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Hinweise fur Betrachter der PDF Version

= Die Folien sind eher eine
unterstitzende Zusammenfassung

= Der Vortrag selbst erfolgt zu
grof3en Teilen direkt in MATLAB

- Das im Vortrag gezeigte Live
Script ist angehangt
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What is MATLAB?

= High-level language
= Interactive development
environment

= Used for:
— Numerical computation

— Data analysis and visualization
— Algorithm development and

programming

— Application development and

deployment
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Demo: Analysis of Bundesliga Matches 1963/64 — 2017/2018

= Will the half time “winner” be the winner after the final whistle?

EDTOR HéBDL9& %
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5 1963/1964 Predicting Final Result of a Bundesliga Match Goal difference: half time vs. full time I@‘
- & 1963/1964 0 10 a ) 2500
—_ O r an I Z e d ata 7 1963/1964 We will attempt to predict the final result (home win, draw or away win) of a Bundesliga match based on
the half time results and the final results of every Bundesliga match since 1963/64 until 2017/2018. We -7
g 1963/1964 are taking into account the combination of home team and away team, as well as the half time resutt of 3 2000
. . S 1963/1964 the current match. 3
— Explore the data interactively o wsnos 3
11 1963/1964 Table of Contents g0 1600
12 1963/1964 s
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2% 1963/1964 The match data is stored in bundesliga.csv. Letl's allow the user to open a different source. Schalke vs. Dortmund: half time draw 45 Half time draw
- Matcn
23 1963/1964 1 [filename,path,idx] = uigetfile({ *.csv; *.txt'; *.xls; *.xIsx'},... ®  Fultime away %0
24 1963/1964 2 ‘Select File to Open’, bundesliga.csv'); R ;u\\t\mdmw
ull time home:
25 1963/1964 Open the selected file depending on filter selection. 35
o sees- 2
26 1963/1964 .
3 if idx ==
27 1963/1964 4 winopen(filename);
5 elseif idx == 1980 2000 25
6 edit(filename); R
7 elseif idx == All matches 20
8 errordlg('Ho file selacted.') 4
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end E o ©
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Accessing Data from MATLAB

Access

= Files
— Spreadsheet, text, or binary
— Audio and video, image
— Scientific formats and XML

= Applications and languages
— C/C++, Java, FORTRAN
— COM, .NET, shared libraries
— Databases (Database Toolbox)

=  Measurement hardware

— Data acquisition hardware (Data Acquisition Toolbox)

— Stand-alone instruments and devices
(Instrument Control Toolbox)

MATLAB EXPO 2018
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Organize Data in MATLAB
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AN datetime O
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Data Analysis and Visualization in MATLAB

Explore & Discover

- - - = 4 Figures - Surface Countour Plot [falla]=
u BUIIt-In englneerlng and Fllegidn View Inset Tools Debug Desitop Window Help A X
Nede DAL EL- G 0B om Am3 e 0

mathematical functions

— Interpolation, filtering, o B 5 @
smoothing, Fourier analysis |
= Extensive plotting capabilities S b || e |
— 2-D, 3-D, and volume visualization o

Property Editor - Text

— Tools for creating custom plots e S e )

Line Width: 0.5 - Alignment: [Z[= =]
Edge Color: |~ Font:  Helvetica v 120
Background: ‘g‘- A' | bold v normal «
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Expanding the Capabilities of MATLAB

Explore & Discover

= MathWorks add-on tools for:
— Math, statistics, and optimization
— Control system design and analysis
— Signal processing and communications
— Image processing and computer vision
— Parallel computing and more...

