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Overview of Contents
(1) Programming language Python

(a) Introduction and first steps
(b) Basics
(c) Advanced

(2) Markup languages
(a) LATEX
(b) Markdown

(3) Development environments
(a) Jupyter notebooks

(4) Version control
(a) Git and GitHub

(5) Scientific computing
(a) NumPy and SciPy

(6) Data processing and visualisation
(a) Pandas, matplotlib, and NLTK

(7) Machine learning (scikit-learn)
(a) Basics (datasets, analysis)
(b) Simple methods (clustering, . . . )

(8) Deep learning
(a) PyTorch

Malte Luttermann Understanding Data vs. Machine Training 2/41



Topics for Today

(1) Markup languages
■ Content, structure, and form
■ Semantic markup
■ Markdown
■ LATEX
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Content, Structure, and Form
■ Content
■ Meaning of a text
■ The words (and sentences)

■ Structure
■ Document composition
■ Paragraphs, chapters, and headings

■ Form
■ Appearance of the document
■ Presentation (colors, font, highlighting, boxes)
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Semantic Markup

■ Separation between content and form
■ Specification of the content with structure
■ E.g., Heading »My Exercise«

■ Afterwards formatting of the structure
■ E.g., Headings should be large and bold

Structure

Form

HTML, Markdown, LATEX

Word, Libre Office, Pages

PDF, Vector graphics

Pixel graphics
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Markdown� �
1 # Markdown
2

3 > From [Wikipedia ](https ://en.wikipedia.org/wiki/Markdown), the free
encyclopedia

4

5 ## Article
6

7 Markdown is a lightweight markup language for creating formatted text
using a plain -text editor.

8 John Gruber and Aaron Swartz created Markdown in 2004 as a markup
language that is appealing to human readers in its source code
form.

9

10 Paragraphs are separated by a blank line.
11

12 Two spaces at the end of a line
13 produce a line break.
14 Text can be styled _italic_, **bold**, or `monospace `.� �
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but no form



Markdown
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Markdown� �
1 # Heading
2 ## Subheading
3

4 > Quote
5

6 - **Bold**
7 - *Italic*
8 - `Code `
9

10 1. [Links](http :// www.example.com)
11 2. ![ Images ](http :// www.example.com

/image.jpg)
12

13 ----� �
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Markdown� �
1 Footnotes are also possible [^1].
2

3 | A | B | C |
4 |---|---|---|
5 | 1 | 2 | 3 |
6

7 ```python
8 print(" Hello !")
9 ```

10

11 - [x] $\frac {1}{2}^2$
12 - [ ] $\frac{x_1^2 + 5 x_2}{x_1}$
13

14 [^1]: This is extended Markdown.� �
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Markdown
■ By now a standard for simple text formatting
■ Communication (e.g., Moodle, Discord, Slack)
■ Code Editors (e.g., VS Code)
■ Version control platforms (e.g., GitHub, GitLab)
■ Collaboration platforms (e.g., HedgeDoc)

Malte Luttermann Understanding Data vs. Machine Training 11/41



Markdown Example: HedgeDoc

■ Collaborative
■ Markdown with extensions
■ Equations (LATEX)
■ Diagrams

■ Features and Demo
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LATEX

■ Pronunciation: »LAH-tek« or »LAY-tek«
■ A powerful typesetting system
■ Suitable for: Exercise sheets, reports, summaries, term papers, theses, . . .
■ Less suitable for: Notes, lecture transcripts (better: Markdown)

■ In particular, support for equations, bibliographies, tables of contents
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The First LATEX Document� �
1 \documentclass[
2 12pt, % Font size
3 a4paper , % Paper size
4 parskip=full % Paragraph style
5 ]{ scrartcl}
6

7 % File encoding
8 \usepackage[utf 8]{ inputenc}
9 % English language (e.g., for hyphenation)

10 \usepackage[english ]{babel}
11 % Font
12 \usepackage[T1]{ fontenc}
13 \usepackage{lmodern}
14

15 \begin{document}
16 My first \LaTeX {} document!
17 \end{document}� �
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The First LATEX Document� �
1 \documentclass[
2 12pt, % Font size
3 a4paper , % Paper size
4 parskip=full % Paragraph style
5 ]{ scrartcl}
6

7 % File encoding
8 \usepackage[utf 8]{ inputenc}
9 % English language (e.g., for hyphenation)

10 \usepackage[english ]{babel}
11 % Font
12 \usepackage[T1]{ fontenc}
13 \usepackage{lmodern}
14

15 \begin{document}
16 My first \LaTeX {} document!
17 \end{document}� �
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My first LATEX document!
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Another LATEX Document� �
1 \begin{document}
2 \title{LaTeX Example}
3 \author{Malte Luttermann}
4 \date{\today}
5 \maketitle
6

7 \begin{center}
8 My \textbf{first} \LaTeX {} \textsc{document }!
9 \end{center}

10

11 \tableofcontents
12

13 \section{Section}
14 Lorem ipsum dolor sit amet , consetetur sadipscing elitr , ...
15

16 \subsection{Subsection}
17 Lorem ipsum dolor sit amet , ...
18

19 \section{Another Section}
20 Lorem ipsum dolor sit amet , consetetur sadipscing elitr , ...
21

22 Lorem ipsum dolor sit amet , ...
23 \end{document}� �
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LaTeX Example
Malte Luttermann

November 3, 2025

My first LATEX document!

