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ABSTRACT

Football appears to be the most popular sports the world over, making it a game of betting for
money making among other thing. This business of betting, over the years has gown making it a
difficult and complex task in predicting correctly the outcome of football matches. This is as a
result of the numerous number of factors that are considered but cannot be quantitatively valued
or modeled. The aim of the project is to develop a machine learning algorithms for the prediction
of football matches. The classification algorithms adopted in this project includes: K-Nearest
Neighbor (KNN), support vector machines (SVM), Gaussian naive Bayes (GNB), decision tree
(DT) and Logistic Regression (LR) techniques. The dataset used was gathered from football-

data-co.uk.

The models was built using python programming language environment. The comparative
analysis carried out in this project support that machine learning algorithms perform well and

shows room for future improvement.

Page 6



Contents

CHAPTER

ONE .. e et ettt re s 1
INTRODUCGTION.......coiiitiiieiiee ettt e st b e s ae e n e s a e sre e sr e sre e neean e 1
1.1 Background to the StUAY ...........ccoooiiiiiiiiiiii e 1
1.2 ReSearch MOtiVATION. ............coiiiiiiiii ettt st 3
1.3 Research Aim and ODJECtIVES............cocuiiiiiiiiiiiiie ettt 3
1.4 Research Methodology .............cccuiiiuiiiiiiiiiiiie ettt rare e ae e st e s b e e s te e e sbee e eaeeees 4
T4l DIATASEL......ceoiiiiiieee ettt ettt et a e s b e bt et e e h et et e e sbe e sa bt e be e e bt e b bt eabe e bt e saneeeneena 4
1.4.2 Performance ANALYSIS..........cccooiiiiiiiiiniiiieeceeer e e 4
1.5 SCOPE OF STUAY.......ooieiiiieee et st sttt r e s re e r e sane e 5
1.6 Significance Of STUAY..........coooiiiiiiiiii e e 5
CHAPTER

TWO ettt et b et s b e st e sh e sbeebe e e bt et e sat e bt et e b e et e nneenee 6
LITERATURE REVIEW ..ottt sttt sttt ettt b bt sa e bt et sre e be e e 6
2.0 INTRODUCGTION.....ccoeiiiitiiiettetert ettt ettt ettt s s r s st b et e e e s nesresnnesre e 6
2.1 TYPES OF ARTIFICIAL INTELLIGENCE—WEAK AI VS. STRONG Al.........ccccocvvvninnennn. 6
Lo WeEaK AL ...ttt e e s s e e snr e sans 6
2.2 ARTIFICIAL INTELLIGENCE.........cccciiiiiiiiiit ittt 7
2.3 ARTIFICIAL INTELLIGENCE APPLICATIONS.......ooiiiiiinteettee ettt 10
L. Speech reCONItION: ...........cccooiiiiiiiiiiiii ettt sttt s eaeeas 10
2.4 MACHINE LEARNING ......cooiiiiiiiiiieeite ettt ettt s 13
2.4.1 DEFINITION OF MACHINE LEARNING.......cccccoiiiiitinitieetteieesee et 14
2.4.2 HISTORY OF MACHINE LEARNING ......coccoiiitiiiiiieeneeee et 15
2.5 HOW DOES MACHINE LEARNING WORK? .....oooiiiiiiiiieeneese et 17
2.6 TYPES OF MACHINE LEARNING........ooiiiiiiiieie ettt ettt st s sie e s 17
2.6.1 SUPERVISED LEARNING........cccciitiitiie ittt sttt ettt ettt sbe et st sneeneesne e 17
2.6.2 CATEGORIES OF SUPERVISED MACHINE LEARNING.........cccccocceiiinininninee e 18
2.6.3 UNSUPERVISED MACHINE LEARNING ......ccccociitiiiiininieneee et 20
2.6.4 CATEGORIES OF UNSUPERVISED MACHINE LEARNING ........cccccceeinvieiiiienieene 21
2.6.5 REINFORCEMENT ........cocooitiititiitettee sttt sttt ettt ettt sb et b e saesbbesbeesbesbeenbe e 23
2.6.7 CATEGORIES OF REINFORCEMENT LEARNING........cccccccenimiininieneeieeeeseeie e 24
2.7 FEATURE SELECTION ......oiiiiiiiiit ettt sttt sttt st st sbe et sbeesaesreesbeeseesneenee e 24
2.7.1 OBJECTIVES OF FEATURE SELECTION ........ccooiiiiiiiiinineneeieeeeseeee e 25
2.8 TYPES OF FEATURE SELECTION METHODS .......cccoooiiiiiieeneeeeeeeee e 25
12.9 SUPPORT VECTOR MACHINE........c..cccoiiiiiiiiiiiiint et 27
2.10 K NEAREST NEIGHBORS ALGORITHM..........cccoiiiiiiiiieiiee et 28
2.11 ARTIFICIAL NEURAL NETWORKS ..ottt 30
INEURAL NETWORK ..ottt s s s 33
II. WHAT IS A DEEP NEURAL NETWORK? .....coooiiiiiii e 33
II1. WHAT MAKES A NEURAL NETWORK “DEEP”?.......ccccoiiiiiiiiiniiientee e 33
2.12 MULTILAYER PERCEPTRON (MLP)......ccccoiiiiiiiiiiiietineentiese st 34
2.13 CONVOLUTIONAL NEURAL NETWORK ........oooiiiiiiiiiiiianiieee ettt 35
2.14 RECURRENT NEURAL NETWORK (RNIN).....coootiitiiitiiiieiee ittt siee st s 36
2.15 NAIVE BAYES ......oiiiiiiiiiiii ittt 38
2.15.1 TYPES OF BAYES NAIVE........coooiiiiiiiiincceseeie s 40
2.15.2 GAUSSIAN NAIVE BAYES CLASSIFIER............ccccccooeiiuiieieieiieseeseesaesesae e 41
216 DECISION TREE..........oooiiiiii ettt ettt et sttt st sb et sbe et e st e sbeesesbeenneenbenneas 42



2.17 LOGISTIC REGRESSION.......coiiiiiiiititereeeent ettt s 44

CHAPTER THREE..........cocoiiiiiiiiii ettt et 50
SYSTEM ANALYSIS AND DESIGN.........cooiiiiiiiiiiieteen et 50
3.1 INTRODUCGTION......coiiiieiteeteee ettt ettt ettt et s e st sre e e n e sn e sn e e saeesareesreesreeane 50
3.2 ANALYSIS OF STUDY ...ttt s e 50
B3 EXISTING SYSTEM.....ociiiiiiiiiiiete ettt sttt ettt sree e nneenn e e ne e sane 50
3.3.1 CONSTRAINTS OF EXISTING OF SYSTEM.......coooiiiiiiiieieeeeceeeesee e 51
3.4 JUSTIFICATION OF THE EXISITING ......ccooooiiiiiiiiieiie ettt 51
3.4.1 MERITS OF THE PROPOSED WORK ........ccccoiiiiiiiiiieeee e 51
3.5 DESIGN APPROACH........c.ooiiiecet ettt sttt st sttt s sbe et sree 55
3.5.1 MULTILAYER PERCEPTRON........oooiiiiiiiiee ettt s 58
CHAPTER

FOUR ... e 62
IMPLEMENTATION AND DOCUMENTATION.......ccoctioiitiiiieniieeneee e 62
41 OVERVIEW . ..ottt s sae s 62
4.2 SYSTEM REQUIREMENTS .....cociiiiiiiiiiiit e e 62
4.2.1 HARDWARE REQUIREMENTS.......ccoiiiiiiiiiiiieee e e e 62
4.2.2 SOFTWARE REQUIREMENTS......ooiiiiiiii ettt 63
4.3 TOOLS FOR MODEL DEVELOPMENT .........ccceociiiiiiiiieene e 63
4.3.1 PROGRAMMING LANGUAGES USED .....ccccoiiiiiiiiiiiie ettt 63
4.4 SYSTEM TESTIING ..ottt ettt sttt s st sae e s neesne e eneens 64
23

A5 RESULTS oottt et sttt e st et e s et st esree e bt e nn et eane e sanesaneesmnenane 65
4.7 SPLITING, LABELLING OF DATASET AND PERFORMANCE EVALUATION ......... 71
4.8 MODEL EVALUATION ..ottt ettt st st sne e e 73
4.9 ANALYSIS OF THE FACTORS AFFECTING FOOTBALL PREDICTION .................... 73
CHAPTER

FIVE e e 77
SUMMARY, CONCLUSION AND RECOMMENDATION.........ccccociiiiiiiiniiiieneceeee, 77
ST SUMMARY ..ottt s s r et r e 77
5.2 CONCLUSION ..ottt ettt s s sr e sar e sr e n e e ae e n e nesreenes 77
5.3 RECOMMENDATION........ciiiiiiiiiititetetten ettt st st s e 78
REFERENCE.........ooiiiiiiii ettt st st e e e st a e st re s n e sbe e sne s sres 79
1

CHAPTER ONE

INTRODUCTION

1.1 Background to the study

Football continues to be popular with 32 nations currently playing themselves to see who comes
out victorious at the largest football competition in the world as the 2022 FIFA World Cup is in
action. This year Edition of the 2022, FIFA World Cup forecasted to pull in 5 billion viewers
according to FIFA President Gianni Infantino (MARCA, 2022). Very few events can even come
close in terms of viewership, attendance and pricing. It makes sense that we would all be curious
to learn which team will win the World Championship. The sport with the most television
viewers,

the most costly television rights, the highest-paid athletes and events, and the most popular teams
on social media called "The Beautiful Game," as the Brazilian player Pelé memorably described
1t
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(Highlights et al., 2019). The area of influence of this sport is global and with the population of
over 4 billion people that follow the sport to some degree (Sawe, World Atlas., 2019).