= Partner products provide: | |
— Additional interfaces B S —

— Domain-specific analysis
— Support for niche applications L

Time (seconds)

nnnnnnnnnnnnn

Response time: 612 seconds

MATLAB EXPO 2018
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Live Scripts — Interactive Documents

= Structured document

« Executable MATLAB code
= Results

« Formatted text

MATLAB EXPO 2018

bundesligaPrediction_final.mix

Season: 16772x1 cell array of character vectors

Matchday: 16772x1 double

1
17
38

24-Aug-1963 17:00:00
11-May-1991 15:30:00

17 Man 2019 1E.34.00

Matchday

Matchday

LIVE EDTOR INSERT
=] Find Files Title v = Run Section
2 | B a2 |2 :R M
= ind Advi
New Open Save () Convace | 3 Co 7o Text B IUM ction ‘:' e anes Run Step  Stop
- - - Print Find v = i= = = Break I3y Run to End
= I ~ | = L.- = | | 5
FILE | NAVIGATE | TeT CODE SECTION RUN
. . . Variables:
Predicting Final Result of a Bundesliga Match
We will attempt to predict the final result (home win, draw or away win) of a Bundesliga match based on
the half time results and the final results of every Bundesliga match since 1963/64 until 2017/2018. We
are taking into account the combination of home team and away team, as well as the half time result of Values:
the current match. Min
Median
Max
Table of Contents Date: 16772x1 datetime
Values:
Explore External Data Source Min
Import Data Pedian
Convert Data ans - "
Compute and Analyze Goal Differences —
Categorize matches accordmgrto winning team 1963/1964'
PrredTu:t result based on historical data 2 19531964
naizrull +19631964'
4 '1963/1964"
s ["1963/1964'
Explore External Data Source & '"1963/1964'
. . . . 7 ["963/1964
The match data is stored in bundesliga.csv. Let's allow the user to open a different source. + esaness
1 [filename,path,idx] = uigetfile({ *.csv; *.txt'; ' *.xls; *.xlsx'},...
2 'Select File to Open’,'bundesliga.csv'); ans =
Open the selected file depending on filter selection ooy
2017/2018'
3 if idx == 2 z 201772018
4 winopen(filename); 1201722018
5 elseif idx == 1
2017/2018'
6 edit(filename); 4 [20172018
7 elseif idx == @ 5 |2017/2018
8 errordlg(‘No file selected.") 6 [2017/2018
9 end 7201722018
s ° IN4TMHN10"

Date

24-Aug-19...
24-Aug-19...
24-Aug-19...
24-Aug-19...
24-Aug-19...
24-Aug-19..
24-Aug-19...
24-Aug-19...

Date

12-May-20...
12-May-20...
12-May-20 .
12-May-20...
12-May-20...
12-May-20...
12-May-20._.

49 Rlows 30

Home
TSV 1860
"Miinster'
'Saarbricken’

‘Karlsruhe'
‘Frankfurt
"Schalke’
"Hertha'
‘Bremen’

HomeTeam
"Hoffenheim’
"Hertha'
‘Freiburg’
"Schalke’
‘Leverkusen'
'HSV'
‘Mainz'

ETONTR -
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‘Braunsch
HSV

‘Koln'
‘Meiderich...
‘Klautern’
‘Stuttgart’
"Nirnberg'
‘Dortmund’

Away
‘Dortmund’
‘Leipzig’
‘Augsburg'
‘Frankfurt’
‘Hannover'
‘Gladbach’
‘Bremen’

WA

FinalHome.

FinalHome

a o=

W = N =
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Sharing Results from MATLAB

=  Automatically generate reports
— Save Live Script as PDF, HTML, LaTeX
— Publish MATLAB files

— Customize reports using
MATLAB Report Generator

- Package as an app or
a custom toolbox

- Deploy applications to
other environments

MATLAB EXPO 2018

Share

Plot Data and Model

The result from the Curve Fitting Toolbox has a plot method for displaying the result graphically. We can
choose to display the prediction bounds for the fit.

figure;

hh = plot{cf, 'r"', carDataDS.RatedHP, carDataDS5.MPG, 'predfunc', 0.95);
set({hh({2) , 'LineWidth', 2):

get (hh(3:4), 'LineStyle', '-', 'Color", [0 .5 0]):