Contents

1 Section 1
1.1 Subsection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Another Section 1

1 Section

Lorem ipsum dolor sit amet, consetetur sadipscing elitr, ...

1.1 Subsection

Lorem ipsum dolor sit amet, ...

2 Another Section

Lorem ipsum dolor sit amet, consetetur sadipscing elitr, ...

Lorem ipsum dolor sit amet, ...

1



Compilation of LATEX Documents

■ How to compile the document?
■ pdflatex document.tex (multiple times to resolve references)
■ pdflatex document.tex

bibtex document
pdflatex document.tex
pdflatex document.tex

■ latexmk -pdf document.tex
■ If you use an IDE (e.g., VS Code + LaTeX Workshop Extension): Just press

the compile button!
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LATEX Template for the Written Term Paper� �
1 \documentclass [12pt]{ scrarticle}
2

3 \newcommand{\coursetitle }{ Understanding Data vs.\ Machine Training}
4 \newcommand{\courseyear }{ Winter Term 2025/26}
5 % TODO: Insert your name here
6 \newcommand{\authorname }{Malte Luttermann}
7 % TODO: Insert your student ID here
8 \newcommand{\studentId }{0000000}
9

10 \input{res/preamble.tex}
11

12 \begin{document}
13 ...
14 \end{document}� �
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LATEX Template for the Written Term Paper
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Term Paper
Understanding Data vs. Machine Training

Winter Term 2025/26

Institute for Humanities-Centered Artificial Intelligence (CHAI Institute)
of the University of Hamburg

Submitted by

Malte Luttermann
Student ID: 0000000

Version from November 5, 2025

1 Introduction

This LATEX template aims to assist you in writing your term paper for the course
»Understanding Data vs. Machine Training«. By using this template, you don’t
have to worry about formatting issues and can focus on the content of your term
paper. In the following, we provide a brief overview on how to use this template.

If you have any questions regarding this particular LATEX template or ques-
tions regarding the course »Understanding Data vs. Machine Training« in general,
please don’t hesitate to contact the instructors of the course.

2 Get Started with this LATEX Template

This LATEX template comes with a predefined structure and consists of multiple
files. Specifically, you don’t need to modify any of the files located in the directory
res/, as these files contain the formatting settings for this template. The content
of your term paper should be written within the environment \begin{document}
... \end{document}, located in the file main.tex. Currently, the file main.tex con-
tains this explanatory text as a placeholder and looks like this (document pream-
ble omitted for brevity):

\begin{document}
\input{res/titlepage.tex}
\clearpage
\setcounter{page}{1}

...

\bibliographystyle{res/named.bst}
\bibliography{literature.bib}
\end{document}

To get started with writing your term paper, just remove the placeholder text and
place your content in the environment \begin{document} ... \end{document}.
Please note that both the title page generated by

\begin{document}
\input{res/titlepage.tex}
\clearpage
\setcounter{page}{1}

as well as the bibliography section generated by

\bibliographystyle{res/named.bst}
\bibliography{literature.bib}
\end{document}

are required and should not be removed or changed. Before starting to write the
actual content of your term paper, please make sure to customize your personal
information by adjusting the following commands at the top of the file main.tex:

1

Left Center Right

1 2 3
4 5 6

Table 1: This is an example for a table.

% TODO: Insert your name here
\newcommand{\authorname}{Malte Luttermann}
% TODO: Insert your student ID here
\newcommand{\studentId}{0000000}

Simply replace the placeholder values with your actual name and student ID. If
you wish to load any additional packages, feel free to do so (e.g., by putting
\usepackage{<package>} commands in the preamble of the file main.tex).

The additional file literature.bib is used to store your bibliography entries
in the BibTeX format. You can add entries as needed and then cite them in
your paper using the \citep{<key>} or \citet{<key>} commands. For example,
\citet{Russell2020a} produces Russell and Norvig [2020] whereas the com-
mand \citep{Russell2020a} produces the citation [Russell and Norvig, 2020].
The bibliography section of your term paper will then automatically be generated
based on the entries you included in the file literature.bib.

