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Abstract: Decision-making in companies is often based on the managers' personal
experience. However, their consequences can have an impact on the development of the daily
activities. To illustrate the managerial impact of decision-making, the biggest African power
utility company based in South Africa will be analyzed. Various data such as annual
productivity and energy sales were extracted over 15 years from his annual reports and two
artificial neural network techniques named Levenberg-Marquardt and Scaled Conjugate
Gradient used to analyze them. It emerged from the results obtained that between 2018 and
2020 the company experienced good growth which could extend until 2025 in the best-case
scenario or else will drop again to reach its 2020 well-being state. Thus, the obtained results
could be used to reinforce the decision-making and to determine the moment when decisions
should be taken to prevent the demise of the company.
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Introduction

Professional experience is nowadays at the center of all recruitment even when it
comes to work that does not require a particular professional qualification. Any
company would like to have the best person in the desired position to increase the
company's performance. Another motivator for companies to recruit only the best is
due to the fact that company managers invest very little in the training of newly
recruited staff (Antonio, et al., 2003). So, even if those managers are going to invest
in training of new employees, they will prefer to train an employee who has already
acquired some experience in the position he will occupy.

Throughout his professional career, the employee will acquire a certain amount of
knowledge and gradually evolve from his employee position to a decision-maker
position. This is how the majority of employees grow in their work environment all
over the world. The problem arises when it comes to making major decisions for the

*Patrick S. Pouabe Eboule, Dr, University of Johannesburg, South Africa;
B corresponding author email: patrickpe@uj.ac.za,

ORCID: 0000-0002-2007-1055

Jan-Harm C. Pretorius, Prof., University of Johannesburg, South Africa;
<1 email: jhcpretorius@uj.ac.za,

ORCID: 0000-0002-2023-749X

Leon Pretorius, Prof., University of Johannesburg, South Africa;

D1 email: pretoriussystems@gmail.com,

ORCID: 0000-0002-2842-3596

240



POLISH JOURNAL OF MANAGEMENT STUDIES 2023
Pouabe E.P.S., Pretorius J-H. C., Pretorius L. Vol.28 No.1

company’s development such as the entry of a company to the stock market, the
launch of a new product, the creation of a new department, the ordering, and storage
of a raw material whose cost is highly fluctuating or the dismissal of a director. For
example, in 2017 the South African currency lost around 5% of its value after the
dismissal of the finance minister (Onishi and Chan, 2017). The decision-making in
such situations becomes critical for the company’s well-being. It can contribute to
gaining considerable profits and therefore developing the company or to losing
enough assets to contribute to the company’s demise. As a result, many companies
are investing in decision-making support tools to limit the damage caused by the
implementation of consecutive bad decisions. With the proliferation of artificial
intelligence (Al) applied in several fields of engineering, it may be wise to determine
if it is feasible to use its algorithms to predict the behavior of a company regardless
of its structural size.

The main objective of this study is to use two machine learning techniques to analyze
the state of a company. The specific objectives of this study are firstly to identify a
suitable data set and machine learning techniques which can be applied in decision-
making; secondly to show that machine learning can help to forecast the state of a
company. The third specific objective is to compare the obtained results of two
artificial neural network (ANN) time series machine learning techniques, the
Levenberg-Marquardt (LM) and the Scaled Conjugate Gradient (SCG) techniques
with the advantages of these ANN techniques of being fast, robust and easily
applicable in different engineering fields notwithstanding data type. The aim of
comparing these two techniques is to establish which of the two is more efficient for
this purpose.

The novelty this study offers refers to the application of machine learning techniques
which are often used in engineering domains such as image recognition, fault
detection and classification as well as data processing in decision-making. These
machine learning techniques will be applied to the data of one of the biggest
industries in Africa which is based in South Africa and annually greatly contributes
to South Africa’s economic growth.

The analyses made in this study may contribute to reinforcing the country’s
economy, can lead to job creation and increase the yield of the company because the
impact of good decision-making leads to financial growth. Moreover, this study
could be used as a baseline for machine learning’s applications in the academic
environment. This paper is structured as follows: Section Il covers the literature
review; Section Il discusses the experimental setup such as the data used for this
study and emphasizes the proposed machine learning techniques. In Section IV the
simulation results and discussion are presented followed by Section V with the
conclusions and recommendations.