70

+  data
fitted curve I
prediction bounds

B0 -

a0 -

4}

30

20F

&\ MathWorks
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Learn more (about) MATLAB

= Documentation
= Webinars
= Training

MATLAB EXPO 2018

*  Web Browser - Learn with MATLAB and Simulink Tutorials - MATLAB & Simulink
Learn with MATLAB and Simulink Tutorials - MATLAB & Simulink |+ |

@ D | S| #M | Location: https://demathworks.com/support/leam-with-matlab-tutorials.html

&MathWOI'kS’ Produkte Losungen Forschung und Lehre  Support Community Veranstaltungen

Support

Learn with MATLAB and Simulink Tutorials

Get an interactive, hands-on introduction to using MATLAB® with online,

self-paced courses.

« Programming exercises in your web browser
« Short video demonstrations

« Instant feedback

Browse all courses

Learn MATLAB Basics

MATLAB is the high-level language and interactive environment used by millions of
engineers and scientists worldwide. It lets you visualize ideas across disciplines
including signal and image processing, communications, control systems, and
computational finance.

Read Documentation Basics

Desktop Basics: Enter commands and view results

Matrices and Arrays: Create variables that contain multiple values
Array Indexing: Access data in an array.

» See more documentation topics

LY,V T W ] [ PO (S ST Y D P

MATLAB Onramp Deep Learning Onramp
FREE - Quickly learn the essentials of FREE - Get started with practical deep
MATLAB. learning methods.

Launch Launch

Learn Simulink Basics
Simulink” is a block diagram environment for multi-domain simulation and Model-
Based Design. It supports simulation, automatic code generation, and continuous test

and verification of embedded systems. Simulate dynamic systems leveraging
graphical editors, customizable block libraries, and solvers for modeling

Read Documentation Basics

Create a Simple Model: Build and simulate a model
Refine an Existing Model: Modify blocks, parameters, and connections.
Model and Simulate a Dynamic System: Evaluate dynamic system behavior.

» See more documentation topics

Y ST O O TR [T SO Iom Y A A1 AN
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Predicting Final Result of a Bundesliga Match

We will attempt to predict the final result (home win, draw or away win) of a Bundesliga match based on
the half time results and the final results of every Bundesliga match since 1963/64 until 2017/2018. We
are taking into account the combination of home team and away team, as well as the half time result of the
current match.

Table of Contents

o (o (I N a =T = U = = N o 10 [ o -

T g oo A I - - U PP
(@0 01V 7= T D = 1 = T

Compute and Analyze GOal DIffErENCES. .......cuuuuiii i e e e e e e r e e e e e e e e earra e eeas

Categorize matches according to WINNING TEAM........ccuuiuiiiii i e e e e e e e e e e et e e e e e e e eeeeaaa s s eeeeeeeennes
"Predict” result based 0N hiStONCAl AtaA..........ccoiiiiiiiiiiiiii e e e e e e e e e e e e e e eeennes

NAIF2TUIL ...

Explore External Data Source

The match data is stored in bundesliga.csv. Let's allow the user to open a different source.

[filename,path,idx] = uigetfile({'*.csv; *.txt'; '*.xls; *.xlsx'},...
'Select File to Open', 'bundesliga.csv');

Open the selected file depending on filter selection.

if idx ==
winopen(filename);
elseif idx ==
edit(filename);
elseif idx ==
errordlg('No file selected.')
end

Import Data

Import tabular data to a MATLAB table. Every table consist of column variables with variable names. The
variables can have different data types, but have to have the same number of elements. We will use the dot
notation x.varname to access the data stored within the table.

liga = readtable(filename);
summary(liga)



Variables:
Season: 16772x1 cell array of character vectors

Matchday: 16772x1 double

Values:
Min 1
Median 17
Max 38

Date: 16772x1 datetime

Values:
Min 24-Aug-1963 17:00:00
Median 11-May-1991 15:30:00
Max 12-May-2018 15:30:00

HomeTeam: 16772x1 cell array of character vectors
AwayTeam: 16772x1 cell array of character vectors

