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Overview of Contents

(1) Programming language Python
Introduction and first steps
Basics
Advanced

(2) Markup languages
IATEX
Markdown

(3) Development environments
Jupyter notebooks

(4) Version control
Git and GitHub

(5) Scientific computing
NumPy and SciPy
(6) Data processing and visualisation
Pandas, matplotlib, and NLTK
(7) Machine learning (scikit-learn)

Basics (datasets, analysis)
Simple methods (clustering, .. .)

(8) Deep learning
PyTorch
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Topics for Today

(1) Markup languages
® Content, structure, and form
B Semantic markup

B Markdown
B ATEX M‘ e JATRX project

Bverleaf
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Content, Structure, and Form

® Content
Meaning of a text
The words (and sentences)

m Structure

Document composition
Paragraphs, chapters, and headings

® Form
Appearance of the document

Presentation (colors, font, highlighting, b

Malte Luttermann

~ General information
Seminar

v Seminar topics

~ o \ovamar,

v General information
Instructors: Prof. Dr. Ralf Méller; Dr. Marcel Gehrke; Malte Luttermann
Event type: Lecture + seminar (Intellectics students) or lecture only (others)
Hours per week: 2 (ecture) + 2 (seminar)
Credits: 8 (for the whole course)

* 3 (lecture)

« 5 (seminar)
© 3 (for active seminar attendance and presentation)
© 2 (for term paper at the end of the semester)

Place and time

Lecture: Friday 10:15 - 11:45, room ESA K (Albrecht-Mendelssohn-Bartholdy-Horsaal)
Seminar: Friday 12:15 - 13:45, room Phil A12006

Start of the lecture and seminar: Friday, October 17, 2025

= 3 (for active seminar attendance and presentation)
= 2 (for term paper at the end of the semester)

Place and time

Lecture: Friday 10:15 - 11:45, room ESA K (Albrecht-Mendelssohn-Bartholdy-Hérsaal)

Seminar: Friday 12:15 - 13:45, room Phil A 12006

Start of the lecture and seminar: Friday, October 17, 2025

Understanding Data vs. Machine Training
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Semantic Markup
Structure

B Separation between content and form
B Specification of the content with structure

E.g., Heading »My Exercise«
B Afterwards formatting of the structure Word, Libre Office, Pages
E.g., Headings should be large and bold ’ ’

!
T

HTML, Markdown, IATEX

!
T

PDF, Vector graphics

!
T

Pixel graphics

Form
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Markdown M3

# Markdown

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

## Article

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

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

Paragraphs are separated by a blank line.
but no form

Two spaces at the end of a line y

produce a line break.

Text can be styled _italic_, **bold**, or “monospace .

Content and structure J
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Markdown

From Wikipedia, the free encyclopedia

Article

Markdown is a lightweight markup language for creating formatted text using a plain-text
editor. John Gruber and Aaron Swartz created Markdown in 2004 as a markup language
that is appealing to human readers in its source code form.

Paragraphs are separated by a blank line. One pOSSIble form J

Two spaces at the end of a line
produce a line break. Text can be styled italic, bold, or monospace.
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Markdown M3

. Heading
# Heading
## Subheading .
Subheading
> mete Quote
- *x*xBoldx*xx* « Bold
- *Italicx  frale
« Code
- "Code"
1. Links
1. [Links](http://www.example.com)

N

![Images] (http://www.example.com
/image. jpg)
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Markdown

Footnotes are also possible[*1].
Footnotes are also possible[~1].

A B C
| Al B | C | o, s
|===(==c(===|
l 11 21 3|
print("Hello!")
" Tpython
print ("Hello!") '[ﬂ12
[N z]+5z
e [] 11712
- [x] $\frac{1}{2}-2% [*1]: This is extended Markdown.
- [ ] $\frac{x_1"2 + 5 x_2}{x_1}$%
[~1]: This is extended Markdown.
Malte Luttermann Understanding Data vs. Machine Training
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Markdown

B 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
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Markdown Example: HedgeDoc

ese @ <

m Collaborative

® Markdown with extensions
Equations (IATEX)
Diagrams

® Features and Demo

® HedgeDoc | = [m ]+ ¢ o
BlsnosmEoimiE -
¥ Features
## Introduction

*+HedgeDocs+ is a tine, multi m c rati
marl note editor.

his means that you can writ
your *sdesktops*, *stabletss

th other people on
the *xphonexs.
ou can sign-in via multiple auth pr

v iders like
**Facebooks*, **Twittersx, *+GitHubxx and man

If ye
[#4GitHubs#]

Or meet us on [**Matrixsx

de: K and dinteractive help
«sThank you very muchlss

#8 Workspace

#38 Modes

#48# Desktop & Tablet
the same time

#2388 Mobile

class=
ditor

#88 Night Mode

Malte Luttermann

M3

o 6+ ©
FEOETVIORE . . on.n: |

Features

Introduction

HedgeDoc is a eal-time, muli-platform collaborative markdown note editor.
This means that you can wiite notes with other people on your desktop, tablet or even on
the phone.

