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• Es gibt ganz verschiedene Arten von Daten.
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Unstrukturierte Daten

• Unstrukturierte Daten wie z. B. Bücher, Bachelor- und Masterarbeiten, Berichte,
Bugetpläne und Forschungsanträge werden oft als einzelne Dokumente gespeichert.

• Oft gibt es Vorlagen für die Struktur solcher Dokumente, aber darüber hinaus können
diese sehr unterschiedlich sein.

• Sie können in Katalogen organisiert werden, in dem man Metainformationen wie Autoren,
Jahrgang und Stichworte getrennt abspeichert.

• Viel mehr kann man aber nicht tun.
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Listing 4.3: A Python program showing several steps of the approximation of π using the method of
LIU Hui. (stored in file pi_liu_hui.py ; output in Listing 4.4)

1 from math import pi, sqrt
2
3 print(f"We use Liu Hui’s Method to Approximate \u03c0\u2248{pi}.")
4 e = 6 # the number of edges: We start with a hexagon , i.e., e=6.
5 s = 1.0 # the side length: Initially 1, meaning the radius is also 1.
6 print(f"{e} edges , side length={s} give us \u03c0\u2248{e * s / 2}.")
7
8 e *= 2 # We double the number of edges ...
9 s = sqrt(2 - sqrt(4 - (s ** 2))) # ... and recompute the side length.

10 print(f"{e} edges , side length={s} give us \u03c0\u2248{e * s / 2}.")
11
12 e *= 2 # We double the number of edges.
13 s = sqrt(2 - sqrt(4 - (s ** 2))) # ... and recompute the side length.
14 print(f"{e} edges , side length={s} give us \u03c0\u2248{e * s / 2}.")
15
16 e *= 2 # We double the number of edges.
17 s = sqrt(2 - sqrt(4 - (s ** 2))) # ... and recompute the side length.
18 print(f"{e} edges , side length={s} give us \u03c0\u2248{e * s / 2}.")
19
20 e *= 2 # We double the number of edges.
21 s = sqrt(2 - sqrt(4 - (s ** 2))) # ... and recompute the side length.
22 print(f"{e} edges , side length={s} give us \u03c0\u2248{e * s / 2}.")
23
24 e *= 2 # We double the number of edges.
25 s = sqrt(2 - sqrt(4 - (s ** 2)))
26 print(f"{e} edges , side length={s} give us \u03c0\u2248{e * s / 2}.")

↓ python3 pi_liu_hui.py ↓

Listing 4.4: The stdout of the program pi_liu_hui.py given in Listing 4.3.
1 We use Liu Hui ’s Method to Approximate π≈3.141592653589793.
2 6 edges , side length =1.0 give us π≈3.0.
3 12 edges , side length =0.5176380902050416 give us π≈3.1058285412302498.
4 24 edges , side length =0.2610523844401031 give us π≈3.132628613281237.
5 48 edges , side length =0.13080625846028635 give us π≈3.139350203046872.
6 96 edges , side length =0.0654381656435527 give us π≈3.14103195089053.
7 192 edges , side length =0.03272346325297234 give us π≈3.1414524722853443.

calculations and observing Figure 4.3, we get the equation:

s2e =

√
2 −

√
4 − s2

e (4.1)

π2e =
e

2
s2e (4.2)

Now that we have learned some programming, we do no longer need to type the numbers and com-
putation steps into a calculator. Instead, we can simply write them into a program, as illustrated
in Listing 4.3. We begin by setting the number of edges e = 6 and the side length to s = 1 , still
choosing r = 1. In each iteration of the approximation, we simply set e *= 2 , which is equivalent to
e = e * 2 , to double the number of edges. We compute s = sqrt(2 - sqrt(4 - (s ** 2))) hav-
ing imported the sqrt function from the math module. We print the approximated value of π as
e * s / 2 . Notice how elegantly we use the unicode characters π and ≈ via the escapes \u03c0 and
\u2248 , respectively, from back in Section 3.6.6 (and how nicely it indeed prints the greek character π
in the stdout in Listing 4.4). Either way, since Equations 4.1 and 4.2 are always the same, we can
simply copy-paste the lines of code for updating s , e , and printing the approximated value of π several
times.