Literature Review

In order to reduce errors in decision-making, research has been conducted in the area
of quality management. In 2021, (Jiju and Sony, 2021) presented an empirical
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qualification and skills study of quality management experts in contemporary
organizations. This study is based on a global survey and agenda. The objective of
this research was to explore the skills and qualifications of quality management
experts in many organizations at a comprehensive level. A survey was conducted
over 22 weeks in 46 countries over six continents and 336 responses were obtained
from managers in roles such as quality directors, quality managers and quality
engineers. It emerged from this study that 37% of quality managers never had a
university degree for their position, and up to 40% of quality engineers and managers
have had less than a week of training. However, information sharing was identified
as one of the major problems (Gao, et al., 2020). It is possible to reduce this lack of
information sharing by adopting responsible behavior. A study was conducted in this
regard (Love, et al., 2020) that aimed to establish how a new organization can reduce
and limit errors in its projects and mitigate rework and failures. The method
consisted of having semi-structured interviews with employees involved in the
construction companies. It emerged that the primary culture of new organizations
focused on error prevention, which obstructed its aptitude to learn and decrease
rework in projects. Organizations often deliberately endorsed a trade-off between
quality and safety.

In 2020, (Sofiyabadi and VValmohammadi, 2020) evaluated the impact of knowledge
management practices on innovation performance. The primary objective of this
research was to study the influence of knowledge management practices on the
innovation performance of a top Iranian private bank. The method consisted of
distributing a questionnaire of 52 questions among 237 experts and managers of the
bank. Exploratory and confirmatory factor analyzes were used to analyze the
research data and it emerged from this study that independent factors such as better
communication positively impact innovation performance. However, in the
engineering domain designed principles and system operation techniques should be
developed to increase the stakeholders’ value. (Specking, et al., 2021) proposed a
framework for engineering managers to better communicate with stakeholders’
operators to strengthen the company’s resilience. The technique developed is based
on the principles-means-ends diagram for resilience-engineered systems. Various
resilience terms were identified from previous publications and classified. It was
found that engineering managers and systems engineers need to standardize
resilience terminology to communicate better between them and other stakeholders.
Thus, to increase companies’ resilience, some research emphasized the mindset of
stakeholders and proposed Al techniques (ANN approach) to evaluate the
psychology and system-related barriers. (Wong, et al., 2021) proposed a block chain
for operation management study where one-hundred-seventy-eight responses from
manufacturing were collected and analyzed using ANN. Nonlinear relationships of
the barriers toward operation management resistance were found compared to linear
relationships usually obtained by other researchers in this domain. Researchers have
estimated that one of the top influencing factors was the working environment, such
as top-quality colleagues. They also proposed to intensify practice in the
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management engineering field which integrates management and engineering
knowledge. This is nowadays necessary to overcome many challenges encountered
in various corporates and to improve quality efficiency.

The basis of all innovation is the competitiveness desire. The majority of companies
promote innovation as their main objective to stay competitive despite any
challenges encountered. Thus, the innovation also starts with the managerial side.
Companies should base their competitiveness on a value chain and end-to-end
business process optimization rather than only on profit (Vermeulen, et al., 2012). In
this case, the functionalities or serious organization factors are used to quantify their
willingness to implement a business process capability and assist organizational
leaders, executives, and employees in judgmentally analyzing of the current business
processes through gap investigation whereby organizational emergencies have to be
analyzed and to be compared against the existing practice performances. In 2021,
(Henao-Garc'ia and Montoya, 2021) inspected the relationship between
technological innovation, management innovation, and performance. A survey was
conducted, and a regression model was applied to analyze the obtained data from the
Columbian manufacturing sector. The analysis indicated that the introduction of
management and technological innovation does not guarantee the company’s
performance. But this performance could be achieved by applying effective technical
solutions in the problem process and from solid support and engagement of all
organizations and involved staff (Xiong, et al., 2021). However, the proposed
technique is based on the staff’s total commitment and engagement knowing that
humans are dynamic.

In 2020, (Prentice, et al., 2020) proposed a developed strategic management
framework to support the improvement of the stratagems for increasing the
commercialization rate of multi-technology renewable energy systems, and applied
it as a case study to concentrating solar power in South Africa. For the same
perspective, (Maruster and Alblas, 2020) proposed a data-driven approach based on
data mining techniques and innovative text analytics to tailor the engineering design
process. The method applied consisted of embarking on an automatic analysis to
extract specific events from an unstructured event log. It emerged that the accuracy
obtained associated with specific engineering change types is high, assuring the
method’s applicability. These studies concurred to develop the strategy for
sustainable economic growth and could be applied in small-scale mining operations
(Singh, et al., 2018). The impact of this change management is the decreasing overall
project cost and schedule. This has been highlighted in (Serapelo, et al., 2017). It
often happens that the efficiency of an innovation in a corporate is contested due to
bad practices. In this regard, the quality efficiencies are investigated in (Vermeulen,
et al., 2015). Moreover, nowadays it is unfair to talk about innovation without taking
into consideration the new and powerful Al techniques.