You can sign-in via multiple auth providers lie Facebook, Twitter, GitHub and many more
onthe homepage.

1f you experience any issues, feol free to report it on GitHub.
Or meetus on Matrix for dev-talk and interactive help.
Thank you very much!

Workspace

Modes

Desktop & Tablet
® View: See only the result

0 Both: Ses editor and result at the same time.
# Edit: See only the editor.

Mobile

® View: See only the result
# Edi: See only the editor.

Night Mode

When you are tired of a white screen and ke a night mode, click on the little moon & and
turn o the night view of HedgeDoc.

The editor view, which i in night mods by default, can also be toggled between night and
day view using the the litle sun >

12/41


https://demo.hedgedoc.org/features?both#MathJax

IATEX

B Pronunciation: »LAH-tek« or » LAY-tek« e IATEX s
® A powerful typesetting system

Suitable for: Exercise sheets, reports, summaries, term papers, theses, ...
Less suitable for: Notes, lecture transcripts (better: Markdown)

® |n particular, support for equations, bibliographies, tables of contents

Malte Luttermann Understanding Data vs. Machine Training 13/41



UH
idi
Lol Universitat Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

The First I5TEX Document

\documentclass [
12pt,
a4paper,
parskip=full

J{scrartcl}

Preamble
\usepackage [utf8]{inputenc}

\usepackage [english]{babel}

\usepackage [T1]{fontenc}
\usepackage{lmodern}

\begin{document}
My first \LaTeX{} document! Content
\end{document}

Malte Luttermann Understanding Data vs. Machine Training 14/41
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The First I5TEX Document

\documentclass [
12pt,
a4paper,
parskip=full

J{scrartcl}

My fist BTEX document!

\usepackage [utf8]{inputenc}
\usepackage [english]{babel}

\usepackage [T1]{fontenc}
\usepackage{lmodern}

\begin{document}
My first \LaTeX{} document!
\end{document}

Malte Luttermann Understanding Data vs. Machine Training 15/41
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Another IATEX Document

\begin{document}
\title{LaTeX Example}
\author{Malte Luttermann}
\date{\today}

\maketitle

\begin{center}

My \textbf{first} \LaTeX{} \textsc{document}!

\end{center}
\tableofcontents

\section{Section}
Lorem ipsum dolor sit amet,

\subsection{Subsection}

consetetur sadipscing elitr,

Lorem ipsum dolor sit amet,

\section{Another Section}
Lorem ipsum dolor sit amet,

Lorem ipsum dolor sit amet,
\end{document}

Malte Luttermann

consetetur sadipscing elitr,

Understanding Data vs. Machine Training

LaTeX Example

Malte Luttermann
November 3, 2025
Ay first ISTEX pocustent!

Contents

1 Section

L1 Subsection

2 Another Section

1 Section

Lotem 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 eltr

Lorem ipsum dolor st amet,

16/41
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Compilation of IATEX Documents

B 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!

Malte Luttermann Understanding Data vs. Machine Training 17/41



IXTEX Template for the Written Term Paper

\documentclass [12pt]{scrarticle}

\newcommand{\coursetitle}{Understanding Data vs.\ Machine Training}
\newcommand{\courseyear}{Winter Term 2025/26}

\newcommand{\authorname}{Malte Luttermann}
\newcommand{\studentId}{0000000}
\input{res/preamble.tex}

\begin{document}

\end{document}

Malte Luttermann Understanding Data vs. Machine Training 18/41
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IXTEX Template for the Written Term Paper

UH
i
E Gniversiat Hamburg CHA
et ovsun |k oot | 0t oo Famanies Coneed A

Term Paper
Understanding Data vs. Machine Training
Winter Term 2025/26

Institute for Humanities-Centered Artfcial Inteligence (CHAI Insiitute)
the University of Hamburg

Submitted by

Malte Luttermann
‘Student ID: 0000000

Version fom Novernbor 5, 2025

= B
o 0

1 Introduction

This T tamplte aims 0 assistyou i wriing your tem psper for the course
»Understanding Data vs. Machine Traininge. By using this templale, you don'l
ave 1o wory about formaing 18600 and 1 focus o he contet ofyour 1o

paper. In the following, we provide a brief overview on how 1o use this template.
If you have any questions regarding this particular KTEX template or ques-
e Tr I,

please don't hesitate to contact the Instructors of the course.