Listing 4.4 shows the standard output stream (stdout) produced by this program. Indeed, each
new approximation comes closer to π. For 192 edges, we get the approximation 3.1414524722853443 .
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Figure 3.29: A subset of the Unicode character table including the Basic Lating characters as well as
some Simplified Chinese characters (简体中文) [364].

Best Practice 8

When defining a multi-line string literal, the double-quotation mark variant ("""...""") is
usually preferred over the single-quotation mark variant (’’’...’’’) [111, 328].

Figure 3.28 shows what happens if we print such a multi-line string. We first create the string by
writing the three lines This is a multi-line string. , I can hit enter to begin a new line. , and
This linebreak is then part of the string. . The first line begins with """ and the last one ends
with """ as well. Passing this text to the print function, well, prints exactly this three-line string.

We can also have multi-line f-strings. These then simply start with f""" . The example in Figure 3.28
presents such a multi-line f-string with two expressions for (string) interpolation which spans over three
lines.

3.6.6 Unicode and Character Representation

First Time Readers and Novices: This section is for readers who want to learn how text
is mapped to numbers in order to store it in a computer. First-time readers can safely skip
over it.

The memory of our computers basically stores chunks of bits of certain fixed sizes, say, bytes that
are composed of8 bit each. Usually, these are interpreted as integer numbers. While Python supports
arbitrarily large integers, usually we deal with integers composed of 8 bytes, i.e., 64 bits. The float
datatype in Python is also usually 8 bytes large, but these are interpreted differently in order to facilitate
fractional numbers (see, e.g., Figure 3.5). But how does this work with text?

Well, by mapping characters to numbers. A str is then nothing but a list of these numbers.
The system then knows how to interpret these numbers as characters. Maybe the most well-known
historical mapping is ASCII [6, 321], which, however, contained only latin characters, punctuation marks,
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Figure 1.1: The twelve most popular programming languages chosen based on the GitHub pushes over
the years. Source: [29].

languages in Figure 1.1. We find that Python became the leading languages at some point in 2018. In
the TIOBE index, which counts the number of hits when searching for a programming language using
major search engines, Python ranked one in January 2025 and was named the programming language
of the year for 2024 [148].

Python is everywhere nowadays, and it is the undisputed default language of choice
in many fields.

— Paul Jansen [148], 2025

If you will do programming in any future employment or research position, chances are that Python
knowledge will be useful. According to the 2024 annual Stack Overflow survey [356], Python was the
second most popular programming language, after JavaScript and HTML/CSS. In GitHub’s Octoverse
Report from October 2024 [109], Python is named the most popular programming language, ranking
right before JavaScript.

Second, Python is intensely used [50] in the fields of Artificial Intelligence (AI) [261], Machine
Learning (ML) [273], and Data Science (DS) [118, 197] as well as optimization, which are among the
most important areas of future technology. Indeed, the aforementioned Octoverse report [109] states
that the use in soft computing is one of the drivers of Python’s popularity.

Third, there exists a very large set of powerful libraries supporting both research and application de-
velopment in these fields, including NumPy [77, 124, 149, 213], Pandas [21, 183, 224], Scikit-learn [228,
248], SciPy [149, 333], TensorFlow [2, 173], PyTorch [225, 248], Matplotlib [139, 141, 149, 221],
SimPy [361], and moptipy [341]2, just to name a few. There are also many Python packages supporting
other areas of computer science, that offer, e.g., connectivity to databases (DBs) [330], or support for
web application development [3, 315]. This means that for many tasks, you can find suitable and
efficient Python libraries that support your work.

