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F§ 1 Foundation and Scope

The present curriculum defines and regulates the Master’s program Logic and Artificial
Intelligence in ingenieur Sciences at the Technical University of Vienna. It is based on
the Federal Act on the Organisation of Universities and their Studies – Universities Act
2002 UG (BGBl. I Nr. 120/2002 as amended) – and the Study Law Provisions of the
Statutes of the Technical University of Vienna in their current version. The program has
been structured and designed in alignment with the qualification profile, as detailed in
§ 2.

§ 2 Qualification Profile
The Master’s program Logic and Artificial Intelligence provides in-depth, scientifically
and methodologically high-quality education geared towards lasting knowledge, which
qualifies graduates for further training, especially within the framework of a relevant
doctoral program, as well as for employment in, e.g., the following fields of activity and
makes them internationally competitive:

• in basic research in academia and industry;
• in applied research and development in industry and university spin-offs, focusing

on the use of logic-based approaches, machine learning, and artificial intelligence
methods in fields such as formal systems engineering, web and semantic systems,
logistics, operations research, production, security, and telecommunications; as well
as

• for analysis and consulting in these areas.

After acquiring appropriate operational qualifications, graduates are qualified to assume
leadership positions.

Based on professional requirements, the Master’s program Logic and Artificial Intelli-
gence imparts qualifications in the following categories:

Technical competencies Building upon a relevant bachelor’s degree, in addition to
advanced knowledge in the field of computer science and a critical understanding of
its theories and principles, knowledge in the following subfields of logic and artificial
intelligence is imparted:

• logic;
• computability, algorithms, and complexity;
• discrete mathematics and theoretical computer science;
• logic-based artificial intelligence;
• machine learning;
• artificial intelligence and society; and
• secure and trustworthy systems.
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theories and systems in an abstract, symbol-oriented view, but also on the connection of
this view with a data-driven approach that prevails in the field of subsymbolic artificial
intelligence such as neural networks and machine learning. Furthermore, aspects of
artificial intelligence are taught in the context of humans and society, such as interaction,
norms and ethics, sustainability and the environment, as well as knowledge about the
development of systems that are safe and trustworthy, using formal methods from this
field.
Transversal competencies By means of practical and theoretical engagement with
current technologies and methods, the following skills are imparted:

• to analyse complex problems based on formal, mathematical, and logic-based
methods, as well as to develop solutions and practical implementations thereof;

• to further develop formal-mathematical methods;
• to apply a scientifically sound approach;
• logical-mathematical abstraction skills and methodologies;
• solving and practical implementation of problems with potential system develop-

ment;
• decision-making responsibility and leadership skills;
• communication skills; and
• the ability to critically reflect on the status quo and one’s own actions.

§ 3 Time and effort
The workload for the Master’s program Logic and Artificial Intelligence is 120 ECTS
points. This corresponds to an intended study duration of 4 semesters as a full-time
program.
ECTS credits (ECTS) quantify the students’ workload. One academic year comprises 60
ECTS credits, with one ECTS credit corresponding to 25 working hours (according to §
54 Abs. 2 UG).

§ 4 Admission to the Master’s Program
Admission to a master’s program requires the completion of a subject-relevant Bachelor’s
program or another subject-relevant program of at least the same educational level at a
recognized domestic or foreign post-secondary educational institution.

A program of study is considered relevant if at least 120 ECTS have been completed
in the subject areas of mathematics and computer science, including at least

1. 25 ECTS in mathematics, statistics, and the theoretical foundations of computer
science, with acquired knowledge, skills, and competencies corresponding to the
modules Algebra und Diskrete Mathematik, Analysis, Statistik und Wahrschein-
lichkeitstheorie, and Theoretische Informatik of the Bachelor’s program Informatics
at TU Wien;
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edge, skills, and competencies corresponding to the modules Algorithmen und
Datenstrukturen, Einführung in die Programmierung, and Programmierparadigmen
of the Bachelor’s degree program Informatics at TU Wien.