Hence, in total, there are two files that are relevant for you: main.tex for your
actual content and literature.bib for citations.

3 Further Information About this LATEX Template

You can create sections, subsections, and so on via the \section{<title>},
\subsection{<title>}, \subsubsection{<title>}, and \paragraph{<title>}
commands. All illustrations (figures, drawings, tables, etc.) should be placed
into floating environments, preferably floated to the top of a page (via the optional
argument [t]). For instance, Table 1 shows an example table.

You can refer to any table, figure, or section using the \ref{<label>} command
(where <label> is the label you assigned via the \label{<label>} command).
Formulas can be typeset using $...$ for inline math such as γ = 2 · α, or via the
\begin{align} ... \end{align} environment for aligned equations, e.g.,

x =
n∏

i=1

m∑

j=1

f ji (1)

y =

√
a

b
+

√
b

a
(2)

z =
n∑

i=1

(ai + bi)
2. (3)

2



LATEX Beamer

■ Beamer is a powerful tool to create presentations with LATEX
■ The environment frame defines slides
■ Various themes are available to design the look of your presentation
■ Separation between content and form
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LATEX Beamer (Preamble)� �
1 \documentclass{beamer}
2

3 % File encoding
4 \usepackage[utf 8]{ inputenc}
5 % English language
6 \usepackage[english ]{babel}
7 % Font
8 \usepackage[T1]{ fontenc}
9 \usepackage{lmodern}

10

11 \title{LaTeX Example}
12 \author{Malte Luttermann}
13 \date{\today}
14

15 \usetheme{Luebeck}� �
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LATEX Beamer (Content)� �
17 \begin{document}
18 \frame{\titlepage}
19

20 \begin{frame}
21 \begin{center}
22 My \textbf{first} \alert{presentation} using \LaTeX!
23 \end{center}
24 \end{frame}
25

26 \begin{frame}
27 \tableofcontents
28 \end{frame}
29

30 \section{Section 1}
31 \begin{frame}{ Slide 1}
32 Lorem ipsum dolor sit amet , ... \pause
33 At vero eos et accusam et justo duo dolores et ea rebum.
34 \end{frame}� �
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Section 1
Section 2

LaTeX Example

Malte Luttermann

November 3, 2025

Malte Luttermann LaTeX Example

Section 1
Section 2

My first presentation using LATEX!

Malte Luttermann LaTeX Example

Section 1
Section 2

1 Section 1

2 Section 2

Malte Luttermann LaTeX Example

Section 1
Section 2

Slide 1

Lorem ipsum dolor sit amet, ...

At vero eos et accusam et justo
duo dolores et ea rebum.
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Section 1
Section 2

Slide 1

Lorem ipsum dolor sit amet, ... At vero eos et accusam et justo
duo dolores et ea rebum.
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LATEX Beamer (Content Continued)� �
36 \section{Section 2}
37 \begin{frame}{ Slide 2}
38 \begin{block}{Note}
39 A text ...
40 \end{block}
41

42 \begin{alertblock }{ Important}<2->
43 Another text ...
44 \end{alertblock}
45 \end{frame}
46

47 \section{Section 3}
48 \end{document}� �
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Section 1
Section 2

Slide 2

Note
A text...

Important
Another text...

Malte Luttermann LaTeX Example

Section 1
Section 2

Slide 2

Note
A text...

Important
Another text...
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LATEX Beamer Themes� �
40 % ...
41 \usetheme{CHAI}
42 % ...� �� �
45 \begin{frame}[ plain]
46 \titlepage
47 \end{frame}� �

� �
1 \ProvidesPackage{beamerthemeCHAI}
2 % ...� �

beamerthemeCHAI.sty
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Understanding Data vs.
Machine Training
Malte Luttermann – Institute for Humanities-Centered
Artificial Intelligence (CHAI)
17.10.2025
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LATEX Beamer Themes� �
40 % ...
41 \usetheme{CHAI}
42 % ...� �� �
49 \begin{frame}[t]{ Example Slide}
50 \begin{itemize}
51 \item First item
52 \item Second item
53 \begin{itemize}
54 \item First subitem
55 \end{itemize}
56 \item Last item
57 \end{itemize}
58 \end{frame}� �

� �
1 \ProvidesPackage{beamerthemeCHAI}
2 % ...� �

beamerthemeCHAI.sty
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Example Slide

■ First item
■ Second item
■ First subitem

■ Last item
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LATEX Beamer Themes� �
40 % ...
41 \usetheme{CHAI}
42 % ...� �� �
60 \begin{frame}[t]{Two Columns}
61 \begin{columns }[t]
62 \begin{column }{0.55 \textwidth}
63 \begin{enumerate}
64 \item First enum left
65 \end{enumerate}
66 \end{column}
67 \begin{column }{0.40 \textwidth}
68 \begin{itemize}
69 \item First item right
70 \end{itemize}
71 \end{column}
72 \end{columns}
73 \end{frame}� �

� �
1 \ProvidesPackage{beamerthemeCHAI}
2 % ...� �

beamerthemeCHAI.sty
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Two Columns

(1) First enum left ■ First item right
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Formulas in LATEX� �
1 \begin{document}
2 Let $x^2 + 5x - \alpha = 12$.
3

4 We assume that the Gaussian sum \footnote{see , e.g., Wikipedia}
5 $$ \sum_{i=1}^{n} i = \frac{n(n+1) }{2} $$
6 is known.
7

8 The product can also be written in a compact form:
9 \[ y_1 \cdot \ldots \cdot y_n = \prod _{i=1}^{n} y_i \]

10

11 \begin{align*}
12 3x^2 &+ 4x &= 0 \\
13 2x^2 &+ 10x &= 0 \\
14 4x^2 &+ &= 0 \\
15 \end{align *}
16 \end{document}� �
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Let x2 + 5x − α = 12.

We assume that the Gaussian sum1

n∑

i=1
i = n(n + 1)

2

is known.

The product can also be written in a compact form:

y1 · . . . · yn =
n∏

i=1
yi

3x2 + 4x = 0
2x2 + 10x = 0
4x2+ = 0

1see, e.g., Wikipedia

1



Formulas in LATEX

■ The LATEX formula syntax is used in various places (e.g., Moodle, HedgeDoc)
■ Inline math: Enclose with dollar signs $ ... $
■ Displayed math (centered): Use $$ ... $$ or \[ ... \]
■ Aligned equations: Use \begin{align*} ... \end{align*}
■ An overview of symbols, parentheses, etc. is given at

https://tug.ctan.org/info/undergradmath/undergradmath.pdf
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Formulas in LATEX
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LATEX Math for Undergrads

Rule One Any mathematics at all, even a single character,
gets a mathematical setting. Thus, for “the value of x is 7 ”
enter the value of $x$ is $7$.
Template Your document should contain at least this.

\documentclass{article}
\usepackage{mathtools ,amssymb ,amsthm} % imports amsmath

\begin{document}
--document body here --

\end{document}

Common constructs

x2 x^2
\surd 
2, n
\surd 
3 \sqrt{2}, \sqrt[n]{3}

xi,j x_{i,j} 2
3 , 2/3 \frac{2}{3}, 2/3

Calligraphic letters Use as in $\mathcal{A}$.

\scrA \scrB \scrC \scrD \scrE \scrF \scrG \scrH \scrI \scrJ \scrK \scrL \scrM \scrN \scrO \scrP \scrQ \scrR \scrS \scrT \scrU \scrV \scrW \scrX \scrY \scrZ 
Get script letters, such as P from $\mathscr{P}$, by
putting \usepackage{mathrsfs} in the preamble.
Greek

\alpha \alpha \xi , \Xi \xi, \Xi
\beta \beta o o
\gamma , \Gamma \gamma, \Gamma \pi , \Pi \pi, \Pi
\delta , \Delta \delta, \Delta \varpi \varpi
\epsilon \epsilon \rho \rho
\varepsilon \varepsilon \varrho \varrho
\zeta \zeta \sigma , \Sigma \sigma, \Sigma
\eta \eta \varsigma \varsigma
\theta \Theta \theta, \Theta \tau \tau
\vargamma \vartheta \upsilon , \Upsilon \upsilon, \Upsilon
\iota \iota \phi , \Phi \phi, \Phi
\kappa \kappa \varphi \varphi
\lambda \Lambda \lambda, \Lambda \chi \chi
\mu \mu \psi , \Psi \psi, \Psi
\nu \nu \omega , \Omega \omega, \Omega

Sets and logic

\cup \cup \BbbR \mathbb{R} \forall \forall
\cap \cap \BbbZ \mathbb{Z} \exists \exists
\subset \subset \BbbQ \mathbb{Q} \neg \neg
\subseteq \subseteq \BbbN \mathbb{N} \vee \vee
\supset \supset \BbbC \mathbb{C} \wedge \wedge
\supseteq \supseteq \varnothing \varnothing \vdash \vdash
\in \in \emptyset \emptyset | = \models
/\in \notin \aleph \aleph \setminus \setminus

Negate an operator, as in \not \subset , with \not\subset. Get the
set complement A\sansc with A^{\mathsf{c}} (or A\complement with
A^{\complement}, or A with \overline{A}).
Decorations

f \prime f’ \.a \dot{a} \~x \tilde{x}
f \prime \prime f’’ \"a \ddot{a} \=x \bar{x}
\Sigma \ast \Sigma^{*} \^x \hat{x} \vec{}x \vec{x}

If the decorated letter is i or j then some decorations need
\imath or \jmath, as in \vec{\imath}. Some authors use
boldface for vectors: \boldsymbol{x}.