2 Get Started with this LTEX Template

‘This KTEX template comes with a predefined structure and consists of multiple

files. Specifcally. you don't need to modify any of the fles located in the directory

s/, 8 hese s cotan e ormatin seings r i lemplale The cortent

o youtem psger s be writsn witin the eviorenent \uegin{docuaent)
oot ocaioa e e maia. . Corrony, he e, v con

{ais s oxplanatory ext 25 a placaholdar an looks o s Gocumant proam-

ble omitted for brevity)

\begin{docusent)

\input{ros/titlepage. tox}

\clearpage

\setcounter (page}(1}

\bibliographystyLe(res/nased bst)

\bibliography{literature.bib}

\end{docunent}

To get started with writing your term paper, ust remove the placeholder text and
xce your content in the environment \bogin{docunent} .. \end{docunent’

Please note that both the it page generated by

\begin{docusent}

\input{res/titlepage  tox}

arpage
\setcounter (pageH (1}
as woll as the bibliography section generated by

\bibliographystyle{res/nased bst)
\bibliography{literature.bib}

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 fle masn. tex:

g T

Loft_Centor_Right

4 5 6
Table 1: This is an example for a table.

% 1000 ¥ e here

\newcommand{\authornane} (alte Lutternann}

) TODO: Tnsert your studont ID horo

\neucommand{\student14H0000000}

Simply replace the placehoder values i your acualrame and student D, f

u wish 1o load any additional packages, feel free o do 50 (e.0., by putting
usepaceage(<pactags) commands nhepreantl orthe e sain er)
he addilional fle 1:teraturs. bib is us e your biblography eniries

in he BOToX fomet.veu can 240 arros 25 needos and o et them

your paper using the \citep{<key>) or \citat {<key>} commands. For example,

A\ctter{Rusas120200 produces Russal and Norip [2020) whersas the com-

d \citop{Russe112020a} produces the citation [Russell and Norvig, 2020,

Tho tibtogrephy secton of your term papor il then automalial bo ganorated

you included inthe file b.

ence in el ner a1 o 108t 310 relovant o you: saia. x o your

actual content and 1terature. bib for ciations.

3 Further Information About this XTEX Template

You can reslo sectons aubsectons, & 30 on i the \ectiontessctaot

commends. A8 taions (Rures, rawings, ales, oc) shou be plcad
the optional

argmen <], Fa btarce ke 1 shows an eare e
You can referfo

{uhere cabets i he abel you assigned via e \;muqmm command).

Formulas can be typeset using § .. for nlino math such as - 2o, or via the

ety s otonment o g oo, 5.

)
@

= Zw, RUR @




IATEX Beamer

® Beamer is a powerful tool to create presentations with IATEX

B The environment frame defines slides

B Various themes are available to design the look of your presentation
B Separation between content and form

Malte Luttermann Understanding Data vs. Machine Training 20/41
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IXTEX Beamer (Preamble)

\documentclass{beamer}

\usepackage [utf8]{inputenc}
\usepackage [english]{babel}

\usepackage [T1]{fontenc}
\usepackage{lmodern}

\title{LaTeX Examplel}
\author{Malte Luttermann}
\date{\today}

\usetheme{Luebeck}

Malte Luttermann Understanding Data vs. Machine Training 21/41
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IATEX Beamer (Content)

\begin{document}
\frame{\titlepage}

\begin{framel}
\begin{center}
My \textbf{first} \alert{presentation} using \LaTeX!
\end{center}
\end{frame}

\begin{framel}
\tableofcontents
\end{frame}

\section{Section 1}
\begin{frame}{Slide 1}
Lorem ipsum dolor sit amet, ... \pause

Lorem ipsum dolor sit amet, .. At vero eos et accusam et justo
duo dolores et ea rebum

At vero eos et accusam et justo duo dolores et ea rebum.