FinalHomeGoals: 16772x1 double

Values:
Min 0
Median 2
Max 12

FinalAwayGoals: 16772x1 double

Values:
Min 0
Median 1
Max 9

HalfTimeHomeGoals: 16772x1 double

Values:
Min 0
Median 1
Max 6

HalfTimeAwayGoals: 16772x1 double

Values:
Min 0
Median 0
Max 6
head(liga)

ans =



Season Matchday Date HomeTeam AwayTeam FinalHomeGoals
1 '1963/1964' 1 24-Aug-1963...|'TSV 1860’ '‘Braunschweig' 1
2 '1963/1964' 1 24-Aug-1963... 'Munster' 'HSV' 1
3 '1963/1964' 1 24-Aug-1963... |'Saarbriicken’ 'KadIn' 0
4 '1963/1964" 1 24-Aug-1963... |'Karlsruhe' '‘Meideriche... 1
5) '1963/1964" 1 24-Aug-1963...|'Frankfurt' 'K'lautern’ 1
6 '1963/1964' 1 24-Aug-1963...|'Schalke' 'Stuttgart’ 2
7 '1963/1964' 1 24-Aug-1963... |'Hertha' '‘Nurnberg' 1
8 '1963/1964' 1 24-Aug-1963... |'Bremen’ 'Dortmund' 3

tail(liga)
ans =

Season Matchday Date HomeTeam AwayTeam FinalHomeGoals
1 '2017/2018' 34| 12-May-2018...|'Hoffenheim'’ '‘Dortmund'’ 3
2 '2017/2018' 34| 12-May-2018...|'Hertha' 'Leipzig' 2
3 '2017/2018' 34| 12-May-2018...|'Freiburg’ '‘Augsburg’ 2
4 '2017/2018' 34| 12-May-2018...|'Schalke’ 'Frankfurt' 1
) '2017/2018' 34| 12-May-2018...|'Leverkusen’ 'Hannover' 3
6 '2017/2018' 34| 12-May-2018...|'HSV' 'Gladbach'’ 2
7 '2017/2018' 34| 12-May-2018...|'Mainz' '‘Bremen’ 1
8 '2017/2018' 34| 12-May-2018...|'Wolfsburg' 'KalIn' 4

The readtable function recognises time representation automatically. Try also

liga.Date(end) - liga.Date(1)

Convert Data

For efficiency and ease of use, it makes sense to treat textual information as categories. Try also:

hometeam = liga.HomeTeam;

nnz(hometeam == 'Schalke")
hometeam_cat = categorical(hometeam);
nnz(hometeam_cat == 'Schalke")

whos hometeam*

liga.Season = categorical(liga.Season);




liga.HomeTeam
liga.AwayTeam

categorical(liga.HomeTeam);
categorical(liga.AwayTeam);

Meidericher SV got renamed to MSV Duisburg (Duisburg) on 07-Jan-1967 (Wikipedia | MSV Duisburg).

liga.HomeTeam
liga.AwayTeam

Explore team names.

mergecats(liga.HomeTeam,{ 'Meidericher SV', 'Duisburg'}, 'MSV Duisburg');
mergecats(liga.AwayTeam, { 'Meidericher SV', 'Duisburg'}, "MSV Duisburg"');

team = categories(liga.HomeTeam)

team =

{

AN ASAASAASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASASAS A

Aachen'

'Augsburg’
'Bayern'
'Bielefeld’
'Blau-WeilRR 90
'Bochum'
'Braunschweig’
'Bremen’
'Cottbus’
'Darmstadt’
'Dortmund’
'‘Dresden’
'MSV Duisburg'’
'Disseldorf'
'F. Koéln'
'Frankfurt'
'Freiburg’
'Furth'
'Gladbach’
'HSV'
'Haching'
'Hannover'
'Hertha'
'Hoffenheim'
'"Homburg'
'Ingolstadt’
'K'lautern’
'Karlsruhe'
'Koln'
'Leipzig’
'Leverkusen'
'Mainz'
'Minster'
'Neunkirchen'
'Nirnberg'
'Oberhausen’
'Offenbach’
'Paderborn’
'RW Essen’
'Rostock"
'Saarbricken'
'Schalke*