Fourth and finally, Python is very easy to learn [115, 324]. It has a simple and clean syntax and
enforces a readable structure of programs. Programmers do not need to declare datatypes explicitly3.
Python has expressive built-in types likes lists, tuples, and dictionaries. Thus, Python was also named
the language most popular for those who want to learn how to code in the aforementioned Stack
Overflow survey [356]. The fact that Python is an interpreted language makes it somewhat slower
compared to compiled languages like C. However, this also leads to a much easier workflow when
experimenting and programming, as sketched in Figure 1.2. It also is possible to interactively write
programs in an interpreter window. This means that you can execute commands in a terminal instead
of needing to compile and run programs. These features, in sum, make Python a good choice for
learning how to write programs.

2Yes, I list moptipy here, next to very well-known and widely-used frameworks, because I am its developer.
3at least during the first steps of learning
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Abstract

The goal of this book is to teach practical programming with the Python language to high
school, undergraduate, and graduate students alike. Hopefully, readers without prior knowledge
can follow the text. Therefore, all concepts are introduced using examples and discussed compre-
hensively. All examples are available online in the GitHub repository associated with this book, so
that readers can play with them easily. Actually, the goal of the book is not just to teach pro-
gramming, but to teach programming as a part of the software development process. This means
that from the very beginning, we will attempt to push the reader towards writing clean code with
comments and documentation as well as to use various tools for finding potential issues. While
this book is work in progress, we hope that it will eventually teach all the elements of Python
software creation. We hope that it can enable readers without prior programming experience to
develop beautiful and maintainable software.

Source: [94]



Unstrukturierte Daten

• Unstrukturierte Daten wie z. B. Bücher, Bachelor- und Masterarbeiten, Berichte,
Bugetpläne und Forschungsanträge werden oft als einzelne Dokumente gespeichert.

• Oft gibt es Vorlagen für die Struktur solcher Dokumente, aber darüber hinaus können
diese sehr unterschiedlich sein.

• Sie können in Katalogen organisiert werden, in dem man Metainformationen wie Autoren,
Jahrgang und Stichworte getrennt abspeichert.

• Viel mehr kann man aber nicht tun.
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Tabellarische Daten

• Für tabellarische Daten gibe es einfache Textformate wie comma-separated values (CSV)75

und Programme wie Microsoft Excel10,41 und LibreOffice Calc56,74.
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Hierarchische Daten

• Dann gibt es hierarchische Datenstrukturen.

• Dafür gibt es Formate wie Extensible Markup Language (XML)16,27,51

, JavaScript Object
Notation (JSON)15,85

und YAML Ain’t Markup Language™ (YAML)26,34,51.
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Strukturierte Daten

• Diese tabellarische und hierarchische Datenformate haben gemeinsam, dass sie
Informationen in einzelnen Dokumenten speichern.

• Sie bieten klare und strenge Regeln, wie Daten definiert, strukturiert, gespeichert und
geladen werden kann.

• Die Formate sind oft offen und nicht an einzelne Anbieter gebunden.
• Aber sie sind eben nur nützlich, wenn wir die Daten in einzelnen Dateien speichern können.
• Sie sind ungeignet, um sehr große Datenmengen zu speichern.
• Sie sind auch nicht geeignet, um kompleze Zusammenhänge zwischen verschiedenen Arten

von Daten zu modellieren.
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Relationale Daten

• Sagen wir, Sie wollen Daten über das Personal unserer Universität speichern, über die
einzelnen Fakultäten, die Studenten und die Geräte.

• Ein einzelnes Dokument müsste nicht nur die Informationen speichern, sondern auch wie
diese zusammenhängen.

• Welcher Student besucht welchen Kurs? Welcher Student wird von welchem Lehrer
betreut? Welcher Mitarbeiter gehört zu welcher Fakultät?

• Das kann man durchaus mit XML, YAML, oder JSON machen.
• Aber das Dokument wäre riesig.
• Wie findet man etwas in so einem Dokument?
• Ein Fehler, irgendwo und das Dokument ist kaput.
• Sobald mehrere Leute gleichzeitig mit den Daten arbeiten müssen, fällt alles zusammen.
• Wir brauchen eine andere Lösung.
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Datenbanken

• Wilkommen zum Kurs Datenbanken93.

