and teachers in particular. These shortcomings have made it increasingly im-
portant for organisations in the private sector to contribute towards high-quality education through the
medium of private schools.

In the management of such a private school, the optimal utilisation of time and resources is imperative
to the success of the initiative. A useful tool by which teacher utilisation may be improved is high-
quality decision support in respect of school timetabling. School timetabling focuses on the assignment
of teaching tasks, or the teaching of subjects, to the smallest number of teachers in such a manner that
all subjects are represented the required number of times during a timetable scheduling cycle, without
conflicting with physical constraints.

The notion of shared resource school timetabling, however, differs from ordinary school timetabling in
that schools adopt a shared resource policy whereby teachers may be shared between schools in close
proximity, with the goal of minimising the global number of teachers required by the combined schools
under consideration. A decision support system is proposed in this project for facilitating the development
of effective shared resource school timetabling. The efficacy of the decision support system is evaluated
by means of a practical case study consisting of a comparison of the results proposed by the system with
those implemented in practice.
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A decision support system for assigning buses to pre-determined routes

Pieter Steenkamp∗, Prof. Jan van Vuuren
Department of Industrial Engineering, Stellenbosch University

Abstract

In an ever-expanding urban environment, much emphasis has been placed on the use of public transport
as a solution to the problem of traffic congestion in urban areas. During the latter part of the twentieth
century, timeliness of public transport services became an increasingly important factor for people in the
working class. Possible improvements in the effective use of bus services in urban areas has therefore been
investigated extensively in a bid to alleviate commuter stress associated with being on time. If managed
effectively, bus service companies can utilise their resources in more effective ways to provide cheaper,
more frequent and more reliable transport to commuters who have traditionally been averse to the use
of bus transport as a result of its relative unreliability or unavailability.

The goal in this project is to contribute towards the effective use of the resources of a public transport
bus company by providing decision support with respect to the use of its buses to service its bus routes.
In particular, a computerised decision support system (DSS) is designed in this project for aiding a shift
manager of a bus company in his or her decisions related to the assignment of available buses to pre-
determined routes. The DSS takes as input a daily list of the buses available as well as a daily list of
bus routes that have to be serviced (together with their respective schedules), and produces as output
a list of routes for each bus. The bus-to-route objectives pursued in the DSS is either, (1) to minimise
the total distance travelled by all buses while deadheading (i.e. travelling without passengers between
routes), or (2) to minimise the time spent in total by all bus drivers deadheading, taking into account
average traffic conditions as a function of the time of the day, or (3) to minimise the number of buses
utilised in the bus-to-route assignment, or (4) to minimise the time spent on the road (i.e. away from
the depot) by the busiest bus in the bus-to-route assignment.

The DSS is implemented on a personal computer and validated by applying it to a special case study
based on real data obtained from a bus company in Cape Town.
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Plenary session III: National Student Competition
(Master’s division)

An agent-based simulation modelling approach to assessing various refuge
strategies in Bt sugarcane

Dirk Human∗, Dr. Linke Potgieter
Department of Logistics, Stellenbosch University

Abstract

Crops expressing genes from the bacterium Bacillus Thuringiensis (Bt) produce a protein toxic to members
of the order Lepidoptera and are a popular alternative to sprayed insecticides. Although these Bt crops
are considered to be an effective pest control method, careless usage may add selective pressure on the
pest population to develop resistance to the protein over time. One method of limiting the rate of
resistance development is to keep small portions of the cultivated land planted with the non-GMO crop
which then acts as a refuge area for susceptible pests, limiting its exposure to the protein. Varieties
of Bt sugarcane for the South African market that should limit the damage caused by the stalk borer
moth, Eldana Saccharina Walker, are being developed, and a prerequisite to releasing such a product
is to manage resistance development. Refuge areas are the primary way of managing resistance, but a
recommendation is required on the size and layout of the refuge areas to be planted, as an area too small
may not curb the rate of resistance development enough, but an area too large may not be economically
viable for the industry.

An agent-based simulation model is presented where individual moths are modelled as agents on an
underlying sugarcane field that can either be Bt or refuge. The spatial aspect of the simulation model
allows for testing the effectiveness of different shapes of refuge and not just the size. To reduce the
complexity of the model, the field is divided into a series of smaller cells that can interact with each
other, which allows us to model the impact of a severe infestation on an area the size of an average
sugarcane farm. The simulation divides the simulated space into two grids representing the layers of
the sugarcane that the different life stages of the insect move in. The first layer is the ground layer,
representing the lower portions of the sugarcane where the eggs, larvae, pupae and egg-laying female
moths are found. These cells are smaller as the immature life stages are nearly stationary and the female
moth is assumed to have a much lower dispersal rate when searching for sights to lay eggs. The second
layer is the sky layer with larger cells, where adult males and unmated females are able to move over
larger distances to find mates. To further reduce complexity, every cluster of eggs laid by a female moth
is modelled as a single agent that progresses as a unit through the immature life stages before being
converted to many individual moth agents when they mature.

The model is then applied to three hypothetical case studies, each focusing on a specific aspect of refuge
planning. The first case study focuses on the size and distribution of refuge, the second on the shape of the
refuge, and the third assumes that the Bt sugarcane is introduced gradually and how this may affect the
refuge strategy. The results from these case studies as well as those obtained from the sensitivity analysis
are then summarised in the form of a decision support tool (DST), which provides some recommendations
for refugia planning and highlights the risk factors for resistance development identified during the course
of this study. Combining the recommendations with the risk factors that may be associated with a given
scenario should provide the growers with a starting point of how to plan their refugia.
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A framework for evaluating unstructured text data using sentiment analysis

Jacqueline Kazmaier∗, Prof. Jan van Vuuren
Department of Industrial Engineering, Stellenbosch University

Abstract

Public opinion has long been an area of research interest. With the exponential growth of the Internet
and social media, and the resulting increase in the volume of user-generated content publicly available
online, this interest has become even more pronounced. The process of manually studying such content
has simultaneously become increasingly cumbersome. This situation gave rise to the research field of
sentiment analysis or opinion mining — the computational study of people’s opinions, attitudes and
emotions.

Whereas the task of sentiment parsing is relatively easy for humans, the subtle nuances of natural lan-
guages render this task inherently difficult for computers. This is especially true in the South African
context, where opinion-bearing expressions may be composed in up to eleven different languages. Fur-
thermore, while there is an abundance of research dedicated to developing algorithms for the purpose
of classifying sentiment, little guidance exists on how to incorporate this information into the decision-
making processes of affected entities.

In this thesis, a generic framework is proposed for employing sentiment analysis to extract insight from
unstructured text data which may then be used to guide decision making. This framework facilitates the
process of preparing the data for the purpose of analysis, as well as extracting and selecting features from
the unstructured text in order to transform the data into a structured format and to develop suitable
models for classifying sentiment. Furthermore, the analysis and synthesis of the results of selected models
are accommodated, during which patterns and information may be extracted from the data and presented
to the user in a meaningful way. An instantiation of this framework is implemented on a computer as a
concept demonstration. This implementation is applied to a real-world case study in the South African
banking sector to illustrate the practical applicability of the framework.
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