Entering \overline{x+y} produces x+ y, and
\widehat{x+y} gives \widehat x+ y. Comment on an expression as
here (there is also \overbrace{..}).

x+ y\underbrace{}  \underbrace{}  
| A| 

\underbrace{x+y}_{|A|}

Dots Use low dots in a list \{ 0, 1, 2, . . .\} , entered as
\{0,1,2,\,\ldots\}. (If you use \ldots in plain text as
with London, Paris, \ldots{}\,. then note the thinspace
\, before the period.) Use centered dots in a sum or prod-
uct 1+ \cdot \cdot \cdot +100, entered as 1+\cdots+100. You can also get
vertical dots \vdots and diagonal dots \ddots.
Roman names Enter \tan(x), with a backslash, instead
of tan(x). These get the same treatment.

sin \sin sinh \sinh arcsin \arcsin
cos \cos cosh \cosh arccos \arccos
tan \tan tanh \tanh arctan \arctan
sec \sec coth \coth min \min
csc \csc det \det max \max
cot \cot dim \dim inf \inf
exp \exp ker \ker sup \sup
log \log deg \deg lim inf \liminf
ln \ln arg \arg lim sup \limsup
lg \lg gcd \gcd lim \lim

Other symbols

< < \angle \angle \cdot \cdot
\leq \leq \measuredangle \measuredangle \pm \pm
> > \ell \ell \mp \mp
\geq \geq \| \parallel \times \times
\not = \neq 45\circ 45^{\circ} \div \div
\ll \ll \sim = \cong \ast \ast
\gg \gg \ncong \ncong | \mid
\approx \approx \sim \sim \nmid \nmid
\asymp \asymp \simeq \simeq n! n!
\equiv \equiv \nsim \nsim \partial \partial
\prec \prec \oplus \oplus \nabla \nabla
\preceq \preceq \ominus \ominus \hbar \hbar
\succ \succ \odot \odot \circ \circ
\succeq \succeq \otimes \otimes  \star \star
\propto \propto \oslash \oslash

\surd 
\surd

.
= \doteq \upharpoonright \upharpoonright \checkmark \checkmark

Use a\mid b for the divides relation, a | b, and
a\nmid b for the negation, a \nmid b. Also use \mid to
get set builder notation \{ a \in S | a is odd\} , with
\{a\in S\mid\text{$a$ is odd}\}.
Arrows

\rightarrow \rightarrow, \to \mapsto \rightarrow \mapsto
\nrightarrow \nrightarrow \mapsto  - \rightarrow \longmapsto
 - \rightarrow \longrightarrow \leftarrow \leftarrow
\Rightarrow \Rightarrow \updownarrow \leftrightarrow
\nRightarrow \nRightarrow \downarrow \downarrow
=\Rightarrow \Longrightarrow \uparrow \uparrow
\rightsquigarrow \leadsto \updownarrow \updownarrow

The right arrows in the first column have matching left
arrows, such as \nleftarrow, and there are some other
matches for down arrows, etc.

Variable-sized operators The summation
\sum 3

j=0 j
2

\sum_{j=0}^3 j^2 and the integral
\int 3

x=0
x2 dx

\int_{x=0}^3 x^2\,dx expand when displayed.

3\sum 

j=0

j2
\int 3

x=0

x2 dx

These do the same.
\int 

\int
\int \int \int 

\iiint
\bigcup 

\bigcup\int \int 
\iint

\oint 
\oint

\bigcap 
\bigcap

Fences

( ) () \langle \rangle \langle\rangle | | | |
[ ] [] \lfloor \rfloor \lfloor\rfloor \| \| \| \|
\{ \} \{\} \lceil \rceil \lceil\rceil

Fix the size with \big, \Big, \bigg, or \Bigg.
\Bigl[ n\sum 

k=0

ek
2
\Bigr] 

\Big[\sum_{k=0}^n e^{k^2}\Big]

To have them grow with the enclosed formula, use \left
and \right (although sometimes \big, etc., are necessary).

\Bigl\langle 
i, 22

i
\Bigr\rangle 

\left\langle i,2^{2^i}\right\rangle

Every \left must match a \right and they must end on
the same line in the output. For a one-sided fence, put a
\left. or \right. on the other side.

df

dx

\bigm| \bigm| \bigm| \bigm| 
x0

\left.\frac{df}{dx}\right|_{x_0}

Arrays, Matrices Make an array of mathematical text as
you make a table of plain text.

0 \updownarrow 0
1 \updownarrow 1
2 \updownarrow 4
...