Several investigations are now done in management based on Al techniques in order
to solve complex constraint work tasks such as outage management of nuclear power
plants (Gomes, et al., 1997) and to make strategic decisions (Demirkan, et al., 2020).
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Such investigations will help to determine hubristic decisions taken by the top
managers to influence the market performance of their companies before these
decisions could be implemented. In 2020, (Muhlroth and Grottke, 2020) presented
an Al-based data mining model that helps companies spot emerging issues and trends
at a higher level of automation than previously possible. Three case studies were
analyzed and the authors showed that their model is used to identify new
technologies before their first publication in the Gertner Hype Cycle for emerging
technologies. The data were trained in supervised learning and tested in an
unsupervised manner. The results show that the model developed can achieve the
highest possible degree of automation compared to the existing approaches in this
field. In the new technological era, we have electric vehicles where (Inuzuka, 2019)
used reinforcement learning to predict real-time energy management. The method
consists of predicting the future vehicle speed and planning the necessary power to
achieve it. It was shown that deep reinforcement learning could well be used for
energy management because it can increase the expected discounted reward based
on its own knowledge.

In 2019, (Alsheryani, et al., 2019) studied the improvement of asset management
systems based on Al techniques. Even for some traditional industries such as in
(Chai, et al., 2019), Al techniques were investigated to support the business
management of power-grid companies and to explore how entrepreneurship is seen
in the areas of engineering, compared with how it is offered in other contexts
(Schuelke-Leech, 2020). It emerges that specific topics are covered differently in
engineering entrepreneurship than in other types of entrepreneurship because in
engineering, courses are less likely to emphasize financial management, managing
ventures and entrepreneurial processes. Another Al technique often used for
predictive management is fuzzy logic. This technique was used in 2020 (Chen, etal.,
2020), to study a new driving cycle technique for the energy management strategy
of a battery energy storage system. Based on the results obtained, the management
could extend the battery’s life. This technique has also been used to investigate the
investment decision of optimum repair of multiple metro vehicles. The damage level
of an existing distress metro vehicle by specific indicators was determined and the
annual fund investment for maintenance and repair was evaluated. The research
concluded that due to the approximate characteristics of the vehicle repair
problematic, the choice of its investment needs human intelligence because fuzzy Al
techniques have been used for decision-making for uncertainty problems.

Experimental Setup

Debates over the causes of Africa’s largest power utility company decline are in the
news. Load shedding increase to stage six (6000 MW power shortage) has a huge
negative impact on the sub-region’s economy and especially on that of South Africa.
Some political actions have been taken to boost the production of this company or
to split the company into three minor companies in order to reduce the impacts of
failure. The proposed solutions have no scientific basis study and could also
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contribute to increase the failure. Therefore, it may be wise to use advance scientific
techniques such as machine learning to analyze the current situation and propose
solutions which can contribute to raising its economy. The experiment was set up to
analyze a company’s annual reports published online in order to identify some
parameters that have an influence in the decision-making. It was also investigated if
their impact can be used to determine the well-being of a power generation and
transmission line company. The extracted data over a 15-year period from 2005 to
2020 were used as the input data. For a better analysis, this input data was divided
into five groups which are:

1) Data related to the company’s annual energy productivity (Date, Energy
sales in South Africa, International sales, Total sales). The size of this data is 15 rows
times 5 columns for a total of 75 datasets.

2) The use of all data related to the productivity (Date, Energy sales in South
Africa. International Sales, Total sales, with a data size of 15x3); related to the
income earned (Revenue in South Africa and International revenue, with a data size
of 15x3), related to the energy demand and the number of customers connected to
the grid (peak demand, customer number, with a data size of 15x3), and related to
the transmission line parameters (total length of the lines, level of CO, pollution,
total transmissible power generated, generating capacity, with a data size of 15x5)
for a total data size of 15x12.

The expected output was determined and set by allocating a binary number “0” or
“1” (Wanto, et al., 2017) (Tayeb, 2013) if CEOs’ dismissal or resignation status is
respectively negative or positive for the studied years. Knowing that a good utility
management could be evaluated by the level of load shedding for the electricity
sector, the binary allocation process was based on the level of load shedding and the
reasons why a chief executive officer was maintained, dismissed or had resigned
during the studied time frame. In a year such as 2017 where negative decisions were
involving in the CEOs’ changing, a binary number “0”” was allocated for the expected
output.