\end{frame}

Malte Luttermann Understanding Data vs. Machine Training
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IATEX Beamer (Content Continued)

\section{Section 2}
\begin{frame}{Slide 2}

\begin{block}{Notel}
A text... Ated.
\end{block}

Important
Another text...

\begin{alertblock}{Important}<2->
Another text...
\end{alertblock}
\end{frame}

\section{Section 3}
\end{document}

Malte Luttermann Understanding Data vs. Machine Training 23/41
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IXTEX Beamer Themes
\usetheme{CHAI}

\begin{frame}[plain]
\titlepage
\end{frame}

Malte Luttermann

Understanding Data vs.

\ProvidesPackage{beamerthemeCHAI}

beamerthemeCHAI.sty

CH

Understanding Data vs.
Machine Training

Malte Luttermann — Institute for Humanities-Centered
Artificial Intelligence (CHAI)
17.10.2025

Version from Novermber 3, 2025

Machine Training 24/41
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IXTEX Beamer Themes

\usetheme{CHAI}

\begin{frame}[t]{Example Slide}
\begin{itemize}
\item First item
\item Second item
\begin{itemize}
\item First subitem
\end{itemize}
\item Last item
\end{itemizel}
\end{frame}

Malte Luttermann

\ProvidesPackage{beamerthemeCHAI}

beamerthemeCHAI.sty

Example Slide

® First item

= Second item
First subitem

® Lastitem

Mate Lutermann

Understanding Data vs. Machine Training
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IXTEX Beamer Themes

\ProvidesPackage{beamerthemeCHAI}
\usetheme {CHAI}

beamerthemeCHAI.sty

\begin{frame}[t]{Two Columns}
\begin{columns}[t]
\begin{column}{0.55\textwidth}
\begin{enumerate} Two Columns
\item First enum left
\end{enumerate}
\end{column}
\begin{column}{0.40\textwidth}
\begin{itemize}
\item First item right
\end{itemize}
\end{column} [IR— Unrsansag D . Mo T w
\end{columns}
\end{frame}

(1) First enum left ® First item right

Malte Luttermann Understanding Data vs. Machine Training 26/41
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Formulas in IATEX

\begin{document}

i that the Ganssian sum’

St
Let $x~2 + 5x - \alpha = 12§. - S
We assume that the Gaussian sum\footnote{see, e.g., Wiki =TT
$$ \sum_{i=1}"{n} i = \frac{n(n+1)}{2} $$
is known. e o

1t =0

The product can also be written in a compact form:
\[ y_1 \cdot \ldots \cdot y_n = \prod_{i=1}"{n} y_i \]

\begin{alignx*}
3x72 &+ 4x &= 0 \\
2x72 &+ 10x &= 0 \\
4x°2 &+ &= 0 \\
\end{alignx*}
\end{document}

oo g, Wikipedin

Malte Luttermann Understanding Data vs. Machine Training
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Formulas in IATEX

The IATEX 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

Malte Luttermann Understanding Data vs. Machine Training 28/41
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Formulas in IAT]

BIEX Math for Undergrads
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Further Elements in IATEX

\begin{enumerate}[i)] \begin{tabular}{llrr}
\item Python \textbf{Package} & Version & Number \\ \hline
\item Java Numpy & 1 & 12 \\
\item \LaTeX Scipy & 1.7 & 200 \\
\begin{itemize} Gensim & 2.4 & 30
\item Lists \end{tabular}
\item in enumerations
\item are also possible \includegraphics [width=6cm]{logo-chai.pdf}

\item with \LaTeX.
\end{itemizel}
\end{enumeratel}

\begin{description}
\item[A term] that should
be highlighted.
\end{description}
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Further Elements in IATEX

\begin{enumerate}[i)]
\item Python
\item Java
\item \LaTeX
\begin{itemize}
\item Lists
\item in enumerations
\item are also possible
\item with \LaTeX.
\end{itemize}
\end{enumerate}

\begin{description}
\item[A term] that should be highlighted.