...

\begin{array }{rcl}
0 &\ leftrightarrow &0 \\
1 &\ leftrightarrow &1 \\
2 &\ leftrightarrow &4 \\
\vdots & &\vdots

\end{array}

Definition by cases is an array with two columns.

fn =

\Biggl\{ 
a if n = 0

r \cdot fn - 1 else

f_n=
\begin{cases}
a &\text{if $n=0$} \\
r\cdot f_{n-1} &\text{else}

\end{cases}

A matrix is an array with fences. With a pmatrix environ-
ment, you need not specify column alignments.

\biggl( 
a b
c d

\biggr) \begin{pmatrix}
a &b \\
c &d

\end{pmatrix}

For the determinant use |A| inline and vmatrix in display.
Spacing in mathematics Improve

\surd 
2x to

\surd 
2x with a

thin space, as in \sqrt{2}\,x. Slightly wider are \: and
\; (the three are in ratio 3 : 4 : 5). Get the improvement of
n/log n instead of n/ log n by using a negative thin space,
as in n/\!\log n. Bigger spaces are: \quad for \rightarrow \leftarrow , and
\qquad for \rightarrow \leftarrow , which are useful between parts of a
display. Get arbitrary space as in \hspace*{0.5cm}.

Displayed equations The equation* environment puts
an equation on a separate line.

S = k \cdot lgW
\begin{equation *}

S=k\cdot\lg W
\end{equation *}

You can break into multiple lines.

sin(x) = x - x3

3!

+
x5

5!
 - \cdot \cdot \cdot 

\begin{multline *}
\sin (x)=x-\frac{x^3}{3!} \\

+\frac{x^5}{5!} -\ cdots
\end{multline *}

Align equations using align*

\nabla \cdot \bfitD = \rho 

\nabla \cdot \bfitB = 0

\begin{align *}
\nabla\cdot\boldsymbol{D} &= \rho \\
\nabla\cdot\boldsymbol{B} &= 0

\end{align*}

(the left or right side of an alignment can be empty). For
each environment, get a numbered version by dropping the
asterisk from the name.
Calculus examples The last three here are display style.

f : \BbbR \rightarrow \BbbR f\colon\mathbb{R}\to\mathbb{R}

9.8 m/s2 9.8~\text{m}/\text{s}^2

\mathrm{l}\mathrm{i}\mathrm{m}
h\rightarrow 0

f(x+ h) - f(x)

h
\lim_{h\to 0}\frac{f(x+h)-f(x)}{h}

\int 
x2 dx = x3/3 + C \int x^2\,dx=x^3/3+C

\nabla = \bfiti 
d

dx
+ \bfitj 

d

dy
+ \bfitk 

d

dz
\nabla=\boldsymbol{i}\frac{d}{dx}+ \cdot \cdot \cdot 

Discrete mathematics examples There are four
modulo forms: m mod n is from m\bmod n, and a \equiv b
(mod m) is from a\equiv b\pmod m, and a \equiv b mod m
is from a\equiv b\mod m, and a \equiv b (m) is from
a\equiv b\pod m.

For combinations the binomial symbol
\bigl( 
n
k

\bigr) 
is from

\binom{n}{k}. This resizes to be bigger in a display (to
require the display version use \dbinom{n}{k} and require
the inline version with \tbinom{n}{k}).
For permutations use nr from n^{\underline{r}} (some

authors use P (n, r), or nPr from {}_nP_r).
Statistics examples

\sigma 2 =
\sqrt{} \sum 

(xi  - \mu )2/N \sigma^2=\sqrt{\,\sum (x_i-\mu)^2/N}

E(X) = \mu X =
\sum 

(xi  - P (xi)) E(X)=\mu_X=\sum (x_i-P(x_i))

The probability density of the normal distribution

1\surd 
2\sigma 2\pi 

e - 
(x - \mu )2

2\sigma 2

comes from this.
\frac {1}{ sqrt {2\ sigma ^2\pi}}

\,e^{-\frac{(x-\mu )^2}{2\ sigma ^2}}!.

For more See also the Comprehensive LATEX Symbols List
at mirror.ctan.org/info/symbols/comprehensive and
DeTEXify at detexify.kirelabs.org/classify.html.

Jim Hefferon, Saint Michael’s College, VT USA 2020-Dec-30

Overview from https://tug.ctan.org/info/undergradmath/undergradmath.pdf

https://tug.ctan.org/info/undergradmath/undergradmath.pdf


Further Elements in LATEX� �
1 \begin{enumerate }[i)]
2 \item Python
3 \item Java
4 \item \LaTeX
5 \begin{itemize}
6 \item Lists
7 \item in enumerations
8 \item are also possible
9 \item with \LaTeX.