• Hier lernen wir über genau so eine Methode

, eine Methode, um strukturierte Daten zu
speichern

, so daß mehrere Nutzer gleichzeitig damit arbeiten können.

• Beginnine wir mit ein paar Definitionen.

Definition: Datenbank

Eine Datenbank (DB) ist eine Kollektion von in gegenseiter Beziehung stehenden Daten,
die in einem Computer gespeichert sind, potentiell viele verschiedene Typen haben können
und auf die viele Nutzern und Applikationen gleichzeitig zugreifen können.
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Datenbanken

• Es gibt viele verschiedene Datenbanken.

• Datenbanken für Dokumente

, für geographische Daten

, für komplexe Objekte, usw.

• Wir fokussieren uns auf Daten, die in (mehreren) Tabellen gespeichert werden, die in
festen logischen Beziehungen (Relationen) zu einander stehen.

Definition: Relationale Datenbank

Eine relationale Datenbank () ist eine Datenbank, die Daten in Zeilen (Rows, Tupel,
Datensätze, Records) und Spalten (Columns, Attribute) organisiert, die zusammen Tabel-
len (Relationen) bilden wobei die Datenpunkte zu einander in Beziehungen stehen25,79,83,96.

Definition: Datensatz

Ein Datensatz (Record) ist eine Gruppe von zusammenhängenden Datenelementen die
von einer Anwendung als Einheit behandelt werden.
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Relational Daten

• Ein Studenten-Datensatz könnte z. B. den Namen des Studenten/in speichern,
seinen/ihren Geburtstag, die Ausweisnummer und die Mobiltelefonnummer.

• Datensätze sind die grundlegende Einheit von Daten, die in einer Datenbank gespeichert
werden.

• Das zweite Kernelement sind die Beziehungen der Datensätze untereinander.
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• Ein DBMS muss es uns erlauben, Einschränkungen (EN: constraints) und Beziehungen für
Daten zu spezifizieren.

• Vielleicht erlauben wir nur Geburtsdaten zwischen dem 1. 1. 1900 und dem 31. 12. 2020
für alle Studenten und Universitätsmitarbeiter.

• Vielleicht wollen wir erzwingen, das jeder Universitätsmitarbeiter immer genau einer
Fakultät zugeordnet ist.

• Das DBMS muss es uns ermöglichen, solche Einschränkungen und Beziehungen zu
definieren und muss dann dafür sorgen, dass diese immer eingehalten werden.
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• Und nur weil jemand bestimmte Daten auslesen darf, bedeutet das noch nicht, dass sie

diese Daten auch verändern darf.



Anforderung: Zugriffkontrolle

• Ein DBMS muss es uns auch erlauben, Regeln für den Datenzugriff zu formulieren.
• Vielleicht speichert unsere Datenbank alle Informationen über unsere Universität und darf

von allen Studenten und Mitarbeitern genutzt werden.

• Das bedeutet aber nicht, dass alle auch auf alle Daten zugreifen können.
• Und nur weil jemand bestimmte Daten auslesen darf, bedeutet das noch nicht, dass sie

diese Daten auch verändern darf.



Anforderung: Zugriffkontrolle

• Ein DBMS muss es uns auch erlauben, Regeln für den Datenzugriff zu formulieren.
• Vielleicht speichert unsere Datenbank alle Informationen über unsere Universität und darf

von allen Studenten und Mitarbeitern genutzt werden.
• Das bedeutet aber nicht, dass alle auch auf alle Daten zugreifen können.

• Und nur weil jemand bestimmte Daten auslesen darf, bedeutet das noch nicht, dass sie
diese Daten auch verändern darf.