Nevertheless, it is possible to have some dismissals not be performance-related. For
example, despite the improving financial ratio, McDonald’s CEO Steve Easterbrook
was fired for consensual relationship with a subordinate (Selyukh, n.d.). If this
situation has to be allocated a binary number as an output, “1” should have been
given since this study focuses on companies’ well-being neither a human resources’
emotions. However, if this same situation financially or technically impacted the
yield of the company, a “0” should have been given as output. Having the input and
output data, two of the ANNSs time series machine learning techniques, namely
ANN-LM and ANNSCG, were used based on their capacity to analyze nonlinear
data and to predict the result over time. Moreover, a set of 10, and 50 were given to
the number of hidden neurons used to perform the simulations. This was done to
determine the impact of some parameters that influence the machine learning
performances. A time series response is plotted to analyze the results obtained. In
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time series, a response takes a target time series (t) and an output time series (y) and
plots them on the same axis showing the errors between them (MathWorks, n.d.).
Data Collected

The annual report is a precious source of information where much data can be
obtained. From 2005 till 2020, the data extracted from these reports to perform this
study were the energy sale in GWh at international and domestic levels; the total
energy produced yearly; the revenue gained from international and domestic sales;
the peak demand in MW; the number of consumers; the total length of the
transmission lines in km; the yearly level of CO- pollution in Mt and the total power
generated in MW. These data were determining factors to establish the well-being
of an electricity generation company.

To perform the simulation, a target output has to be set. Thus, the list of CEOs with
the reasons given for their dismissal as shown in Table 1 was analysed in-depth.
Various reasons were given to justify their stepping down and those reasons were
respectively converted into a “good’ using “l’or “bad’ using “0’managerial
decisions taken by the dismissed during this function. Thus, the decisions taken have
either contributed to improve or reduce the company’s well-being.
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Table 1: List of a South African company’s CEOs Performance
over 10 years (Businesstech, n.d.)

CEO Years_ of Status Reasons
Function
1 2000-2007 Term ended End of the contract
Pretend to have been dismissed illegally
2 2007-2009 Resigned Court’s decisions in favor of the company’s
board
Acting term .
3 2009-2010 ended Served as acting CEO
4 | 2010-2013 |  Resigned Personal reasons
5 | 2013-2014 | Acting term Served as acting CEQ
ended
6 2014-2015 Dismissed Load shedding investigation, and the_
reason the company could not prevent it
. Claimed he retired after allegation of
! 2015-2016 Resigned being involved in State Capture
8 2016-2017 Acting, dismissed Facing allegations of nepotism,
and then resigned |leaking confidential information and misleading
9 2017 Acting term ended To follow private business interests
then resigned
Acting. dismissed Associated to State Capture, while facing
10 2017-2018 9 . charges of misleading relating to Trillian and a
and then resigned
Hong Kongcompany.
11 | 2018- Now | Actual, CEO !

Machine Learning Techniques Used
The development of machine learning techniques is based on human brain
behaviour. The first ANN technigque was proposed by Hebb in early 1949 (Bansal,
2015). To solve complex problems with nonlinear data, the association of many

Figure 1: Typical General Architecture of an ANN Technique

When the expected output data are set to be binary numbers, the input data should
be normalized. The formulas used to normalize an input data is shown in Equation3
(Wanto, et al., 2017) (Tayeb, 2013).
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X, = —X = Xmin_ (1)

Xmax - Xmin

Where X, is the normalized value, Xmax represents the maximum value, Xmin is the
minimum value and X represents the value to be normalized.

The applications of ANN techniques are varied and diversified. However, according
to the kind of problem to be solved, a specific configuration should be used among
three main categories which are:

1) Nonlinear Auto-regressive in which the external inputs are used as a part of
the input data and this is mostly applied in control. This is presented in Figure 2a.
2) Nonlinear Auto-regressive in which the external output is used as the input
such as in image recognition. Its structure is presented in Figure 2b.

3) Nonlinear Input-Output in which there is no direct relationship between the
inputs and the desired outputs of the system as shown in Figure 2c. This is mostly
usedin fault classification and will be used in this case study.