'St. Pauli'’
'Stuttg. Kick.'
'Stuttgart’
'TSV 1860
'Tasmania'
'TeBe Berlin'

Ber.'
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https://de.wikipedia.org/wiki/MSV_Duisburg#Bundesliga_%E2%80%93_die_1960er_Jahre

{'Uerdingen'’
{'Ulm'

{'Waldhof"’
{'Wattenscheid"’
{'Wolfsburg'
{'Wuppertaler SV'

[ N S e S

isequal(team,categories(liga.AwayTeam))

ans =
1

figure(l)
wordcloud(liga{:,{ 'HomeTeam', 'AwayTeam'}});

Hoffenheim Waldhof

Wattenscheid Leve rku Se n
Uerdingen - Schalke
Woltsburs 1) o rtmuind Bisseldorf

Offenbach

vainz Bielefeld BayernK'lautern

FFFFF

Freiburg KOIN 1y S\ /Frankfurt

aaaaaaaa Cottbu inzi
L= e Karlsruhe
Hertha Brefmien Bochum™™

> P Darmstadt

Numberg Stittgart ey 1860

R Wuppertaler SV

ostockGIadbaChMSV Duisburg

> e Braunschwei
Saarbriicken H a n n Ove r g

RW Essen

Compute and Analyze Goal Differences

Computing with vectors of numbers is straightforward.

liga.HalfGoalDiff = liga.HalfTimeHomeGoals - liga.HalfTimeAwayGoals;
liga.FinalGoalDiff = liga.FinalHomeGoals - liga.FinalAwayGoals;

Explore data visually in different ways.

figure(2)
subplot(1,2,1)



histogram2(liga.FinalHomeGoals,liga.FinalAwayGoals)
title("Count of final results")

xlabel("Home Goals")

ylabel("Away Goals")

Count of final results

1500

1000

500

Away Goals 0 Home Goals

subplot(1,2,2)
heatmap(liga, 'FinalHomeGoals', 'FinalAwayGoals',...
'Title', 'Heatmap of final results');



Count of final results Heatmap of final results
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figure(3)

heatmap(liga, 'HomeTeam', 'AwayTeam', ...
'ColorVariable', 'FinalGoalDiff',...
'ColorMethod’, "sum', ...
'Title', 'Cumulative sum of goal difference');
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Cumulative sum of goal difference
BIauI-BVrVe| #: 100
MSW s 80
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HomeTeam
figure(4)

heatmap(liga, 'HalfGoalDiff"', 'FinalGoalDiff',...
'Colormap',parula,...
'Title', 'Goal difference: half time vs. full time');



Goal difference: half time vs. full time

Y 0 o 1 o 0 o 12500
X% o0 o 2 0 0 o0 0
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HalfGoalDiff

Categorize matches according to winning team

Discretize data to categories 'away', 'draw’, and 'home"', representing the winning team at half and full
time.

resultkEdges = [-inf @ 1 inf];

liga.FinalWinner = discretize(liga.FinalGoalDiff,resultEdges,...
'categorical',{'away', 'draw’, "home'});

liga.HalfTimeWinner = discretize(sign(liga.HalfGoalDiff),resultEdges,...
'categorical',{'away', 'draw’, "home'});

"Predict" result based on historical data

Based on historical data, we will predict the full time result depending on the half time result. We will allow to
pick a home team and an away team, as well as the result after the first half. The function half2full will return
a vector of ratios (in %) for away team win, draw, and home team win. On demand, it will also create some
visualisation for the selection made.

homeTeam = 'Schalke’;
awayTeam = ‘Dortmund’;
halfTimeWinning = 'draw’;

ratioSelectedTeams = half2full(liga,homeTeam, awayTeam,halfTimeWinning,true)
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ratioSelectedTeams =