From World Cups to Nations Cups to Continental Championship Cup to league Championship,
Football is the world’s popular sports. Millions of people worldwide watch numerous leagues of
football. As a result, there are more sponsorship agreements, betting companies operating
internationally, sales of uniforms and other merchandise, match tickets, and commercials every
day. The growth of the football business has brought together clubs looking for substantial
financial assistance, which has significantly raised competitiveness amongst clubs.

One of the reasons for football being the most popular sport in the planet is its unpredictability.
Numerous factors may be at play when the results of football matches are predicted, but curiosity
and practical considerations are frequently the reasons behind soccer fans' predictions(Igea,
2019).2

The desire for financial gain might occasionally drive soccer fans to place bets online or at brick
walls betting establishments. Other times, attempting to forecast the outcomes of the games just
reflects an effort to gather data that will allow for a stimulating discussion with friends or family
after the weekend.

It is challenging to quantify human precision when determining the outcome of a football game.
Predicted theories influence precision. The accuracy of the assumptions for various leagues and
tournaments varies, and they forecast the results for more leagues and tournaments than
individuals

did. Comparing the network's accuracy to that of humans, this makes it challenging. One of the
clever methods for demonstrating promising outcomes in the fields of categorization and
prediction is machine learning (ML).

Machine learning (ML) algorithms are used to predict the outcomes of soccer matches. The
Machine Language algorithm is trained using a data set consisting of a significant number of
data

points (matches). For each match this training data includes features relevant to the games such
as

the players, the number of corners, penalties, yellow and red cards, etc. of the match. The results
of each match are also part of this training data. Prediction models may be built using the
training

data. The models produced may be assessed comparing the results predicted by the model for a
testing set of matches with the actual results of those matches (Igea, 2019).

Around the middle of the 20th century, the first effective efforts at using quantitative approaches
to forecast football game outcomes were made. Using statistics, Moroney (1956) outlines a
method

for predicting soccer results. Considering the limited computer power available at the time,
fixing

the issue was a highly arduous and tied process.

It is becoming more and more common to predict soccer game results using data science
approaches. In an effort to obtain a competitive advantage, football teams now hire data analysts.
Each football game involves hundreds of player activities, but according to Ian Graham, director
of research at Liverpool, the research division can only evaluate the ones that are collected from
the football stat sheets and forms. The data that the research division manages is quite restricted,
and Graham I. notes that he is striving to enhance the mathematical model of the games using
video tracking. Improved simulations of a soccer match is created as more features are added to
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the model. Better-detailed models will result in more accurate forecasts (Nytimes.com, 2019).
Dhar (2013), prediction is the heart of remarkable disciplines in science and that is the reason
why

the philosophy of prediction is employed in many companies around the world today to enable
them forecast and make reasonable future plans. Machine learning, which an area of artificial
intelligence is used in this project to predict football matches outcomes. The predictions would
be

in four classes for each game: win, draw, loss or and cancel.

1.2 Research Motivation

This project aims to develop and assess a Machine Learning model able to predict results of
football matches.

The project also provides answers to the following research questions:

a. To enhance the prediction capability.

b. To factor out which algorithm is more accurate.

1.3 Research Aim and Objectives

In this project, the researcher intend to implement a predictive model using machine learning
approaches and deep learning methods for sports prediction. The specific objectives of this
project

are to:

a. Extract relevant features from the football datasets using feature selection methods;

34

b. Design a predictive model for the prediction of the Spanish Primera Division;

c. Implement a predictive model using (a) and (b); and

d. Evaluate the performance of the predictive models in (c) based on standard metrics.

1.4 Research Methodology

This section describes the dataset, classification techniques and performance analysis. Seven
Algorithms- long Short-term memory network (LSTM), k-nearest neighbors (KNN), support
vector machine (SVM), logistic regression, decision tree and naive Bayes are used in the
experiment using the MLP model.

1.4.1 Dataset

The dataset used for the implementation was the Spanish La Liga; league of 2019/2020 to
2021/2022 seasons (football-data, 2022). The league consist of 20 teams played both home and
away matches equaled to 380 matches per season and 1,520 matches for these four (4) years.
1.4.2 Performance Analysis

The performance of these classification algorithms was measured based on the accuracy.
Accuracy

shows the rate at which the classifier meets the correct target class, that is, it determines the
instances of data correctly classified (Rosli et al, 2018).

Accuracy = Total number of correctly predicted match result

(1)

Total number of matches

The total number of correctly predicted Home Win, Away Win and Lose match results is
equivalent to the total number of correctly predicted match results.5

1.5 scope of study

The scope of this project work is the Spanish Primera league (La Liga).

1.6 significance of study
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With this study, we analyze the raw data, which includes previous fixture matches of the seasons
and input values gathered from those matches. After analyzing, we expound the performance
measures that can directly affect the results that will benefit teams and individuals who are
engaged

in the betting scene. CHAPTER TWO

LITERATURE REVIEW

2.0 INTRODUCTION

Until now, predictive analysist or researchers have tackled the predictions of football outcomes
in

different approaches. Predicting a sporting event's outcome using technology has become
increasingly important, as both the sports, betting industry and technology have expanded
significantly. In actuality, when processing a large amount of data, humans have some
limitations.

However, this problem can be overcome or solved using artificial intelligence techniques.

2.1 TYPES OF ARTIFICIAL INTELLIGENCE—WEAK AI VS. STRONG Al

I. Weak AI: Also, called Narrow Al or Artificial Narrow Intelligence (ANI)—is Al trained and
focused to perform specific tasks. Weak Al drives most of the Al that surrounds us today.
‘Narrow’

might be a more accurate descriptor for this type of Al as it is anything but weak; it enables some
very robust applications, such as Apple's Siri, Amazon's Alexa, IBM Watson, and autonomous
vehicles.

I1. Strong AI: Is made up of Artificial General Intelligence (AGI) and Artificial Super
Intelligence

(ASI). Artificial general intelligence (AGI), or general Al, is a theoretical form of Al where a
machine would have an intelligence equaled to humans; it would have a self-aware
consciousness

that has the ability to solve problems, learn, and plan. Artificial Super Intelligence (ASI)—also
known as superintelligence —would surpass the intelligence and ability of the human brain.
IT1. While strong Al: is still entirely theoretical with no practical examples in use today that
does

not mean Al researchers are not also exploring its development. In the meantime, the best
examples

6of ASI might be from science fiction, such as HAL, the superhuman, rogue computer assistant
in

2001: A Space Odyssey (IBM, 2020).

2.2 ARTIFICIAL INTELLIGENCE

The term intelligence would be the capacity to acquire and apply relevant skills to resolve issues
and accomplish objectives in a context-specific manner in a world that is always changing and
unpredictable. A manufacturing robot that has been fully preprogrammed is flexible, accurate,
and

reliable but not intelligent (HAIL 2020).

John McCarthy, an emeritus Stanford professor, first used the phrase artificial intelligence (AI)
in

1955. He later described it as "the science and engineering of creating machine intelligence”. In a
lot of research, people have taught robots to play chess or act cleverly, but today we focus on
teaching machines to learn at least somewhat similarly to humans (HAI, 2020).
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Artificial intelligence is a topic that, in its most basic form, combines computer science and
substantial datasets to facilitate problem solving. Additionally, it includes the branches of
artificial

intelligence known as deep learning and machine learning, which are commonly addressed
together. These fields use Al algorithms to build expert systems that make predictions or
categorize

information based on incoming data (IBM, 2020).

Artificial intelligence (Al) is the capacity of a digital computer or robot operated by a computer
to

carry out actions frequently performed by intelligent beings. The term is frequently applied to the
project of developing systems endowed with the intellectual processes characteristic of humans,
such as the ability to reason, discover meaning, generalize, or learn from experience. It has been
proven that computers can be programmed to perform extremely complicated tasks—Tlike, for
example, finding proofs for mathematical theorems or playing chess—with remarkable
7proficiency ever since the development of the digital computer in the 1940s. Nevertheless,
despite

ongoing improvements in computer processing speed and memory space, there are currently no
programs that can match human adaptability across a larger range of activities or those needing a
substantial amount of background knowledge. On the other hand, some programs have reached
the

performance levels of human experts and professionals in carrying out some specific tasks, so
artificial intelligence in this constrained sense is present in a variety of applications, including
voice or handwriting recognition, computer search engines, and medical diagnosis (Copeland,
2022).