(l'I I - o
> lg ¥

o [} s lo

(©
Figure 2: Specific ANN Architectures

To optimize the results obtained, ANN techniques are endowed with a function of
back-propagation of the error. It is used to evaluate the obtained output ‘y' compared
to that desired and to determine the error and this error could now be backpropagated.
Thus, determining an output value and backpropagating the error to have a new input
is called epoch. This procedure can be done n-times. However, a limit of epoch
should be set to avoid increasing the mean squared error (MSE). This is why current
machine learning determines the MSE value at each epoch and compares it against
other obtained values. If a decreasing MSE value changes its initial direction and
starts to increase, the system will automatically stop the computation. During the
simulation using MATLAB, various steps have to be followed such as: Import input
and output data from an Excel file; Choose the right percentages for training;
Validation and testing with the default percentage being respectively 70%, 15%,
15%; Choose the suitable architecture of your machine learning technique (the
number of hidden layers and the value of the delay); Choose the suitable type of
Machine learning algorithm (SCB or LM) for the analysis and train the system, and
Interpret the obtained results.
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Simulation Results and Discussion

In this section, the robustness of the proposed ANN techniques is demonstrated
through the simulation study with real data collected from annual reports of the
largest African company located in South Africa. Data were processed using the
machine learning techniques of MATLAB R2016a, installed on an i5 computer that
has 8GB memory. The training was performed with various sets of data as shown in
the experimental setup section for each of the two implemented techniques. This was
done to determine the most appropriate approach to obtain the best results. For each
setup training was done, and the performance of the system, the training state, the
error histogram as well as the time-series responses were analyzed. A training
session was successful only if the regression values that measured the correlation
between outputs and targets were obtained closest to “1” in absolute value. If this
regression value was closest to ‘0”, then the system was retrained to meet the
conditions and the MSE was then collected. Using the ANN-LM technique, Figure
3 shows the MSE obtained at different epochs for the training, validation, and testing
using the default percentages. The data related to the company’s annual productivity
were used as the inputs of the machine learning. The best validation was obtained
when MSE was equal to 0.09 at epoch 5. Thus, 5 epochs were necessary to complete
the full training of the system because the MSE obtained was the smallest.

Best Validation Performance is 0.090583 at epoch 5
10

Train
Validation
Test
Best

a
o
b

-10 |

a
(=]

a
o

10°

Mean Squared Error (mse)
5

107°°
o 1 2 3 4 5 ] 7
7 Epochs

Figure 3: ANN-LM Performance with 10 Hidden Layers

The error of the system in Figure 4 was determined by computing the difference
between the expected outputs and the obtained outputs. It shows that the error
obtained is higher for the training compared to the validation and test and the error
of the test in “red” is also higher in absolute value at the beginning of the training.
The time-series response obtained is shown in Figure 5. This response shows that
the error is higher with data used at the beginning of the computation followed by
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the last data which respectively represents the data collected earlier in 2005 and 2020
even though these errors are the smallest.

Error Histogram with 20 Bins

10 H Training
[ validation
I Test
8 Zero Error
g of
z
.
o Il . | N |
. . Errors. = 'Il'a?gect';s fs(.‘.b‘f:tpl.,lts
Figure 4. ANN-LM Errors Histogram with 10 Hidden Layers
1.2 Respolnse of Outlput Elerrlelnt 1 for TiII'TIB—SBriBS‘ 1 J
=2 4 (] Time {Yeﬁars) 10 12 14
Figure 5. ANN-LM Time-Series Response with 10 Hidden Layers
Table 2. MSE obtained using ANN-LM
Hidden Neuron MSE Obtained Epoch for
Input Variables Used for L A . Best
Training Training | Validation| Testing validation
10 7.26E-7 | 9.05E-2 | 1.78E-1 5
20 2.75E-25 | 2.65E-1 1.9E-1 5
. 30 6.34E-3 | 5.08E-1 8.1E-2 1
Energy Productivity 40 2.6E-2 | 6.84E-1 | 117 1
50 3.2 9.55E-2 1.57 0
10 7.58E-2 | 1.19E-1 | 2.76E-1 5
Income Earned 20 7.74E-2 | 5.67E-2 | 2.11E-2 3
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30 7.79E-2 | 6.01E-2 | 5.42E-1 4
40 3.85E-2 | 6.16E-1 | 6.01E-1 1

50 591E-2 | 1.86E-1 | 8.54E-1 1

10 1.05E-16 | 8.95E-2 | 8.01E-1 6

NUmber of 20 9.12E-7 | 5.05E-3 | 1.17E-7 3
Coraer o 30 6.62E-1 | 4.09E-1 | 1.09E-1 0
Energy Demand 40 8.65E-4 | 463E2 | 138 2
50 3.4E5 | 3.07E-2 | 45E-1 2