18.1818 40.9091  40.9091

Does this function work for each team vs. each other team? Yes, it does! We now can compare the ratios
obtained for the selected teams with the ratios for all the matches with the selected half time result.

ratioAllTeams = half2full(liga,team,team,halfTimeWinning,false)

ratioAllTeams =
20.8460 38.2656 40.8884

wins = categorical({'away win', 'draw', "home win'}, 'Ordinal’,true)

wins =

away win draw home win
figure
bar(wins, [ratioAllTeams;ratioSelectedTeams]");
legend(["All teams",[homeTeam ' vs. ' awayTeam]],...

"Location', 'southoutside’', 'Orientation’', "horizontal')
title(join(["Match result for selected half time result:",halfTimeWinning]))
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half2full

The function half2full computes and visualizes the result at the final whistle for selected teams and a selected
half time result.

Inputs:

tableresults: table; has to contain at least variables

* Date (datetime)

HomeTeam (categorical)

* AwayTeam (categorical)
HalfTimeWinner (categorical)
FinalWinner (categorical)

homeTeam: categorical; selected team should be element in tableresults.HomeTeam
awayTeam: categorical; selected team should be element in tableresults.AwayTeam
htWin: categorical; half time result should be element in tableresults.HalfTimeWinner
doplot: logical; set to true to visualize results

Output:

ratioResult: 1x3 double; contains the percentage for an away win, draw, and home win (in the specified
order)
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function ratioResult = half2full(tableresults,homeTeam,awayTeam,htWin,doplot)

% categories for comparison and visualisation
cats = categorical({'away', 'draw’, "home'}, 'Ordinal’,true);

% Find all matches homeTeam vs. awayTeam

teamHome = ismember(tableresults.HomeTeam,homeTeam);
teamAway = ismember(tableresults.AwayTeam,awayTeam);
teamMatch = and(teamHome, teamAway);

% Find matches with the selected half time result, and the combinations with the possible
% final results

teamHomeHalfResult = teamMatch & tableresults.HalfTimeWinner == htWin;
teamHomeFinalResult = teamHomeHalfResult & tableresults.FinalWinner == cats;

% Compute the ratios for the possible results
ratioResult = sum(teamHomeFinalResult)./sum(teamHomeHalfResult) * 100;

% Visualize if asked for
if doplot
figure

% Historical overview of final results

subplot(2,2,1)

% every match between selected teams
plot(tableresults.Date(teamMatch),zeros(nnz(teamMatch),1), 'k.")

% add circles for every match with selected result, and color it accordingly

hold on
colors = {[0.75 @ 0],[0.75 ©.75 ©0.75],[0 0.75 0]};
for k = 1:3

scatter(tableresults.Date(teamHomeFinalResult(:,k)),...

zeros(nnz(teamHomeFinalResult(:,k)),1),...
'filled', '"MarkerFaceColor',colors{k})

end

hold off

xlim([min(tableresults.Date) max(tableresults.Date)])

ylim([-90.5 1])

legend(["Match",strcat("Full time ",string(cats))])

title(sprintf("%s vs. %s: half time %s",homeTeam,awayTeam,string(htWin)))

ax = gca;

ax.XGrid = 'on';

ax.YAxis.Visible = 'off';

% Heatmap of goal differences at half time and full time of all matches between the

% selected teams.

subplot(2,2,3)

heatmap(tableresults(teamMatch,:), '"HalfGoalDiff"', 'FinalGoalDiff"',...
'Colormap’,parula, 'Title', 'All matches');

% Visualize ratios with colored bars
subplot(1,2,2)
for k = 1:3

hold on
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bar(cats(k),ratioResult(k), 'FaceColor',colors{k})
hold off
end
title(join(["Half time",string(htWin)]))
xlabel("Full time result")
ylabel("%")
end
end

13



	FitEXPO
	bundesligaPrediction_final