10 \end{itemize}
11 \end{enumerate}
12

13 \begin{description}
14 \item[A term] that should

be highlighted.
15 \end{description}� �

� �
1 \begin{tabular }{l|rr}
2 \textbf{Package} & Version & Number \\ \hline
3 Numpy & 1 & 12 \\
4 Scipy & 1.7 & 200 \\
5 Gensim & 2.4 & 30
6 \end{tabular}
7

8 \includegraphics[width=6cm]{logo -chai.pdf}
9 % \includegraphics[width=6cm]{logo -chai.png}

10 % \includegraphics[width=6cm]{logo -chai.jpg}� �
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i) Python

ii) Java

iii) LATEX

• Lists

• in enumerations

• are also possible

• with LATEX.

A term that should be highlighted.

Package Version Number
Numpy 1 12
Scipy 1.7 200
Gensim 2.4 30
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Floating Environments in LATEX� �
1 \begin{example }[ Collinearity of Vector Representations]
2 Take a look at \ref{fig:aacp_example_vector_representation},
3 which shows the vector representations $\vec \phi_1 = (8, 2)$,
4 ...
5 \end{example}
6

7 \begin{figure}
8 \centering
9 \input{example_vector_representation.tex}

10 \caption{A visualisation of the vector representations of
exemplary factors $\phi_1, \ldots , \phi _4$. ...}

11 \label{fig:vector_representation}
12 \end{figure}� �
■ The figure environment is a floating environment
■ The figure is placed automatically by LATEX

(placement may differ from its position in the .tex file)
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Chapter 8 Lifted Model Construction without Normalisation
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ϕ⃗1
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Figure 8.1: A visualisation of the vector representations of exemplary factors ϕ1, . . . , ϕ4.
For the sake of this example, every factor has a potential table containing two potentials.
The potential tables of the factors are encoded as vectors, which are given by ϕ⃗1 = (8,
2) (i.e., ϕ1 maps its first assignment to the potential 8 and the second assignment to the
potential 2), ϕ⃗2 = (4, 1), ϕ⃗3 = (2, 2), and ϕ⃗4 = (4.4, 3.6).

Example 8.3.2 (Collinearity of Vector Representations). Take a look at Figure 8.1,
which shows the vector representations ϕ⃗1 = (8, 2), ϕ⃗2 = (4, 1), ϕ⃗3 = (2, 2), and ϕ⃗4 = (4.4,
3.6) for exemplary factors ϕ1, . . . , ϕ4. To allow for a two-dimensional visualisation, every
factor has a potential table containing two potentials (e.g., due to having a single Boolean
argument). The angle between ϕ⃗1 and ϕ⃗2 is exactly zero, indicating that ϕ1 and ϕ2 are
collinear and hence exchangeable, which can be verified as ϕ1(r) = 2 · ϕ2(r) holds for all
assignments r. At the same time, the angle between, e.g., ϕ⃗1 and ϕ⃗3 is much larger than
zero, indicating that ϕ1 and ϕ3 are not exchangeable. Moreover, the angle between ϕ⃗3 and
ϕ⃗4 is not exactly zero but close to zero, indicating that ϕ3 and ϕ4 are not exchangeable
but approximately equivalent (e.g., ε-equivalent for a sufficiently large ε).

By using vector representations and computing the cosine similarity between them, we
are able to efficiently detect exchangeable factors independent of a scaling factor. The
cosine similarity between two vector representations of factors lies within the interval
[0, 1] (because potentials are always positive numbers) and reaches its maximum value
of one if the angle between the vectors is zero. To obtain a distance measure, we define
the cosine distance as one minus the cosine similarity.

Definition 8.3.2 (Cosine Distance [Gehrke et al., 2020]). Let ϕ1(R1, . . . , Rn) and ϕ2(R′
1,

. . . , R′
n) denote two factors. The cosine distance between ϕ1 and ϕ2 is defined as

Dcos(ϕ1, ϕ2) = 1−
∑

r∈×n
i=1range(Ri)

ϕ1(r) · ϕ2(r)√∑
r∈×n

i=1range(Ri)
ϕ1(r)2 ·

√∑
r∈×n

i=1range(R
′
i)
ϕ2(r)2

. (8.3)

In case ϕ1 and ϕ2 are defined over different function domains, we defineDcos(ϕ1, ϕ2) =∞.