Al applications include advanced web search engines (e.g., Google), recommendation systems
(used by YouTube, Amazon and Netflix), understanding human speech (such as Siri and Alexa),
self-driving cars (e.g., Tesla), automated decision-making and competing at the highest level in
strategic game systems (such as chess and Go). (AlphaGo, 2017).

The Al effect is a phenomenon where actions once thought to require "intelligence" are
frequently

taken out of the definition of Al, as machines grow more and more capable (McCorduck, 2004).
For instance, optical character recognition is frequently left out of the category of Al-related
technologies (Hackernoon, 2019), having become a routine technology (Schank, 1991).
Artificial intelligence originally established as an academic discipline in 1956 and has had
multiple

waves of optimism since then, followed by disappointment and the loss of funding (known as an
"Al winter") (Crevier, 1993), followed by new approaches, success and renewed funding.

Since its inception, Al research has experimented with and abandoned a wide range of
methodologies, including modeling human problem solving, formal logic, extensive knowledge
bases, and animal behavior imitation. Machine learning that is heavily based in mathematics and
8statistics has dominated the subject in the first two decades of the twenty-first century. This
approach has been very effective in solving difficult issues in both industry and academics (Clark,
2015b). Traditional objectives of Al research include reasoning, knowledge representation,
planning, learning, natural language processing, perception, and the ability to move and
manipulate objects (Russell and Norvig, 2003),

One of the long-term objectives of the area is general intelligence, or the capacity to solve any
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problem (Robert, 2016). Artificial intelligence (AI) researchers have integrated and modified a
wide range of problem-solving techniques, including as formal logic, artificial neural networks,
search and mathematical optimization, as well as approaches from statistics, probability, and
economics, to address these issues. Al (Pennachin & Goertzel 2007) also influences computer
science, psychology, linguistics, philosophy, and many other disciplines.

The field was founded on the assumption that human intelligence "can be so precisely described
that a machine can be made to simulate it. This raised philosophical arguments about the mind
and

the ethical consequences of creating artificial beings endowed with human-like intelligence;
these

issues have previously been explored by myth, fiction and philosophy since antiquity (Newquist,
1994).

From assisting referee decisions, to improving physical performance and predicting future harm,
to producing and implementing tactics, artificial intelligence is pervading more and more aspects
of the footballing world.

Most recently, FIFA and UEFA have approved the use of Semi-automated Offside Technology
(SAOT) at the 2022 FIFA World Cup in Qatar as well as for the 2022, UEFA Super Cup match
and during the group stage matches of the 2022-2023 UEFA Champions League. However, there
9may be more to artificial intelligence technology than meets the eye, as well as its applications
and

algorithms (LawInSport, 2022).

2.3 ARTIFICIAL INTELLIGENCE APPLICATIONS

Applications of artificial intelligence (AI) have been employed in business and academics to
solve

specific issues. Like electricity or computers, artificial intelligence is a general-purpose
technology

with a wide range of uses. It has been used in fields of language translation, image recognition,
credit scoring, e-commerce and other domains (Erik and Tom, 2017).

There are numerous, real-world applications of Al systems today. Below are some of the most
common examples:

I. Speech recognition: It is also known as automatic speech recognition (ASR), computer
speech

recognition, or speech-to-text, and it is a capability, which uses natural language processing
(NLP)

to process human speech into a written format. Many mobile devices incorporate speech
recognition into their systems to conduct voice search—e.g. Siri—or provide more accessibility
around texting.

I1. Customer service: Online virtual agents are replacing human agents along the customer
journey. They answer frequently asked questions (FAQs) around topics, like shipping, or provide
personalized advice, cross-selling products or suggesting sizes for users, changing the way we
think about customer engagement across websites and social media platforms. Examples include
messaging bots on e-commerce sites with virtual agents, messaging apps, such as Slack and
Facebook Messenger, and tasks usually done by virtual assistants and voice assistants.

IT1. Computer vision: This Al technology enables computers and systems to derive meaningful
information from digital images, videos and other visual inputs, and based on those inputs, it can
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10take action. This ability to provide recommendations distinguishes it from image recognition
tasks.

Powered by convolutional neural networks, computer vision has applications within photo
tagging

in social media, radiology imaging in healthcare, and self-driving cars within the automotive
industry.

IV. Recommendation engines: Al algorithms can assist in identifying data trends that can be
used

to create more efficient cross-selling tactics by using historical consumption behavior data. This
is

used to make relevant add-on recommendations to customers during the checkout process for
online retailers.

V. Automated stock trading: Designed to optimize stock portfolios, Al-driven high-frequency
trading platforms make thousands or even millions of trades per day without human intervention
(IBM, 2020).

1112

Figure 2.1. Al functional applications (WIPO, 2019)Figure 2.2 Al applications field (WIPO,
2022).

2.4 MACHINE LEARNING

The automatic recognition of deliberate patterns in data is referred to as machine learning. It has
evolved into a typical tool in the recent years for almost every activity requiring data extraction
from huge information collections. Machine learning is utilized in the current world to simplify
human life in areas like search engines, anti-spam software and computer codes, digital cameras,
smart phones, accident interference systems, and scientific fields including bioinformatics,
13medicine, physical science, and computer engineering. For instance, after each query, search
engines learn how to present the simplest results.

A software system can safeguard credit card transactions by training anti-spam software systems
to screen email communications. Computer programs can also learn how to spot frauds.
Smartphones may achieve voice recognition commands and face recognition because digital
cameras learn to detect and analyze faces. Accident prevention systems are already standard in
modern vehicles, protecting both the driver and passengers from potential collisions. As is
known,

a wide range of fields and specialties use machine learning. Due to this circumstance, different
researchers have created numerous definitions. It is describe as the systematic use of
computations

and factual models by computer frameworks to carry out a given activity successfully without
the

need for clear illumination, relying instead on designs and inductive inference.

2.4.1 DEFINITION OF MACHINE LEARNING

According to Alpaydn, (2014), machine learning is the process of programming computers to
optimize an execution model using case data or previous experience. Learning is the application
of a computer program that optimizes a model we have with a few parameters. The model could
be predictive to set predictions for the future, visual to gather data from data, or both. Since
drawing conclusions from a sample is the primary objective of machine learning, the insights
hypothesis is used while creating numerical models.
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Machine learning is an ever-evolving field of technology whose algorithms are designed to
mimic

human insights by absorbing information from the surrounding environment. Various fields,
such

as aerospace engineering, pattern recognition, computer vision, finance, entertainment, and
medical applications, have successfully adopted machine-learning techniques. (Murphy and
Nagqa,

2015)

14According to (Bishop, 2016) machine learning and pattern recognition are concerned with
automatically identifying patterns in data by utilizing computer algorithms, as well as with acting
on these patterns. Bishop further noted that in order to carry out the responsibilities of prediction
and decision-making, machine learning algorithms build a model based on training data.
Machine learning is the study of using computers to mimic human learning, according to (Tang
et

al.,) additionally, machine learning is a field of study that uncovers new skills and knowledge,
separates it from already known information, and consistently enhances performance. The
fundamental learning methods used by machine learning include rote learning, inductive
reasoning, analogical learning, and deductive learning.

Rote learning represents the memory that stores and retrieves the information without reasoning
and calculation. Inductive reasoning represents the common knowledge of specific instances,
extracting the common regulations of data and reasoning from specific to general. Analogical
learning is comparing similar actions and trying to find the relations and possible solutions of
these

actions. Deductive learning represents the result of certain explications and clarified process of
examples from general to specific.

2.4.2 HISTORY OF MACHINE LEARNING

When we examine the history of machine-learning field, in early, 1940’s Warreen McCulloch
and

Walter Pitts wrote a scientific paper (McCulloch and Pitts) about artificial neurons and this
research is the first study of neural networks in the literature. Human brain data transmission
mechanism and electrical circuits inspire proposed model. In 1950, Alan Turing published a
manuscript (Turing, 2009) on computing machinery and intelligence. In this paper, Alan Turing
develops the Turing Test to specify a case that a computer has real intelligence. In order to pass
the test, a computer must be able to trick a human into believing it is human. In 1952, Arthur
1516

Samuel developed a computer program that plays checkers, and the program improves itself after
each play with itself. In 1957, Frank Rosenblatt published a paper (Rosenblatt, 1958) on
perceptron, which is a probabilistic model for information storage and organization in the brain.
He defines the perceptron structure consisting of neurons and aiming to recognize patterns.
Moreover, this scientific study is crucial for the invention of developing feed forward neural
networks model and back propagation technique, which are the fundamental methods of the
modern artificial neural network algorithms in early 70’s. In 1967, Pelillo published a paper
(Pelillo, 2014), which includes the nearest neighbor rule.