Anforderung: Zugriffkontrolle

• Ein DBMS muss es uns auch erlauben, Regeln für den Datenzugriff zu formulieren.
• Vielleicht speichert unsere Datenbank alle Informationen über unsere Universität und darf

von allen Studenten und Mitarbeitern genutzt werden.
• Das bedeutet aber nicht, dass alle auch auf alle Daten zugreifen können.
• Und nur weil jemand bestimmte Daten auslesen darf, bedeutet das noch nicht, dass sie

diese Daten auch verändern darf.



Anforderung: Gleichzeitiger Zugriff
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• Das DBMS muss dann die Datenintegrität über alle Datenbankteile hinweg sicherstellen.



Anforderung: Gleichzeitiger Zugriff

• Ein DBMS muss es mehreren Personen und Applikationen ermöglichen, gleichzeitig auf die
Daten zuzugreifen.

• Es muss verhindern, dass die Datenintegrität verletzt wird, wenn gleichzeitig mehrere
Personen die Daten verändern.

• Manche Datenbanken sind so groß, dass sie über mehrere Computer in einem Cluster
verteilt werden müssen.

• Das DBMS muss dann die Datenintegrität über alle Datenbankteile hinweg sicherstellen.



Anforderung: Gleichzeitiger Zugriff

• Ein DBMS muss es mehreren Personen und Applikationen ermöglichen, gleichzeitig auf die
Daten zuzugreifen.

• Es muss verhindern, dass die Datenintegrität verletzt wird, wenn gleichzeitig mehrere
Personen die Daten verändern.

• Manche Datenbanken sind so groß, dass sie über mehrere Computer in einem Cluster
verteilt werden müssen.

• Das DBMS muss dann die Datenintegrität über alle Datenbankteile hinweg sicherstellen.



Anforderung: Gleichzeitiger Zugriff

• Ein DBMS muss es mehreren Personen und Applikationen ermöglichen, gleichzeitig auf die
Daten zuzugreifen.

• Es muss verhindern, dass die Datenintegrität verletzt wird, wenn gleichzeitig mehrere
Personen die Daten verändern.

• Manche Datenbanken sind so groß, dass sie über mehrere Computer in einem Cluster
verteilt werden müssen.

• Das DBMS muss dann die Datenintegrität über alle Datenbankteile hinweg sicherstellen.



DBA

• Weil Datenbanken also zwangsweise schon etwas kompliziert sind, gibt es in vielen
Organisationen eine Person, die/der sich damit beschäftigt:

Definition: Datenbankadministrator

Datenbankadministratoren (DBAs) sind die Person oder Gruppe von Personen, die für
die effektive Nutzung von Datenbanktechnologien in einer Organisation oder einem Un-
ternehmen zuständig ist.

• Datebanken werden in vielen Organisationen und Abteilungen verwendet.

• Daher gibe es auch viele DBAs.
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谢谢您们！

Thank you!
Vielen Dank!
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Glossary (in English) I

API An Application Programming Interface is a set of rules or protocols that enables one software application or component to use
or communicate with another40.

Bash is a the shell used under Ubuntu Linux, i.e., the program that „runs“ in the terminal and interprets your commands, allowing
you to start and interact with other programs14,63,101. Learn more at https://www.gnu.org/software/bash.

client In a client-server architecture, the client is a device or process that requests a service from the server. It initiates the
communication with the server, sends a request, and receives the response with the result of the request. Typical examples for
clients are web browsers in the internet as well as clients for database management systems (DBMSes), such as psql.

client-server architecture is a system design where a central server receives requests from one or multiple clients9,57,66,69,72. These requests and
responses are usually sent over network connections. A typical example for such a system is the World Wide Web (WWW),
where web servers host websites and make them available to web browsers, the clients. Another typical example is the structure
of database (DB) software, where a central server, the DBMS, offers access to the DB to the different clients. Here, the client
can be some terminal software shipping with the DBMS, such as psql, or the different applications that access the DBs.

CSV Comma-Separated Values is a very common and simple text format for exchanging tabular or matrix data75. Each row in the
text file represents one row in the table or matrix. The elements in the row are separated by a fixed delimiter, usually a
comma („ ,“), sometimes a semicolon („;“). Python offers some out-of-the-box CSV support in the csv module28.