10 154E-2 | 3.29E-3 | 7.52E-1 3

20 3.12E-2 | 6.14E-2 | 3.08E-2 2

Lines’ Length and 30 1.87E-4 | 2.08E-1 | 4.73E-2 2
Pollution Level 40 4.74E-4 1.89E-1 1.03E-1 2
50 6.81E-3 | 55E-3 | 6.14E-2 1

10 278E-28 | 2.23E-2 | 2.03E-1 6

20 551E-6 | 2.13E-1 | 1.63E-2 2

. 30 5.64E5 | 152E-1 | 2.61E-1 2

All Variables 40 1.03E-5 | 1.64E-1 | 1.35E-2 2
50 1.26E-2 | 1.06E-1 | 3.5E-4 1

As shown in Table 2, the input variables used with the allocated hidden layers vary
with the epoch for best validation and subsequently, the MSE obtained. The
increasing number of hidden layers leads to an increase in the MSE obtained, but
reduces the total epoch for best validation. This can be observed in all input variables
utilized. However, this does not affect the overall results that much due to the fact
that these errors are the smallest.

The ANN-SCG technique was also applied to evaluate its capability to solve
nonlinear problems i.e. its robustness. The MSE obtained defines the performance
of the system at different epochs for the training, the validation and the test as is
shown in Figure 6. This performance was evaluated when 30 hidden layers were
utilized with the income earned by the company as the inputs of the machine
learning. The graphs of the validation in “green” color and test in “red” color indicate
that the training and the best validation performance of the system were obtained
when the number of epochs equaled 11. This demonstrated that this machine learning
technique learns better when the number of data sets is low.
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Best Validation Performance is 0.0044604 at epoch 11
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Figure 6: ANN-SCG Performance with 30 Hidden Layers
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The obtained error of the system shown in Figure 7 demonstrates that, even though
the validation and the test errors are fewer compared to the training errors, the
obtained values are higher compared to the ANN-LM technique. That is why the
system continued to increase the number of epochs in order to reduce these errors.
Thus, the time-series response in Figure 8 shows that the value of the errors varies
from one target to another and increases with the increase of the hidden layer
numbers as shown in Table 3 where all the data sets with their corresponding MSEs
obtained are presented. This Table 3 shows that if all variables are used, the best
system configuration is when 40 hidden layers are used since this gives the smallest

number of epochs.

Table 3. MSE obtained using ANN-SCG

Hidden Neuron MSE Obtained Epoch for
Input Variables Used for . I . Best
Training Training | Validation Testing validation
10 1.25E-3 5.83E-2 3.02E-1 22
20 7.04E-7 1.57E-2 3.78E-1 3
2
Energy Productivity 30 6.11E-2 1.93E-1 1.41E-3
40 5.54E-6 1.2E-2 5.7E-1 2
50 1.25E-18 9.3E-2 5.17E-2 4
10 8.79E-2 1.95E-1 2.55E-1 13
20 7.09E-2 2.01E-1 8.49E-1 1
Income Earned
30 1.28E-1 4.46E-3 1.78E-2 1
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40 802E-1 | 1E-2 2.58E-2 0
50 13361 | 146E2 | 1.02E-1 5
10 319E2 | 6.34E-3 | 2.19E-1 .
20 760E3 | 1.01E-2 | 2.74E-1 10
Number of 30 19562 | 968E2 | 2.29E-1 7
Consumersand
Energy Demand 40 116E-2 | 833E3 | 6.93E-2 8
50 3.73E-2 | 80262 | 111E-1 5
10 6022 | 13E-1 | 5.35E-2 8
20 AE-2 | 862E2 | 92E1 5
Lines’ Length and 30 208E2 | 18E-2 | 2.26E-1 6
Pollution Level 5
40 2.04E2 | 4.02E-3 | 4.18E-2
50 224E2 | 1.83E-4 | 581E-3 9
10 541E-3 | 9.62E-3 | 1.78E-1 15
20 285E-2 | 321E-3 | 2.10E-1 5
-
All Variables 30 234E2 | 1456-2 | 1.19E-1
40 24262 | 97582 | 1.91E-1 3
12
50 5E-4 | 956E-2 | 6.79E-2
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Figure 7: ANN-SCG Errors Histogram with 30 Hidden Layers
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Figure 8. ANN-SCG Time-Series Response with 30 Hidden Layers

The results obtained with the machine learning techniques demonstrated that the
learning, test, and validation procedures provide excellent results due to the short
number of epochs used to obtain the lesser MSE thus, to validate the results.
Therefore, the two techniques used are well chosen and can be used for decision-
making. These techniques have been used to predict Figure 9, Figure 10, Figure 11
and Figure 12. Analysis and recommendations provide with the obtained figures will
be based on the slope of the response curve in black color.