In 1980, Fukushima (Fukushima, 1980) proposed Neocognitron, which models artificial neural
networks in a different perspective, being accepted as the ancestor of the convolutional neural
networks model. (Hopfield, 1982) invented recurrent neural networks.
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Recurrent structures are separated from feed forward structures because they use their outputs as
inputs in the next process. Consequently, recurrent networks have memory. (Watkins, 1989)
published his PhD thesis including the development of q learning that improves the usability of
reinforcement learning. Reinforcement learning is the machine learning that consists of agents in
a dynamic learning environment, which uses punishments and reward mechanisms. (Tesauro,
1992) developed a computer backgammon program, called TD-Gammon, which uses supervised
learning and the multilayer neural network algorithm. The program was designed to play expert
level backgammon. A researched paper that described random forest algorithm published by (Ho,
1995). In addition, (Vapnik and Cortes) published a researched paper in the same year that was
described support vector machine algorithm. Both researches are new scientific discoveries and
they contributed to the literature.2.5 HOW DOES MACHINE LEARNING WORK?
Machine Learning is, undoubtedly, one of the most exciting subsets of Artificial Intelligence. It
completes the task of learning from data with specific inputs to the machine. It is important to
understand what makes Machine Learning work and, thus, how it can be used in the future.

The Machine Learning process starts with inputting training data into the selected algorithm.
Training data being known or unknown data to develop the final Machine Learning algorithm.
The

type of training data input does affect the algorithm, and that concept will be covered further
shortly.

New input data is fed into the machine-learning algorithm to test whether the algorithm works
correctly. The prediction and results are then checked against each other.

If the prediction and results do not match, the algorithm is re-trained multiple times until the data
scientist gets the desired outcome. This enables the machine-learning algorithm to continually
learn on its own and produce the optimal answer, gradually increasing in accuracy over time.
The next section discusses the three types of and use of machine learning.

2.6 TYPES OF MACHINE LEARNING

Machine learning is a subset of Al, which enables the machine to automatically learn from data,
improve performance from experiences, and make predictions. Machine learning contains a set
of

algorithms that work on a huge amount of data. Data is fed to these algorithms to train them, and
based on training; they build the model & perform a specific task.

2.6.1 SUPERVISED LEARNING

As its name suggests, supervised machine learning is based on supervision. It means in the
supervised learning technique, we train the machines using the "labelled" dataset, and based on
the training, the machine predicts the output. Here, the labelled data specifies that some of the
17inputs be already mapped to the output. More preciously, we can say; first, we train the
machine

with the input and corresponding output, and then we ask the machine to predict the output using
the test dataset.

2.6.2 CATEGORIES OF SUPERVISED MACHINE LEARNING

Supervised machine learning can be classified into two types of problems, which are given
below:

I. Classification

Classification algorithms are used to solve the classification problems in which the output
variable
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is categorical, such as "Yes" or No, Male or Female, Red or Blue, etc. The classification
algorithms

predict the categories present in the dataset. Classification deals with text categorization, natural
language processing, informatics, fraud detection, face recognition, marketing, optical character
recognition (Cimen, 2019). Some real-world examples of classification algorithms are Spam
Detection, Email filtering, etc.

Figure 2.3. Classification example

18Some popular classification algorithms are listed below:

a) ANN Algorithm

b) Naive Bayes Algorithms

c) K-NN Algorithm

d) Support Vector Machine Algorithm

II. Regression

Regression is the linear relationship between two or more variables. Unlike the classification,
predictions of the regression is about the numeric outputs in order to measure the relationship
between two or more variables. If analysis is performed using a single variable, it is called
univariate regression, and if more than one variable is used, it is called multivariate regression
analysis. Regression algorithms are used to solve regression problems in which there is a linear
relationship between input and output variables. These are used to predict continuous output
variables, such as market trends, weather prediction, etc.

19Figure 2.4. Example of Linear Regression

Some popular regression algorithms are listed below:

a) Simple Linear Regression Algorithm

b) Multivariate Regression Algorithm

c) Decision Tree Algorithm

d) Lasso Regression

2.6.3 UNSUPERVISED MACHINE LEARNING

Unsupervised learning is different from the supervised learning technique; as its name suggests,
there is no need for supervision. It means, in unsupervised machine learning, the machine is
trained

using the unlabeled dataset, and the machine predicts the output without any supervision.

2021

In unsupervised learning, the models are trained with the data that is neither classified nor
labelled,

and the model acts on that data without any supervision.

The main aim of the unsupervised learning algorithm is to group or categories the unsorted
dataset

according to the similarities, patterns, and differences. Machines are instructed to find the hidden
patterns from the input dataset.

2.6.4 CATEGORIES OF UNSUPERVISED MACHINE LEARNING

Unsupervised Learning can be further classified into two types, which are given below:

L.

Clustering

The clustering technique is used when we want to find the inherent groups from the data. It is a
way to group the objects into a cluster such that the objects with the most similarities remain in
one group and have fewer or no similarities with the objects of other groups. An example of the
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clustering algorithm is grouping the customers by their purchasing behavior.22

Figure 2.5 Example of clustering

Some of the popular clustering algorithms are given below:

a) K-Means Clustering algorithm

b) Mean-shift algorithm

¢) DBSCAN Algorithm

d) Principal Component Analysis

e) Independent Component Analysis

I1. Association

Association rule learning is an unsupervised learning technique, which finds interesting relations
among variables within a large dataset. The main aim of this learning algorithm is to find the
dependency of one data item on another data item and map those variables accordingly so that it
can generate maximum profit. This algorithm is mainly applied in Market Basket analysis, Web
usage mining, continuous production, etc.

Some popular algorithms of Association rule learning are Apriori Algorithm, Eclat, and FP-
growth

algorithm.

2.6.5 REINFORCEMENT

Reinforcement learning works on a feedback-based process, in which an Al agent (A software
component) automatically explore its surrounding by hitting & trail, taking action, learning from
experiences, and improving its performance. Agent is rewarded for each good action and are
punished for each bad action; hence, the goal of reinforcement learning agent is to maximize the
rewards.

In reinforcement learning, there is no labelled data like supervised learning, and agents learn
from

their experiences only.

The reinforcement learning process is similar to a human being; for example, a child learns
various

things by experiences in his day-to-day life. An example of reinforcement learning is to play a
game, where the Game is the environment, moves of an agent at each step define states, and the
goal of the agent is to get a high score. Agent receives feedback in terms of punishment and
rewards.

Due to its way of working, reinforcement learning is employed in different fields such as Game
theory, Operation Research, Information theory, multi-agent systems.

232.6.7 CATEGORIES OF REINFORCEMENT LEARNING

Reinforcement learning is categorized mainly into two types of methods/algorithms:
POSITIVE REINFORCEMENT LEARNING: Positive reinforcement learning specifies
increasing the tendency that the required behavior would occur again by adding something. It
enhances the strength of the behavior of the agent and positively affects it.

NEGATIVE REINFORCEMENT LEARNING: Negative reinforcement learning works
exactly opposite to the positive RL. It increases the tendency that the specific behavior would
occur again by avoiding the negative condition.

2.7 FEATURE SELECTION

The input variables that we give to our machine learning models are called features. Feature
Selection is the method of reducing the input variable to your model by using only relevant data
and getting rid of noise in data (simpliLearn, 2022). It is the process of automatically choosing
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relevant features for your machine-learning model based on the type of problem you are trying to
solve. We do this by including or excluding important features without changing them. It helps
in

cutting down the noise in our data and reducing the size of our input data.

2425

Figure 2.6 Feature selection

2.7.1 OBJECTIVES OF FEATURE SELECTION

1. It eliminates irrelevant and noisy features by keeping the ones with minimum redundancy and
maximum relevance to the target variable.

2. It reduces the computational time and complexity of training and testing a classifier, so it
results

in more cost-effective models.

3. It improves learning algorithms’ performance, avoids overfitting, and helps to create better
general models (Towards Data Science, 2021).

2.8 TYPES OF FEATURE SELECTION METHODS

There are three categories of feature selection methods, depending on how they interact with the
classifier, namely, filter, wrapper, and embedded methods.

L

Filter methods are scalable (up to very high-dimensional data) and perform fast feature
selection before classification so that the bias of a learning algorithm does not interact with 26
the bias of the feature selection algorithm.

They mainly act as rankers, ordering the features from best to worst.

The ranking of features depends on the intrinsic properties of the data, for example,

variance, consistency, distance, information, correlation, etc.

There exist many filter methods, and new ones are developed regularly, each of them uses

a different criterion to measure the relevance of the data.

One general definition for relevance is that a feature can be regarded as irrelevant if it is
conditionally independent of the class labels or it does not influence the class labels; in

these cases, it can be discarded.

II.

Wrapper methods use a machine-learning algorithm as a black box evaluator to find the
best subsets of features, and so, they are dependent on the classifier.

Practically any combination of the search strategy and modeling algorithm can be used as

a wrapper.

When a wrapper is performed in a dataset with plenty of features, it consumes exceptional
computational resources and time to run.

Finally, these methods are simple to implement and can model feature dependencies.

1.

Embedded methods:

bridge the gap

between filters and wrappers.

To begin with, they fuse measurable and statistical criteria like a filter to choose some
features, and then using a machine-learning algorithm, they pick the subset with the best
classification performance.