DB A database is an organized collection of structured information or data, typically stored electronically in a computer system.
Databases are discussed in our book Databases93.

DBA A database administrator is the person or group responsible for the effective use of database technology in an organization or
enterprise.

DBMS A database management system is the software layer located between the user or application and the DB. The DBMS allows
the user/application to create, read, write, update, delete, and otherwise manipulate the data in the DB98.

https://www.gnu.org/software/bash


Glossary (in English) II

ERD Entity relationship diagrams show the relationships between objects, e.g., between the tables in a DB and how they reference
each other4,17,20–22,50,76,95

Git is a distributed Version Control Systems (VCS) which allows multiple users to work on the same code while preserving the
history of the code changes78,87. Learn more at https://git-scm.com.

GitHub is a website where software projects can be hosted and managed via the Git VCS67,87. Learn more at https://github.com.

IT information technology

JavaScript JavaScript is the predominant programming language used in websites to develop interactive contents for display in browsers36.

JSON JavaScript Object Notation is a data interchange format15,85 based on JavaScript36 syntax.

LAMP Stack A system setup for web applications: Linux, Apache (a web server), MySQL, and the server-side scripting language PHP18,46.

LibreOffice is on open source office suite39,56,74 which is a good and free alternative to Microsoft Office. It offers software such as
LibreOffice Writer, LibreOffice Calc, and LibreOffice Base. See93 for more information and installation instructions.

LibreOffice Base is a DBMS that can work on stand-alone files but also connect to other popular relational databases37,74. It is part of
LibreOffice39,56,74 and has functionality that is comparable to Microsoft Access7,23,88.

LibreOffice Calc is a spreadsheet software that allows you to arrange and perform calculations with data in a tabular grid. It is a free and open
source spread sheet software56,74, i.e., an alternative to Microsoft Excel. It is part of LibreOffice39,56,74.

LibreOffice Writer is a free and open source text writing program100 and part of LibreOffice39,56,74. It is a good alternative to Microsoft Word.

https://git-scm.com
https://github.com


Glossary (in English) III

Linux is the leading open source operating system, i.e., a free alternative for Microsoft Windows5,44,77,86,91. We recommend using
it for this course, for software development, and for research. Learn more at https://www.linux.org. Its variant Ubuntu is
particularly easy to use and install.

MariaDB An open source relational database management system that has forked off from MySQL2,3,6,35,59,70. See
https://mariadb.org for more information.

Microsoft Access is a DBMS that can work on DBs stored in single, stand-alone files but also connect to other popular relational
databases7,23,60,88. It is part of Microsoft Office. A free and open source alternative to this commercial software is
LibreOffice Base.

Microsoft Excel is a spreadsheet program that allows users to store, organize, manipulate, and calculate data in tabular structures10,41,53. It is
part of Microsoft Office. A free alternative to this commercial software is LibreOffice Calc56,74.

Microsoft Office is a commercial suite of office software, including Microsoft Excel, Microsoft Word, and Microsoft Access53. LibreOffice is a
free and open source alternative.

Microsoft Windows is a commercial proprietary operating system13. It is widely spread, but we recommend using a Linux variant such as Ubuntu
for software development and for our course. Learn more at https://www.microsoft.com/windows.

Microsoft Word is one of the leading text writing programs33,62,100 and part of Microsoft Office. A free alternative to this commercial
software is the LibreOffice Writer.

MySQL An open source relational database management system12,35,71,84,97. MySQL is famous for its use in the LAMP Stack. See
https://www.mysql.com for more information.

OSS Open source software, i.e., software that can freely be used, whose source code is made availabe in the internet, and which is
usually developed cooperatively over the internet as well47. Typical examples are Python, Linux, Git, and PostgreSQL.