In Figure 9 the prediction output is made using the ANN- LM technique with the
annual energy productivity. From the slopes at various areas on the curve, a
projection could be done in ”y” axis to have the corresponding date and perform
some analysis. It is shown that despite the load-shedding which was instituted in the
year 2010, this did not affect the company growth much. This was due to the fact
that energy growth continued despite the poor state of the studied company.
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However, this growth proceeded very slowly and at any time could have turned
negative maybe because of a power unit collapse or a lack of raw material.

Response of Output Element 1 for Time-Series 1
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Figure 9: Prediction Output using ANN-LM with the Annual Energy Productivity and 10
Hidden Layers.
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Figure 10: Prediction Output using ANN-LM with all Data and 50 Hidden Layers
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Figure 11: Prediction Output using ANN-SCG with the Annual Energy Productivity and
10 Hidden Layers
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Figure 12: Prediction Output using ANN-SCG with all Data and 50 Hidden Layers

In 2012, the well-being of the company improved consistently until 2015 before
seeing its growth reduce in 2017comparing to previous years. Figure 9 also indicates
that in 2016, the measures taken to turn around the company had an impact on the
following years with strong growth which has be weakened between 2019, since a
negative slope was predicted. However, from 2020, the system predicted a positive
slope. Nevertheless, This Figure 9 also shows that in 2020, the training outputs
predicted has the highest error compared to the target, this could be due to the
system’s setup such as the number of hidden layers used.

The same observation is made in the Figure 10 where we see an almost similar
evolution with a jump between 2016 and 2020, but with a predicted slight decrease
in the company’s well-being from 2020 to 2022. Thereafter a decrease is expected
in the following years. Figure 11 tell us that the company has experienced downturns
for several years but a strong increase occurred between 2014 and 2019 materialized
by the positive slopes. However, in 2019, a decline was felt which brought back the
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company to its 2018 state before the measures taken to revitalize it allowed it to gain
momentum which will be maintained in the years to come with a positive GDP
economic contribution up to 2025. In Figure 12, some downturns are also observed
up to 2017 before a strong increase in the company’s state since a positive slope is
predicted. Beyond 2022, a positive slope is still observed but compared to the
previous one, a small decrease will be observed up to 2025.

In view of the results obtained and predicted by the machine learning techniques
used and the current situation in the country, it can be seen that the techniques
implemented have faithfully reproduced the company’s state during its last years
except for Figure 10 up to 2020 and Figure 11. These predicted a growing state
between 2014 and 2016 while the company was going through a difficult time.
However, these two developed techniques indicate a good evolution between 2016
and 2018, but without denying good growth in the coming years. But beyond 2022,
according to the current situation, Figure 10 seems to have the better prediction of a
decrease in the company’s state. This can be observed with the level of loadshedding
currently implemented in the country even though Figure 12 also predicts a slight
decrease. It should be noted that Figures 9 and 11 base their results only on annual
energy productivity data. This in itself is not a limited factor to assess the state of a
company’s well-being because there is a direct relationship between energy
productivity, demand and accrued revenues. In Figures 10 and 12 their predictions
are based on a set of parameters which takes into account the total energy produced,
revenues, electricity demand, number of consumers, length of the transmission lines,
the total power generated, and the quantity of CO, generated which enables one to
have a more realistic idea of the studied situation. It is clear that the company in the
year 2020 has a net increase in its well-being compared to previous years, but may
see this pull up in 2022 to its state before the year 2020 according to Figure 10.
Nevertheless, this well-being may continue up to 2024 according to Figure 9, 11 and
12.

In view of the results obtained, all objectives have been addressed. It is now
scientifically demonstrated that the state of this company analyzed is unsatisfactory.
It may therefore be wise to take essential measures which are known to be excellent
for rectifying the curve. Some of the measures that can be implemented to influence
the state of this company are known such as the training of qualified engineers in a
particular training school for the maintenance of power plants; A competitive salary
policy to retain the most qualified employees in the company; An anticipation of
energy demand according to the economic policy set up; The strengthening of the
measures taken in years 2018 to permanently supply electricity since all predictions
have shown an increase during that time.