They reduce the computational complexity of wrappers without re-classifying the subsets

in each iteration and can model feature dependencies.
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They

do not perform iterations.27

Feature selection is performed in the learning phase, meaning that these methods achieve

both

model fitting and feature selection at the same time.

One disadvantage is their dependency on the classifier (Towards Data Science, 2021).

2.9 SUPPORT VECTOR MACHINE

Data Mining could be a pioneering and engaging analysis space thanks to its vast application
areas

and task primitives. Support Vector Machine (SVM) is enjoying a decisive role because it
provides

techniques that are particularly compatible to get ends up in an economical method and with a
good level of quality. The use of support vector machine in various applications makes this tool
inevitable for the development of products, which have implications for the society. Support
vector

machines being computationally powerful tools for supervised learning, are widely employed in
classification, clump, and regression problems. Support vector machines have a good
performance

when implementing various kind of problems like face recognition, text categorization,
bioinformatics, computer-science related topics, civil engineering, and electric electronics, etc.
Support Vector Machine algorithm, first developed by Vladimir Vapnik in the fields of applied
mathematics, learning theory and structural risk reduction, have demonstrated to figure
successfully on various prediction and classification issues (Vapnik, 1998).

Many pattern recognition and regression problems involving estimate and prediction employ
support vector machines. Support vector machines are able to capture a wide range of features
thanks to the structural risk minimization theory's generalization concept. Support vector
machines

fall within the category of supervised learning models, which examine data and identify patterns
for the purposes of regression and classification. The features of the support vector machine 28
algorithm can be categorized as kernels, margin, duality, sparseness, and convexity (diggdata,
2014).

Figure 2.7 SVM Classification hyperplane

2.10 K NEAREST NEIGHBORS ALGORITHM

K nearest neighborhood algorithm as a non-parametric decision method that can be utilized for
classification and regression operations (Hart et al., 2000). In classification, k nearest neighbor
algorithm categorizes and labels the test samples regarding the feature sets with the k value and
finding the closest values to the k value in every class on the feature set. Euclidian distance,
Manhattan distance and Minkowski distance are the popular distance vector functions when
finding the closest values 29

Figure 2.8 nearest Neighbor Algorithm Usage Example

Distance functions

Euclidean VY (xi — yi)

2

ki=1
2.1

Manbhattan )’ ki=1 |xi — yi| 2.2
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No a. Figure limit equationsFigure 2.8.1 (sayad, 2022) represents the Euclidian, Manhattan and
Minkowski distance functions

formulas. As can be seen on the figure 2.8.1, in both Euclidian, Manhattan and Minkowski
formula, Xi and Yi represent the points on the coordinate axis and the main aim is to find the
distance between Xi and Yi (Chomboon et al., 2015). (Han et al., 2012) defines Minkowski
distance formula that can be considered as a generalization of the both Euclidian and Manhattan
distances.

2.11 ARTIFICIAL NEURAL NETWORKS

Artificial Neural Networks (ANN) are brain-inspired algorithms that are used to forecast
problems

and model complex patterns. The idea of biological neural networks in the human brain gave rise
to the Artificial Neural Network (ANN), a deep learning technique. Artificial neural network
refers

to a biologically inspired sub-field of artificial intelligence modeled after the brain. An effort to
simulate how the human brain functions led to the creation of ANN. Although they are not
exactly

the same, the operations of ANN and biological neural networks are very similar. The ANN
algorithm accepts only structured and numeric data (Vidhya, 2021). ANN can model as the
original

neurons of the human brain; hence, ANN processing parts are called Artificial Neurons.

ANN consist of a large number of interconnected neurons that are inspired by the working of a
brain. These neurons have the capabilities to learn, generalize the training data and derive results
from complicated data. Artificial neural networks neurons are linked to each other in various
layers

of the networks. These neurons are known as nodes. These networks are used in the areas of
classification & prediction, pattern & trend identifications, optimization problems, etc. ANN
learns

from the training data (input and target output known) without any programming.

The learned neural network is called an expert system with the capability to analyze information
and answer the questions of a specific field.

30Figure 2.9. Artificial Neural Networks

The units of calculation are neutrons. The artificial neurons are connected by synapses, which are
really just weighted values. Artificial neural network consist of three layers:

31Figure 2.10. Layers of Artificial neural network

Input Layer: As its name implies, it accepts inputs supplied by the programmer in a variety of
various formats.

Hidden Layer: The hidden layer presents in-between input and output layers. It performs all the
calculations to find hidden features and patterns.

Output Layer: Using the hidden layer, the input is transformed over time to produce an output
that is then communicated using this layer.

A bias is added as part of the weighted sum of the inputs that the artificial neural network
computes

after receiving input. A transfer function serves as the visual representation of this calculation.
In order to produce the output, it passes the weighted total as an input to an activation function.
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32Activation functions choose whether a node should fire or not. Only those who are fired make
1t

to the output layer. Depending on the type of task we are completing, many activation functions
can be used.

I NEURAL NETWORK

This section explains the difference between the three types of neural networks and cover the
basics of deep neural networks. Here one will cover the following neural network types:

1. Multi-Layer perceptron (MLP)

2. Convolutional Neural networks (CNN)

3. Recurrent Neural Networks (RNN)

II. WHAT IS A DEEP NEURAL NETWORK?

A deep neural network (DNN) is an artificial neural network (ANN) with multiple layers
between

the input and output layers. Deep neural network models have become a powerful tool for
machine

learning and artificial intelligence.

Neural networks target brain-like functionality and are based on a simple artificial neuron: a
nonlinear function (such as max (0, value)) of a weighted sum of the inputs. These pseudo
neurons

are collected into layers, and the outputs of one layer becoming the inputs of the next in the
sequence.

II1. WHAT MAKES A NEURAL NETWORK “DEEP”?

Deep neural networks employ deep architectures in neural networks. “Deep” refers to functions
with higher complexity in the number of layers and units in a single layer. The ability to manage
large datasets in the cloud made it possible to build models that are more accurate by using
3334

additional and larger layers to capture higher levels of patterns. The two key phases of neural
networks are called training (or learning) and inference (or prediction), and they refer to the
development phase versus production or application. When creating the architecture of deep
network systems, the developer chooses the number of layers and the type of neural network, and
training determines the weights.

2.12 MULTILAYER PERCEPTRON (MLP)

A multilayer perceptron (MLP) is a class of a feedforward artificial neural network (ANN).
MLPs

models are the most basic neural network, which is composed of a series of fully connected
layers.

Today, MLP machine learning methods can be used to overcome the requirement of high
computing power required by modern deep learning architectures. Each new layer is a set of
nonlinear functions of a weighted sum of all outputs (fully connected) from the prior one.
Figure 2.11. Multilayer perceptrons35

Figure 2.4 multiple layer perceptron activation (medium, 2018)

Where x = inputs

w = weights

b = bias

f = activation function
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2.13 CONVOLUTIONAL NEURAL NETWORK

A convolutional neural network (CNN) is another class of deep neural networks. CNNs are most
commonly employed in computer vision. Given a series of images or videos from the real world,
with the utilization of CNN, the Al system learns to automatically extract the features of these
inputs to complete a specific task, e.g., image classification, face authentication, and image
semantic segmentation. Different from fully connected layers in MLPs, in CNN models, one or
multiple convolution layers extract the simple features from input by executing convolution
operations. Each layer is a set of nonlinear functions of weighted sums at different coordinates of
spatially nearby subsets of outputs from the prior layer, which allows the weights to be reused.
Figure 2.13. Basic architecture of CNN LeNet

Applying various convolutional filters, CNN machine learning models can capture the high-level
representation of the input data, making CNN techniques widely popular in computer vision
tasks.

Convolutional neural network example applications include image classification (e.g., AlexNet,
VGG network, ResNet, MobileNet) and object detection (e.g., Fast R-CNN, Mask R-CNN,
YOLO, SSD).

2.14 RECURRENT NEURAL NETWORK (RNN)

A recurrent neural network (RNN) is another class of artificial neural networks that use
sequential

data feeding. RNNs have been developed to address the time-series problem of sequential input
data. The input of RNN consists of the current input and the previous samples. Therefore, the
connections between nodes form a directed graph along a temporal sequence. Furthermore, each
3637

neuron in an RNN owns an internal memory that keeps the information of the computation from
the previous samples.

Figure 2.14 Recurrent neural network

RNN models are widely used in Natural Language Processing (NLP) due to the superiority of
processing the data with an input length that is not fixed. The task of the Al here is to build a
system that can comprehend natural language spoken by humans, e.g., natural language
modeling,

word embedding, and machine translation. In RNNs, each subsequent layer is a collection of
nonlinear functions of weighted sums of outputs and the previous state. Thus, the basic unit of
RNN is called “cell”, and each cell consists of layers and a series of cells that enables the
sequential

processing of recurrent neural network models (viso.ai, 2022).38

2.15 NAIVE BAYES

The Nave Bayes algorithm is a supervised learning method for classification problems that is
based

on the Bayes theorem (JavaTpoint, 2021).

It is mostly employed in text categorization with a large training dataset. The Naive Bayes
Classifier is one of the most straightforward and efficient classification algorithms available
today.