PgModeler the PostgreSQL DB modeler is a tool that allows for graphical modeling of logical schemas for DBs using an entity
relationship diagram (ERD)-like notation1. Learn more at https://pgmodeler.io.

https://www.linux.org
https://mariadb.org
https://www.microsoft.com/windows
https://www.mysql.com
https://pgmodeler.io


Glossary (in English) IV

PostgreSQL An open source object-relational DBMS38,64,68,84. See https://postgresql.org for more information.

psql is the client program used to access the PostgreSQL DBMS server.

psycopg or, more exactly, psycopg 3 , is the most popular PostgreSQL adapter for Python, implementing the Python DB API 2.0
specification55. Learn more at https://www.psycopg.org92.

Python The Python programming language48,54,58,94, i.e., what you will learn about in our book94. Learn more at
https://python.org.

relational database A relational DB is a database that organizes data into rows (tuples, records) and columns (attributes), which collectively form
tables (relations) where the data points are related to each other25,42,43,79,83,93,96.

server In a client-server architecture, the server is a process that fulfills the requests of the clients. It usually waits for incoming
communication carring the requests from the clients. For each request, it takes the necessary actions, performs the required
computations, and then sends a response with the result of the request. Typical examples for servers are web servers18 in the
internet as well as DBMSes. It is also common to refer to the computer running the server processes as server as well, i.e., to
call it the „server computer“52.

SQL The Structured Query Language is basically a programming language for querying and manipulating relational
databases19,29–31,49,61,80–83. It is understood by many DBMSes. You find the Structured Query Language (SQL) commands
supported by PostgreSQL in the reference80.

terminal A terminal is a text-based window where you can enter commands and execute them5,24. Knowing what a terminal is and
how to use it is very essential in any programming- or system administration-related task. If you want to open a terminal
under Microsoft Windows, you can Druck auf q + R , dann Schreiben von cmd , dann Druck auf . Under Ubuntu Linux,
Ctrl + Alt + T opens a terminal, which then runs a Bash shell inside.

https://postgresql.org
https://www.psycopg.org
https://python.org


Glossary (in English) V

Ubuntu is a variant of the open source operating system Linux24,46. We recommend that you use this operating system to follow this
class, for software development, and for research. Learn more at https://ubuntu.com. If you are in China, you can download it
from https://mirrors.ustc.edu.cn/ubuntu-releases.

UML The Unified Modeling Language (UML) is a graphical language for visualizing, specifying, constructing, and documenting the
artifacts of distributed object systems11,65,89,90

VCS A Version Control System is a software which allows you to manage and preserve the historical development of your program
code87. A distributed VCS allows multiple users to work on the same code and upload their changes to the server, which then
preserves the change history. The most popular distributed VCS is Git.

WeChat 微信, produced by Tencent (腾讯公司) is the most-used messenger application in China. It integrates payment capabilities,
video and voice chats, as well as social plugins and location-based services. See also https://weixin.qq.com/.

WWW World Wide Web8,32

XML The Extensible Markup Language is a text-based language for storing and transporting of data16,27,51. It allows you to define
elements in the form <myElement myAttr="x">...text..</myElement> . Different from CSV, elements in XML can be
hierarchically nested, like <a><b><c>test</c></b><b>bla</b></a> , and thus easily represent tree structures. XML is one of
most-used data interchange formats. To process XML in Python, use the defusedxml library45, as it protects against several
security issues.

YAML YAML Ain’t Markup Language™ is a human-friendly data serialization language for all programming languages26,34,51. It is
widely used for configuration files in the DevOps environment. See https://yaml.org for more information.

yEd is a graph editor for high-quality graph-based diagrams73,99, suitable to draw, e.g., technology-independent ERDs, control
flow charts, or Unified Modeling Language (UML) class diagrams. An online version of the editor is available at
https://www.yworks.com/yed-live. Learn more at https://www.yworks.com/products/yed.

https://ubuntu.com
https://mirrors.ustc.edu.cn/ubuntu-releases
https://weixin.qq.com/
https://yaml.org
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