ANN technique has been used in several studies to estimate one of the top
influencing factors in the working environment (Wong et al., 2021) but has not yet
been used in decision-making. Nevertheless, (Muhlroth and Grottke, 2020) used Al-
based data mining to spot emerging issues and trend in automation. Usually,
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decision-making studies are based on survey (Juju and Sony, 2021), (Love et al.,
2020). This study allows to expand the application of ANN in the literature.

Conclusion

The objective of this study was to develop a decision-making support system based
on two machine-learning techniques. To do this, data from the largest African power
utility company based in South Africa were analyzed using ANN-LM and ANN-
SCG. These techniques have been chosen due to their simplicity and the kind of data
utilized in this research (binary numbers). The first step consisted of determining the
company’s internal parameters which have an impact on the increasing evolution of
its activities and can be used to materialize its well-being. According to the annually
published data in its reports, it was noted that the data relating to energy production,
annual income, energy demand, number of consumers, and length of transmission
lines and level of pollution are most important. Thus, this data was used as the input
data for the machine learning techniques. The second step was to determine the
expected outputs of machine learning techniques based on the state of the studied
company for 15 years. Based on the reasons for CEOs’ dismissals or resignations, a
binary number ‘0’ or ‘1’ was assigned to each operational year. The third step was
to determine if the two machine learning techniques used can well analyze the data
obtained and create a faithful relationship between the input and output data in order
to use their learning power to assess the level of well-being of the company.

Both techniques have been shown to be excellent in learning the data provided
regardless of the number of hidden layers used. Thus, all objectives have been met.
The results obtained have shown that the company which highly supported the
country’s GDP in the years from 2005 has been doing relatively badly since 2008.
The fluctuating situation saw a succession of 12 CEOs in 10 years of operation and
has cost up to US$35,439,272. However, this change in CEOs did not solve the
problems that this company encountered and was going through. Nevertheless, the
machine learning techniques used have shown that between 2018 and 2020 the
company experienced good growth which could extend until 2025 in the best of the
cases if good decisions are taken or else will fall again from 2022 to reach its 2020
well-being state.

Since the input data were assigned output data according to the company’s state, it
is recommended to increase the production and the length of the transmission lines
knowing that the demand is high and the number of customers continues to increase
year after year. It was also noted that the CO, rate is a function of the amount of
electricity produced. This is due to the fact that the vast majority of electricity
produced is generated from coal as a raw material. It is, therefore, recommended to
increase the production of renewable energy plants such as solar and wind power to
reduce this CO; rate. Using such data among others allows for a unique set of inputs
necessary to accurate the results. Finally, it is recommended to increase the number
of international consumers who usually pay their bills in foreign currency such as
the US dollar in order to support other local activity sectors. For future research and
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in addition to this study, a larger sample size of data will be used and statistical
approaches will be implemented to compare with the machine learning techniques.
Moreover, k-fold validation will also be deployed and the results obtained from these
techniques will be analyzed. In conclusion, modelization does not predict the future
but helps to understand the future better and stay prepared to take informed
decisions.
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PODEJMOWANIE DECYZJI W OPARCIU O TECHNIKI UCZENIA
MASZYNOWEGO: STUDIUM PRZYPADKU

Streszczenie: Podejmowanie decyzji w firmach czesto opiera si¢ na osobistym
doswiadczeniu menedzeréow. Jednak konsekwencje tychze decyzji moga mie¢ wplyw na
rozwoj codziennych dzialan. Aby zilustrowa¢ wplyw podejmowania decyzji na zarzadzanie,
przeanalizowana zostanie najwigksza afrykanska firma energetyczna z siedzibg w RPA.
Roznorodne dane, takie jak: roczna produktywnosc i sprzedaz energii, zostaly wyodrgbnione
z raportow rocznych z 15 lat. Do analizy wyodrebnionych danych wykorzystano dwie
techniki sztucznych sieci neuronowych o nazwach: Levenberg-Marquardt i Scaled Conjugate
Gradient. Z uzyskanych rezultatow badan wynika, ze w latach 2018-2020 firma
doswiadczyta dynamicznego wzrostu, ktory w najlepszym przypadku moze potrwaé do 2025
r po czym spoadnie do poziomu z 2020 r. Uzyskane wyniki mozna zatem wykorzysta¢ do
wzmocnienia procesu decyzyjnego i okre§lenia momentu, w ktérym nalezy podja¢ decyzje
zapobiegajace upadkowi firmy.

Stowa kluczowe: podejmowanie decyzji, zarzadzanie strategiczne, techniki uczenia
maszynowego
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