It aids in the development of efficient machine learning models capable of making accurate
predictions.

Being a probabilistic classifier, it makes predictions based on the likelihood that an object will

Page 23



occur. Spam filtration, Sentimental analysis, and article classification are a few examples of
Naive

Bayes algorithms that are frequently used (JavaTpoint, 2021).

The Naive Bayes algorithm is comprised of two words Naive and Bayes, Which can be described
as:

L.

Naive: It is called Naive because it assumes that the occurrence of a certain feature is
independent of the occurrence of other features. Such as if the fruit is identified on the

bases of color, shape, and taste, then red, spherical, and sweet fruit is recognized as an

apple. Hence, each feature individually contributes to identify that it is an apple without
depending on each other.

II.

Bayes: It is called Bayes because it depends on the principle of Bayes' Theorem

Bayes' Theorem:

Bayes' theorem is also known as Bayes' Rule or Bayes' law, which is used to determine the
probability of a hypothesis with prior knowledge. It depends on the conditional probability.39
The formula for Bayes' theorem is given as:

P (A|B) = p(B]
AP
P

(B)

P (A|B) is Posterior probability: Probability of hypothesis A on the observed event B.

P (BJA) is Likelihood probability: Probability of the evidence given that the probability of a
hypothesis is true.

During the training process that the algorithm undertakes, the Naive Bayes Classifiers defines
Parameters looking at each feature individually and it collects for each feature simple per-class
Statistics. The Naive Bayes classifiers are applicable for continuous data and store the average
values as well as the standard deviations of each feature for each class (Muller and Guido, 2018).
The algorithm collects statistics of the mean and standard deviations for shots that resulted in a
goal and for the shots that did not result in a goal. Hence, the Naive Bayes Classifier algorithm
produces a model able to predict if a shot from a defined distance and angle results in a goal or
not

(Igea, A, 2019).40

2.15.1 TYPES OF BAYES NAIVE

Figure 2.15 Types of Bayes naive (Medium, 2020)
(https://medium.com/@chaudhurysrijani/what-is-so-naive-about-naive-bayes-and-how-does-it
deal-with-time-and-space-eal 982615011)

L

Gaussian: It is employed in classification and relies on the concept that feature data is
distributed normally.

1I.

Multinomial: Discrete counts are handled by multinomial. Let's take the issue of text
classification as an example. We can take Bernoulli trials into consideration here, which is
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one step further. Instead of counting the number of times a word appears in a document,

we have "count how many times a word appears in a document." You can think of this as
the "number of times outcome number x I is observed over the n trials."

1.

Bernoulli: If your feature vectors are binary, the binomial model is beneficial (i.e. zeros
and ones). One use would be text classification using a "bag of words" model, where 1s

and Os represent words that occur in documents and those that do not (Medium, 2022).41
2.15.2 GAUSSIAN NAIVE BAYES CLASSIFIER

In Gaussian Naive Bayes, continuous values connected to each feature are presumed to be
distributed using a Gaussian distribution (Normal distribution). Plotting it results in the bell-
shaped

curve below, which is symmetric about the mean of the feature values (KDnuggets, 2022).
Figure 2.16 (KDnuggets, 2022)
(https://www.kdnuggets.com/2020/06/naive-bayes-algorithm-everything.html)

The likelihood of the features is assumed Gaussian; hence, conditional probability is given by:

P(X):\/Znalze—(x

20u2)2

————————— (2.6)

Now, what if any feature contains numerical values instead of categories i.e. Gaussian
distribution.

Before constructing frequency tables, one alternative is to convert the numerical values to their
42

categorical equivalents. The third choice, as demonstrated above, could be to estimate the
frequency by using the distribution of the numerical variable. Assuming normal or Gaussian
distributions for numerical variables is one popular approach, for instance (KDnuggets, 2022).
Two parameters define the probability density function for the normal distribution (mean and
standard deviation).
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(KDnuggets, 2022)

2.16 DECISION TREE

A decision tree is a non-parametric supervised learning algorithm, which is utilized for both

classification and regression tasks. It has a hierarchical, tree structure, which consists of a root
node, branches, internal nodes and leaf nodes (IBM, 2022).
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The tree has nodes that split for the different values of a specific feature. The tree also has edges
(Branches) that are outcomes of a split and go to the next feature or nodes. The root is the node
Where the first split is performed and the tree also has leaves that are the terminal nodes which
Predict the outputs of the problem (Igea. A, 2019).43

Figure 2.17. Decision Tree

(IBM, 2022)

(https://www.ibm.com/topics/decision

trees#:~:text=A%20decision%20tree%20is%20a,internal %20nodes%20and%20leat%20nodes.)
The root node of a decision tree, which lacks any incoming branches, is shown in the diagram
above. The internal nodes, sometimes referred to as decision nodes, are fed by the root node's
outgoing branches. Both node types undertake assessments based on the available attributes to
create homogenous subsets, which are represented by leaf nodes or terminal nodes. The leaf
nodes

represent all of the outcomes within the dataset (IBM, 2022).2.17 LOGISTIC REGRESSION
Logistic regression is one of the most popular Machine Learning algorithms, which comes under
the Supervised Learning technique. It is used for predicting the categorical dependent variable
using a given set of independent variables (JavaTpoint, 2022).

Logistic regression predicts the output of a categorical dependent variable. Therefore the
outcome

must be a categorical or discrete value. It can be either Yes or No, 0 or 1, true or False, etc. but
instead of giving the exact value as 0 and 1, it gives the probabilistic values which lie between 0
and 1.

Logistic Regression is much similar to the Linear Regression except that how they are used.
Linear

Regression is used for solving Regression problems, whereas Logistic regression is used for
solving the classification problems.

In Logistic regression, instead of fitting a regression line, we fit an "S" shaped logistic function,
which predicts two maximum values (0 or 1). The curve from the logistic function indicates the
likelihood of something such as whether the cells are cancerous or not, a mouse is obese or not
based on its weight, etc.

Logistic Regression is a significant machine-learning algorithm because it has the ability to
provide probabilities and classify new data using continuous and discrete datasets.

Logistic Regression can be used to classify the observations using different types of data and can
easily determine the most effective variables used for the classification (JavaTpoint, 2022).
4445

Figure 2.18 logistic regression (JavaTpoint, 2022)

https://www javatpoint.com/logistic-regression-in-machine-learning

The mathematical steps to get Logistic Regression equations are given below:

The equation of the straight line can be written as:

y=b0+ blx1 + b2x2 + b3x3 + --- + bnxn (2.10)

In Logistic Regression y can be between 0 and 1 only, so for this let us divide the above equation
by (1-y):

y

1-y

;0 fory =0, and infinity fory=1

(2.11)
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But we need range between -[infinity] to +[infinity], then take logarithm of the equation it will
become:

log[1-yy] = b0+ blx1+ b2x2 + b3x3 + -+ + bnxn (2.12)
The above equation is the final equation for Logistic Regression (JavaTpoint, 2022).4647
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49CHAPTER THREE

SYSTEM ANALYSIS AND DESIGN

3.1 INTRODUCTION

System analysis and design is a step-by-step process for developing high-quality information
system. An informative system combines technology, people and data to provide support for
business function such as order processing, inventory control, human resources and many more
(Rosenblatt, 2013).

3.2 ANALYSIS OF STUDY

Due to the immense success of football, a great deal of research has been conducted to enhance
prediction. One of the primary ways to engage people is to provide them with the platform that
makes prediction on the go for their favorite matches.it provides an opportunity for viewers to be
connected.

Most viewers read reviews on matches and make predictions before the match. For a single
match,

reviews are posted in hundreds and often times even in thousands. Thus, it is difficult for any
viewer to go through all reviews before making prediction. Hence, it is essential to classify these
reviews and the filtration of these reviews can be done based on the categories: home win, away
win, a draw with machine-learning algorithm.

3.3 EXISTING SYSTEM

Handling of large amount of data is a big challenge not just on the end of the viewers but also to
the business owners to go through all the users reviews and make important predictions for the
most desired matches. Existing method involved checking game head to head for the past 5
weeks

and making predictions from it.

5051

3.3.1 CONSTRAINTS OF EXISTING OF SYSTEM

Many problems opposing the current method were identified as the research and investigation
exercise was being carried out. Such problem includes:

L.

Organization had always been concerned about the success of a project and how the public
perceives the application. This concern results from a variety of motivations. They are

faced with the problem of assigning someone to manually compile game statistics from
previous years.

1I.

Physically search and input games standings.

1.

Difficulty in gathering user’s interest.

V.

Time consuming to read through since handling of large amount of data can be challenging.

3.4 JUSTIFICATION OF THE EXISITING
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Due to the increasing variety of challenges encountered when attempting to gather a significant
number of reviews on a certain product across several internet sites, it is necessary to find a
possible solution to the constraints of existing system. To resolve this problem as stated in
section

3.3.1. In bid to resolve this problem we would employ the use of artificial neural network
technique

multilayer perceptron to classify the game statistics and overview of this classification.