Example 8.3.3 (Cosine Distance). Consider again the factors ϕ1 and ϕ2 with corre-
sponding vector representations ϕ⃗1 = (8, 2) and ϕ⃗2 = (4, 1), respectively, from Figure 8.1.
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Floating Environments in LATEX� �
1 \begin{example }[ Collinearity of Vector Representations]
2 Take a look at \ref{fig:aacp_example_vector_representation},
3 which shows the vector representations $\vec \phi_1 = (8, 2)$,
4 ...
5 \end{example}
6

7 \begin{figure}
8 \centering
9 \input{example_vector_representation.tex}

10 \caption{A visualisation of the vector representations of
exemplary factors $\phi_1, \ldots , \phi _4$. ...}

11 \label{fig:vector_representation}
12 \end{figure}� �
■ \label{...} assigns a label to the figure
■ \ref{<label-name>} refers to the figure and inserts

the correct figure number
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For the sake of this example, every factor has a potential table containing two potentials.
The potential tables of the factors are encoded as vectors, which are given by ϕ⃗1 = (8,
2) (i.e., ϕ1 maps its first assignment to the potential 8 and the second assignment to the
potential 2), ϕ⃗2 = (4, 1), ϕ⃗3 = (2, 2), and ϕ⃗4 = (4.4, 3.6).

Example 8.3.2 (Collinearity of Vector Representations). Take a look at Figure 8.1,
which shows the vector representations ϕ⃗1 = (8, 2), ϕ⃗2 = (4, 1), ϕ⃗3 = (2, 2), and ϕ⃗4 = (4.4,
3.6) for exemplary factors ϕ1, . . . , ϕ4. To allow for a two-dimensional visualisation, every
factor has a potential table containing two potentials (e.g., due to having a single Boolean
argument). The angle between ϕ⃗1 and ϕ⃗2 is exactly zero, indicating that ϕ1 and ϕ2 are
collinear and hence exchangeable, which can be verified as ϕ1(r) = 2 · ϕ2(r) holds for all
assignments r. At the same time, the angle between, e.g., ϕ⃗1 and ϕ⃗3 is much larger than
zero, indicating that ϕ1 and ϕ3 are not exchangeable. Moreover, the angle between ϕ⃗3 and
ϕ⃗4 is not exactly zero but close to zero, indicating that ϕ3 and ϕ4 are not exchangeable
but approximately equivalent (e.g., ε-equivalent for a sufficiently large ε).

By using vector representations and computing the cosine similarity between them, we
are able to efficiently detect exchangeable factors independent of a scaling factor. The
cosine similarity between two vector representations of factors lies within the interval
[0, 1] (because potentials are always positive numbers) and reaches its maximum value
of one if the angle between the vectors is zero. To obtain a distance measure, we define
the cosine distance as one minus the cosine similarity.

Definition 8.3.2 (Cosine Distance [Gehrke et al., 2020]). Let ϕ1(R1, . . . , Rn) and ϕ2(R′
1,

. . . , R′
n) denote two factors. The cosine distance between ϕ1 and ϕ2 is defined as

Dcos(ϕ1, ϕ2) = 1−
∑

r∈×n
i=1range(Ri)

ϕ1(r) · ϕ2(r)√∑
r∈×n

i=1range(Ri)
ϕ1(r)2 ·

√∑
r∈×n

i=1range(R
′
i)
ϕ2(r)2

. (8.3)

In case ϕ1 and ϕ2 are defined over different function domains, we defineDcos(ϕ1, ϕ2) =∞.

Example 8.3.3 (Cosine Distance). Consider again the factors ϕ1 and ϕ2 with corre-
sponding vector representations ϕ⃗1 = (8, 2) and ϕ⃗2 = (4, 1), respectively, from Figure 8.1.
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BibTeX
■ BibTeX allows to create bibliographic references automatically in LATEX
■ Example BibTeX entry:� �

1 @article{Ahmadi 2013a,
2 author = {Babak Ahmadi and Kristian Kersting and Martin Mladenov

and Sriraam Natarajan},
3 title = {{ Exploiting Symmetries for Scaling Loopy Belief

Propagation and Relational Training}},
4 journal = {Machine Learning},
5 volume = {92},
6 year = {2013} ,
7 pages = {91--132},
8 publisher = {Springer},
9 }� �
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BibTeX
■ Usage in LATEX document:� �

1 \begin{document}
2 The CompressFactorGraph algorithm \cite{Ahmadi 2013a} solves the

problem of constructing a lifted representation entailing
equivalent semantics as a given input factor graph.

3

4 ...
5 \end{document}� �
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BibTeX
■ Resulting bibliography in the document:
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TikZ
■ »TikZ ist kein Zeichenprogramm«
■ TikZ allows to create graphics, figures, diagrams, etc. directly in LATEX
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Overleaf
■ Collaborative cloud-based LATEX editor
■ https://www.overleaf.com

■ Collaborate on LATEX documents in real-time
■ Use LATEX without an installation on your local machine
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Overleaf
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Summary
■ Markup languages
■ Content, structure, and form
■ Semantic markup
■ Markdown
■ LATEX
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