\end{description}
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Further Elements in IATEX

\begin{tabular}{l|rr}
\textbf{Package} & Version & Number \\ \hline

Numpy & 1 & 12 \\

Scipy & 1.7 & 200 \\

Gensim & 2.4 & 30
\end{tabular}

\includegraphics [width=6cm]{logo-chai.pdf}
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Floating Environments in IATEX

\begin{example}[Collinearity of Vector Representations]
Take a look at \ref{fig:aacp_example_vector_representation},
which shows the vector representations $\vec \phi_1 = (8, 2)$,

\end{example}

\begin{figure}
\centering
\input{example_vector_representation.tex}
\caption{A visualisation of the vector representations of

exemplary factors $\phi_1, \ldots, \phi_4$. ...}
\label{fig:vector _representation}
\end{figure}

B The figure environment is a floating environment
B The figure is placed automatically by IKTEX
(placement may differ from its position in the .tex file)

Malte Luttermann Understanding Data vs. Machine Training
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Floating Environments in IATEX

\begin{example}[Collinearity of Vector Representations]
Take a look at \ref{fig:aacp_example_vector_representation},
which shows the vector representations $\vec \phi_1 = (8, 2)$,

\end{example}

\begin{figure}
\centering
\input{example_vector_representation.tex}
\caption{A visualisation of the vector representations of
exemplary factors $\phi_1, \ldots, \phi_4$. ...}
\label{fig:vector _representation}
\end{figure}

B \label{...} assigns a label to the figure
B \ref{<label-name>} refers to the figure and inserts
the correct figure number

Understanding Data vs. Machine Training

Chiapter § Lifted Model Construction withont Normalisation

coded a5 vect

o the poteatial § aud the second assigument to the
36).

and Gy = (4.

Example 8.8.2 (Collicarity of Vector Repr
which shows the vector representati s,

look at Figure 8.1
(2,2), and 6y = (1.

3.6 for exeruplar

To abtain a distance measure, we define
the cosine distance o i the ity

Definition 8.3.2 (Cosine Dis

2020]). Let 61 (R, Ru) and (RS,
i

) denote two factors. 2 is defined as
Dealinsa) = ©3)
I case i and g are defined over diffeent function domin, we defe Dece(61,2) = 50
Example 8.3.3 (Cosine Dis again che and 3 with corre-
Sponding vector represent: — @, el from Figure 8.1
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BibTeX

m BibTeX allows to create bibliographic references automatically in IATEX

® Example BibTeX entry:

@article{Ahmadi2013a,

author

{Babak Ahmadi and Kristian Kersting and Martin Mladenov

and Sriraam Natarajan},

title

{{Exploiting Symmetries for Scaling Loopy Belief

Propagation and Relational Trainingll},
{Machine Learning},

journal
volume
year
pages
publisher

Malte Luttermann

{92},
{2013},
{91--132},
{Springer},

Understanding Data vs. Machine Training
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BibTeX
® Usage in IATEX document:
\begin{document}
The CompressFactorGraph algorithm \cite{Ahmadi2013a} solves the

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

\end{document}
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BibTeX

® Resulting bibliography in the document:

Bibliography

Babak Abuuiadi, Kristian Kersting, Martin Miadenov, and Stiaan Exploiting
‘Symmetries for Sealing Loopy Beliel Propagation and Relational Trainin. Machine
Lexrning, 92:91-132, 2013,

Rgib Aan, David Asbour, and Elena Zhelova. Relational Consal Models with Cy-
cles: Representation and Reasoniag. In Proceedings of the First Conference on Causal
Learning and Reasoning (CLeaR-2022). pages 1-18. PMLR, 2022,

R Alsan, David Arbour, and Elena Zieleva, Learning Relational Causal Models
ith ks trough Relton Acyelfcaton, tn Frovecivgs o s T
AAAT Conference on Artificial Intelligence (AAAL-2023), pages 12164-12171
Pross, 2

Seaenth
AAT

Steen A. Andersson, David Madigan, and Michacl D. Perlman. A Characterization of
Markov Equivaleice Classes for Acyclic Digtaphs. The Annals of Stafistics, 25:505
511, 1007,

il Al Ronen . B, Lied MEU b Wi Mol Couning. I P
coedings of the Tuwenty-Sioth AAAT Confercnce on Artificil Intelligence (AAA-2012),
LT85T, AAAL Pres, 2012

poses 186

David Athonr, Dan Garan, and David Jensen. Inferring Network Effcts from Ob-
servational Data. In Procecdings of the Twenty-Sccond ACM SIGKDD International
Conference on Knouledge Discovery and Data Mining (KDD-2016), pages 71524,
ACM Press, 2016,

Sheldon Axler. Linzar Algebra Do Right. Springer, 3rd edition, 2015,

Tanya Broun and Marcel Gebrke. Explainable aud Explorable Decision Support. In
Procecdings of the Tuenty-Seventh International Conference on Conceptul Structures
(1CCS-2022), poges 99114, Springer, 2022