3.4.1 MERITS OF THE PROPOSED WORK

Multilayer perceptron poses many advantages over physically reading the reviews. Multilayer
perceptron is not only for classification problems, where you want to just find out continuous
prediction instead it provides a platform to obtain discrete outcome. It is easy to implement and it
can be used as a performance baseline. It does not require too many computational resources; it
is

highly interpretable.it does not require ant tuning. It is easy to regularize and its output well
calibrated predicted probabilities. The classification are divided into home win, away win and
draw. The percentage of home win, away win and draw is easily obtained and it is accessible by
the developer’s future development of a model.
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INPUTS

Data collection

Data cleaning

Corpus

FEATURE SELECTION

PHASE

Classification of features

Feature selection

Corpus

Training

Multilayer

perceptron

KNN

CNN

RNN

SVM

Decision Tree,

Naive Bayes,

and logistic

regression

TEST

Performance Evaluation

OUTPUT

Classification

Classification

Home

Away Win

Draw3.4.1 RELEVANCE OF THE PROPOSED MODEL

Using neural network technique of supervised teeing to classification requires clearly stated
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methods. In the proposed method as shown in the architectural framework as shown in figure 3.1,
definite and established procedures would be required, understanding their various relevance is
necessary and would be discussed below:

1. INPUT COMPONENT: The above structure illustrates the proposed classification of reviews
online platforms. To accomplish our goal, we analyze a dataset of football statistics gotten from
data.org.

L.

Data collection: The dataset required for the proposed model is obtained. It is necessary
because it provides the quality information to enable and improve the process of the model.

It measures information on variables of interest that is required for evaluation.

I1.

Data cleaning. The proposed model intends to conduct an analysis on the dataset obtained

but it is necessary to remove invalid data points from the dataset, such as extra spaces.
Removing duplicates and deleting formatting. Data cleaning is important and necessary
because it helps improve data quality, increase the overall productivity and performance of

the model.

1.

Corpus: This is the databank of the preprocessed reviews, the result obtained after data
cleaning.

2. FEATURE SELECTION

Feature selection is also known as attribute selection. It is the selection of attributes most
relevant

to the proposed model. It helps in creating an accurate predictive model, features that would
provide higher chances of accuracy and requiring less data.55

3. A TRAINING, TESTING AND VALIDATION

Deploying a supervised machine learning, the model which is all about making a program
generalized the input samples that has never been encountered. The dataset is split into two parts:
training set and test set. Training set is used to make the model examine data and learn from its
mistake while Validation is to ensure that the model is to be trained and the periodically be
evaluated. Test set corresponds to the final evaluation and enables the model to be tested for its
Generalization.

4. OUTPUT

The required classification after the testing, validation and testing is the output of the model.
3.5 DESIGN APPROACH

In machine learning, classification is used to classify the given content into a precise set based on
a training set of data containing observations whose category is known in advance. To visually
represent use model process and requirements and for the purpose of clarity we would be
employing the use of data flow diagram which is mainly in 2 levels which are given as 0-level
and

I-level as given in fig 3.2 and fig 3.3 respectively

1. 0-LEVEL DATA FLOW DIGRAM: This is a context diagram. It is designed to be an
abstraction view, displaying the system as a singular process with the relationship to external
entity

in this case data.org showing the input, the required process and output.Figure 3.2 0-level Data
Flow Diagram (DFD)

2. 1-LEVEL DATA FLOW DIAGRAM
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In 1-level DFD, it shows more details on the processes. In this level the main functionality of the
system and a breakdown of the high

level into sub-processes is given.

Fig3.3 shows 1- level data flow diagram
Data.org

DATA COLLECTION (CSV FORMAT)

DATA CLEANING

FEATURE SELECTION

CLASSIFIER TRAINING

CLASSIFICATION

HOME

AWAY

DRAW

FOOTBALL stat (dataset)

Python

librariesSplit Dataset (using

sklearn model

selection)

80% training

20% testing

DATA PREPROCESSING

Minmanx scaling for preprocessing the

reviews attributes such that the values

ranges from0-1

Training Dataset

Label

Home =0

Away =1

Draw =2

Learn SVM, LSTM,

MLP, NATVE BAYES,

LOGISTIC

REGRESSION,

DECISION TREE, KNN

Output Classifier

Classification of the

dataset into home,

away and draw

Data collection

(CSV format)

Data cleaning using

python panda library

function3.5.1 MULTILAYER PERCEPTRON
Multilayer perceptron is an artificial neural network technique for analyzing a dataset in which
there are one or more independent variables that determine an outcome. The outcome is
measured

with a three variables which there are only three possible outcomes.
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1. Data (reviews) collection

To provide an exhaustive study of neural network algorithms, the experiment based on analyzing
the sentiment value of the standard dataset. We use the original data set of the android
applications

review to test our methods of reviews classification. The dataset is available and collected
through

(football-data), and this dataset consists of length 1280, and are uniform in 551 home wins, 373
away wins and 356 draws.

Table 3.2 data count for proposed model

HOME WIN

551

AWAY WIN

373

DRAW

356

TOTAL

1280

1. DATA PARTIONING

Figure 3.4: Data partition (Training and test set).

2. Data partitioning also known as data splitting is an approach used to divide the entire dataset
into subsets of data. In an ideal situation, more independent data sets can be collected or simply
and inexpensively repeat an experiment to collect new ones. Also independent datasets can be
used for learning, model selection and even an assessment of the prediction performance. In such
situations there exist no reason to split any dataset. However, in situations when only one dataset
is available and newer ones cannot be collected then there is need for some strategy to perform
prediction task effectively based on the dataset collected. In this section, several data splitting
strategies were reviewed and predominantly the chosen strategy for this work. The dataset
building

our model in a regression task can be divided into subsets of train and test data. Machine-
Learning

deals with program learning from datasets and as a result the training data is the data which the
machine learning programs learn to perform correlational tasks (classify, cluster, learn the
attributes) while the testing data is the data, whose outcome is already known and is used to
determine the accuracy of the machine learning algorithm, based on the training data (how
effectively the leaning happened Figure 3.1 shows how a single dataset is divided into instances
of train and test set as given to the machine learning algorithm.

3. Feature selection

Feature selection is one of the most important technique before data partitioning. It involves the
extraction of the most and unused columns. Moreover, this technique is useful because of the
greater dimensionality of text features and existence of noisy features and selects an optimal set
of

features and removes the irrelevant feature in order to improve the classification performance. In
this work, filter method of feature selection and ranker search technique were used to assign
ranks

to attributes retrieved after carrying out data preprocessing task.
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4. Performance Evaluations
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After training, the next step is to predict the output of the model on the testing dataset and a
confusion matrix generated which classifies the review as positive, neutral or negative alongside
precision, recall and F1 score, where precision is the ratio; (tp tp +£p)

where tp is number of true positives and fp is number of false positives Precision is intuitively
the

ability of the classifier not to label as away a prediction that is home, and recall is the ability of
the

classifier to find all the home predictions. F1 score is weighted average of the precision and
recall,

where an F1 score reaches its best value at 1 and worst score at 0. It can be calculated as

Fl1=2« precision (precision + * recall recall)

(3.1)

A confusion matrix is a summary of prediction results on a classification problem. The number
of

correct and incorrect predictions are summarized with count values and broken down by class
Table 3.2: A typical structure of a confusion matrix

Class 1 predicted

Class 2 predicted

Class 3 predicted

Class 1 actual TP

FN

FN

Class 2 actual

FP

TP

FN

Class 3 actual

FP

FN

TP61

The results involve the following attributes:

a) True positive: True Positive in the testing data, which are correctly classified by the model
as positive (P)

b) False Positive: False Positive in the testing data, which are incorrectly classified by the
model as Positive (P)

c¢) True Negative: True Negative in the testing data, which are correctly classified by the
model as Negative (N)

d) False Negative: False Negative in the testing data, which are incorrectly classified by the
model as Negative (N)

Using Gaussian Naive Bayes, one was able to predict the possible outcomes using the classifier
to generate the results. Taking the some of the features, betting odds, which contains WHCD,
WHCA, PSCA etc. and the full time results. After training the model, the confusion matrix
from Scikit learning and pass it to the test data: the true values first, then predictions.

The rows represent the true label and the columns shows the predicted labels. Class sorts both
rows and columns, so the first row shows all the samples that have a true label of draw, the
middle row shows the label of wins and the last row show all the class that have a true label of
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loss. Of course, it is quite hard to interpret this matrix in this raw format. So typically, one
would plot it as a bar chart. This can be found in chapter four of this study. CHAPTER FOUR
IMPLEMENTATION AND DOCUMENTATION

4.1 OVERVIEW

System implementation refers to the construction and testing of the model itself. This section's
goals are to construct the suggested model, record the procedure, and provide the findings.

4.2 SYSTEM REQUIREMENTS

System requirements are the conditions that a system must meet in order to operate smoothly,
effectively, efficiently, and predictably, with the knowledge that doing so could affect
performance

or result in problems.

4.2.1 HARDWARE REQUIREMENTS

To run the model conveniently, a decent laptop with the following hardware is required:

a. Processor: Intel 13, 15, 17, and above

b. RAM: 12GB or more

c. Memory: above 120GB of space

d. Processor Speed: 2.2GHZ and above

e. GPU: Because the model uses several cores for processing during its training stages, a GPU is
necessary to increase the model's performance.

f. TPU: Because the model uses several cores for processing during its training stages, a TPU is
necessary to increase the model's performance.

g. Internet: A stable internet connection from a reliable Internet Service Provider (ISP) because
the software used 1s required to run online.

624.2.2 SOFTWARE REQUIREMENTS

A computer's software is an intangible Component of the computer. To run the model, the
following software is required:

a. Operating System: either a Windows 7, 8, 10, or Linux operating system should be sufficient
but Linux is recommended,

b. Integrated Development Environment (IDE): Google Colaboratory (Google Colab)

4.3 TOOLS FOR MODEL DEVELOPMENT

Software developers use these programs to create, debug, and maintain other programs and
Applications. The next section lists the most important software tools utilized in the creation of
The proposed model.

4.3.1 PROGRAMMING LANGUAGES USED

In the development of a model, the decision of which programming language to use is critical
Since it helps the programmer to convey his or her ideas in a convenient manner.

A. Python

Python is an interpreted, object-oriented, high-level programming language with dynamic
semantics. Its high-level built-in data structures, combined with dynamic typing and dynamic
binding, make it very attractive for Rapid Application Development, as well as for use as a
Scripting or glue language to connect existing components together. Python is simple, easy to
learn

syntax emphasizes readability and therefore reduces the cost of program maintenance. Python
supports modules and packages, which encourages program modularity and code reuse. The
Python interpreter and the extensive standard library are available in source or binary form. The
proposed model utilizes some of python’s extensive library, which includes:
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L.

Numpy is a python library that allows provides its users with an array-processing package.

It allows for the use of high-performance multidimensional array object.

1I.

Pandas is used as a data manipulation tool that makes use of a data frame in storing its data

in a tabular form.

1.

Seaborn is used for data visualization. It is a high-level interface based on matplotlib

(another popular data Visualization library). It can be used in all sorts of data analysis tasks
that require visualization of data and inferring information from: it.

IV.

Matplotlib is a library used in visualizing data by providing the ability to create graph plots.
B. Scikit-Learn

Another powerful library used in the proposed model is Scikit-Learn. Scikit-learn is a library
In Python, that provides many unsupervised and supervised learning algorithms. It is built
Upon some of the familiar technologies like NumPy, pandas, and Matplotlib. The functionality
That Scikit-learn provides includes:

a. Regression, including Linear and Logistic Regression

b. Classification, including K-Nearest Neighbors

C. Clustering, including K-Means and K-Means++

d. Model selection

e. Preprocessing, including Min-Max Normalization

4.4 SYSTEM TESTING

The effectiveness of the model is evaluated through system testing. Model performance testing
often entails applying the models to the test dataset and assessing the results in terms of recall,
accuracy, and precision.4.5 RESULTS

This section includes images of some of the model's intriguing feature graphs, as well as the
suggested model's outcome at the end.

4.5.1 RAW DATASET

This is the available dataset obtained from the data collection phase (football-data.co.uk).The
dataset contains some columns related to betting statistics and it is stored in a comma separated
values (CSV) format.

4.5.2 PREPROCESSED DATA

The image table 4.1 shows the output derived from a pre-processed data, which has been
normalize, the main aim of reducing and possible elimination of redundancy in the data and face
the large variance of data.

Table 4.1 Preprocessed Data Ath. Madrid 2019

65Table 4.2 Preprocessed Data for Ath. Madrid 2020

Table 4.3 Preprocessed Data Barcelona 2019

66Table 4.4 Preprocessed Data Barcelona 2020

Table 4.5 Preprocessed Data Celta 2019

67Table 4.6 Preprocessed Data Celta 2020

Table 4.7 Preprocessed Data Real Madrid 2019

68Table 4.8 Preprocessed Data Real Madrid 2020

Table 4.9 Preprocessed Data Sevilla 2019
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69Table 4.10 Preprocessed Data Sevilla 2020

Table 4.11 Preprocessed Data Valencia 2019
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Table 4.12 Preprocessed Data Valencia 2020

4.7 SPLITING, LABELLING OF DATASET AND PERFORMANCE EVALUATION
4.7.1 CLASSIFICATION ALGORITHM

As earlier stated in chapter 3, we would be splitting the available dataset into 80% training and
20% testing. The main aim of the training data is to ensure the system learns on this data since
the

output is known in order to generalize on other data later on. While the test data is used to
evaluate

the performance of the model using some performance metrics accuracy, specificity and

sensitivity.4.7.2 PERFORMANCE EVALUATION TABLE
MODELS
ACCURACY VALUES
SPECIFICITY
SENSITIVITY
PRECISION
FSCORE

SVM
0.569554
0.527288
0.565385
0.563218
0.773895
DECISION TREE
0.506562
0.462184
0.607692
0.478788
0.740089
MULTILAYER
PERCEPTRON
0.611549
0.563242
0.6
0.586466
0.792558
KNN
0.598425
0.567106
0.584615
0.575758
0.790823
NAIVE BAYES
0.543307
0.549809
0.55
0.510714
0.778683
LOGISTIC REGRESSION
0.619423
0.577049
0.580769
0.599206

0.8013194.8 MODEL EVALUATION

I evaluated my model using a performance evaluation table to get the highest accuracy and the
highest precision in other to calculate the accuracy, recall and precision as shown below:
Highest Accuracy (x) = Precision value x 100%

Highest Accuracy (x) = 0.619423 x 100% = 61.94%

ERROR (X) =1—- ACCURACY (X)
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ERROR (X)=1-0.619423 = 0.380577 = 38%

This model has a precision of 0.619, which means that when the model predicts the result is
correct

probably 61.9% of the time.

4.9 ANALYSIS OF THE FACTORS AFFECTING FOOTBALL PREDICTION

How much of a factor is home advantage?

In the Spanish league season, each team plays 19 home games and 19 away games. According to
our analysis, teams playing at home had a better chance of winning than teams playing away.
Steps Taken:

1. All the data of the past 12 years was combined and grouped according to the Full Time Result
(FTR).

2. The length of each group was evaluated to get Home wins, Away wins and Draws.

Results: The following table and graph illustrates the number of Home wins, Away wins and
Draws in a particular Spanish season.

7374

Table 4.2 Game Statistics

Fig 4.1 Graphical illustration75

Table 4.3 Game Aggregate

Home Wins

Away Wins

Draws

Overall

551

373

356

Fig 4.2 and Fig 4.3 illustrates the total number of home wins, away wins and draws in the past 3
years. The Aggregate win percentage for the home side as well as the Away side has been
represented as a pie chart in Fig 4.2 and bar chart in Fig 4.3 respectively.

Fig 4.2 Pie Chart

Fig 4.3 Bar chartConclusions:

The information above makes it evident that during each season of the Spanish football league,
the

home team has won more games than the visiting team. These factors could be to blame for this
a) Football is a team sport, and crowd energy has an impact on the team's overall mood. When a
team is playing at home, the audience supports them and this improves their performance.

b) The host team may perform better due to familiarity with the field and the surrounding
weather.

c) Home teams do not have to travel far to get to the stadiums, whereas visiting teams might
have

to travel the full length and breadth of the nation, wearing them out.

Finally:

1. Home teams have a definite advantage over Away teams. On aggregate, home team win
46.65%

matches compared to 27.72% matches won by the away teams.

2. Using the different algorithms and methods to compare the data and results which showed that
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logistic regression algorithm was better in predicting accurate result with an 80% mark.
Although,

these predictions should not be over looked because the Spanish league can be upsetting where
any team is capable of defeating any other team.

76CHAPTER FIVE

SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 SUMMARY

The aim of this project was to develop and design a predictive model using machine learning
approaches and deep learning methods for sports prediction. This was done by taking the
Spanish

football League as a case study, using the Feature selection technique and LSTM, KNN, SVM,
LOGISTIC REGRESSION, NAIVE BAYES and DECISION TREE as the algorithm for the
model.

The prediction model was developed after datasets were extracted online and preprocessed,
trained

and tested with the preprocessed data

The model was implemented using Python with its corresponding libraries such as SK Learn,
Numpy etc. The model had an accuracy of 61.94% after testing it.

The chapters give briefs of how the design was carried out, the structure program and the
prediction

analysis.

5.2 CONCLUSION

In conclusion, the project's aim was achieved, which was design of a predictive model. The
model

was tested with an accuracy of 61.94%. The accuracy is good, seeing that existing works hardly
use the features used in this project such as Home Team Yellow Card (HY) and Away Team
Yellow Card (AY).
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5.3 RECOMMENDATION

Since the accuracy of the prediction was only 61.94%, there is still much work to be done to
increase its accuracy. The types of features selected go a long way in making the model more
accurate. [ recommend that the algorithms chosen must be what would affect the predicting
accuracy and more algorithms should be added to get a higher prediction. REFERENCE
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