Thaya Bam o Rl Mol L Junton T Mo, 1o Procstogs of
Thirty-Ninth German Conference on Artifcial Inteligence. (KI-2016). pages 30
Springer, 2016,
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TikZ
B »TikZ ist kein Zeichenprogramm«
m TikZ allows to create graphics, figures, diagrams, etc. directly in IATEX

AN

Y [ 20
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Overleaf Bverleaf

m Collaborative cloud-based IATEX editor
https://www.overleaf.com

m Collaborate on IATEX documents in real-time
m Use IATEX without an installation on your local machine
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overleat.com ] b+ 0B
Overleaf s e e Gl B | Gseion | 25t | @bk || bimory ||t | i I f
R - - o Wa Reomie v B s SOl ¥m = e veriea
<> GEED o8 “
S \sectiontBackaraundy abet e cocpvockorons 7 P e St e | 508 )
H Ve firet define \acpifg) as propositional odels and §EETEEEIIEY  o  HEPes
pashghhwie ity GEE o 1
e S 5 v R
An \acifg} s a probabilistic graphical rodel t I RS
e e bt ey o | p P b
of Nacpiry) by factorising the 5 Emh e o e
distribution-\citep{Frey1997a,Kschischang2001a} = ey ounde, he v bownd s oyl
\begin{definition}[Factor Graph) i e et £ AP el o
An \emph{\ac{fgh} $H = (\boldsymbol v, \boldsymbol -
E)$ is an undirected bipartite graph consisting of a w2 Background
node set $\boldsymbol V = \boldsymbol R \cup = ::i:‘.:,‘:::‘f...“"‘,g.;*:‘::mz"w""”ﬂ“ m”z‘_‘”"‘;"‘.‘?"“"';‘::;:‘; Pty -
D EmETEmELmIET Ete

\ooldsynbol \Phi$, where $\boldsynbol R1
\ldots, RS is a set of variable nodes Cocplry))

and $\boldsymbol \Phi = \{\phi_1, \ldots, \phi_m\}$ Detinition 1 (Factr Graghh An FG A~ (V..E) is an.
is a set of factor nodes (functions), as well as a b & )MMV.,,
Set of edges S\boldsynbol € \subseteq \boldsymbol R [ S (v ey
\tines \boldsymbol \Phis e e e
There is an edge between a variable node SR_i$ and a SRS b ST S L o i v . o

Rt s e s e s R ke it g

factor node $\phi_j$ in S\boldsymbol ES if SR_if
s

appears in the argunent list of $\ohi_. b
X t S T e g o b g g
 File outline A factor $\phi_j(\nathcal R} defines a function p s, Coutre P dictn i ndoe
iroducion $\phi_j \colon \tines_{R \in \nathcal R_i} \range(R} w0l o BT e
T \napsto \nathbb{R}4+3 that maps the ranges of its S
- rguments S\nathcal R_jS (a sequence of \acp{ry} from e e ]
" S\boldsynbol RS) to a positive real nunber, calle FYRTIP
Finding and Grauping e £q potential nr=floe-bo. @ T T e
The term S\vquL(R)S denotes the possible values a S os— R

\ac{rv) SRS can

S G Sty s L e
P th. ot potential for an assignn EELCI e e
oldsynbol r$ (where oldsymbol r$ is a shorthanc B i B, Rev). & = {8 4E = Plleo = bish)

S ymbol ¢ (share S\boldsymbol r$ Horrs i) (hn ) s 5o 5 e

notation for $\boldsynbol & = \boldsynbol r$) as e o s S ol > i

\begin{align}
\psiCiboldsybo ) =
\phi_j(\boldsyabol. r_3),
\label{eq:eacp_joint_potential}

\end{align}

where $\boldsynbol r_j$ is a projection of

S\boldsyrbol 1S to the argunent Lisk of S\phi_js.

The full joint probability distribution encoded b

SHS i then given by the normalised joint potential

\begin{alion} = i
P_MC\boldsymbol ) = \frac{1}z} \prod_{j=1}m S B ]
\phi_j(\boldsymbol r_3) = \frac{1}{z} 18 v o o s 5 A w 40/41
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Summary

B Markup languages

®m Content, structure, and form
B Semantic markup
|
[ |

Markdown
ATEX MJ me JATRX ot

Bverleaf
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