Graduates of the Bachelor’s programs Informatics, Media Informatics and Visual
Computing, Medical Informatics, Software & Information Engineering, Computer En-
gineering, Business Informatics, Technical Mathematics, Statistics and Mathematics in
Economics, and Financial and Actuarial Mathematics at TU Wien are admitted without
supplementary examinations.

To compensate for significant technical differences, supplementary examinations to the
maxium extent of 30 ECTS may be prescribed, which must be completed by the end
of the second semester of the Master’s program at the latest. These may be used to a
maximum extent of 4,5 ECTS in the module Freie Wahlfächer und Transferable Skills as
free electives, but not as transferable skills.

The language of instruction is English. Applicants whose first language is not English
must provide proof of the required language proficiency. The form of proof is specified in
a regulation by the Rectorate.

Individual courses may be conducted in German, or individual lectures may be delivered
in German, and/or supported by German-language materials. Therefore, proficiency
in German at reference level B1 of the Common European Framework of Reference for
Languages (CEFR) is recommended.

§ 5 Structure of the Program
The content and qualifications of the program are delivered through modules. A module
is a teaching and learning unit characterized by entry and exit qualifications, content,
teaching and learning methods, regular workload, and assessment. Modules consist of
one or more content related courses. Thematically linked modules are grouped into
examination subjects, whose name, scope, and overall grade are listed on the graduation
certificate.

Examination subjects and the associated modules
The Master’s program Logic and Artificial Intelligence consists of the following examina-
tion subjects and their assigned modules. The modules marked (*) are elective, the others
are mandatory. The mandatory modules must be completed in any case. Furthermore,
at least one module must be chosen from the examination subject Artificial Intelligence
and Society or from Safe and Trustworthy Systems, as well as at least two seminars from
the examination subject Methods in Logic and Artificial Intelligence.

In total, students must complete courses in the mandatory and elective modules, with
the exception of the module Freie Wahlfächer und Transferable Skills, amounting to at
least 81 ECTS.
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courses so that their combined credits, together with the master’s thesis and the credits
from the other mandatory and elective modules, total 120 ECTS or more.

If the total credits from the other mandatory and elective modules exceed 81 ECTS,
the number of credits required in the module Freie Wahlfächer und Transferable Skills
may be reduced accordingly. However, at least 4,5 ECTS in the area of transferable skills
must still be completed within this module.

Logic and Theory

Discrete Mathematics (6,0 ECTS)
Logic and Computability (6,0 ECTS)
*Automata and Logic (6,0 ECTS)
*Automated Deduction (6,0 ECTS)
*Database Theory (6,0 ECTS)
*Decidable Logics for Knowledge and Data (6,0 ECTS)
*Deontic Logic for Normative Reasoning (6,0 ECTS)
*Gödel’s Incompleteness Theorems (4,5 ECTS)
*History of Logic (6,0 ECTS)
*Logical Foundations of Inductive Theorem Proving (4,5 ECTS)
*Modal Logics (6,0 ECTS)
*Nonclassical Logics (6,0 ECTS)
*Nonstandard Deduction Systems (6,0 ECTS)
*Proof Theory (6,0 ECTS)
*Quantum Computing (6,0 ECTS)
*SAT Algorithms, Applications and Extensions (6,0 ECTS)

Algorithms and Complexity

Algorithmics (6,0 ECTS)
*Advanced Research in Algorithmics (6,0 ECTS)
*Algorithmic Encoding Techniques (6,0 ECTS)
*Algorithmic Geometry (6,0 ECTS)
*Algorithms in Graph Theory (6,0 ECTS)
*Beyond Exact Algorithms (6,0 ECTS)
*Complexity Theory (6,0 ECTS)
*Fixed-Parameter Algorithms and Complexity (6,0 ECTS)
*Graph Drawing Algorithms (6,0 ECTS)
*Heuristic Optimization Techniques (6,0 ECTS)
*Mathematical Programming and Optimization in Transport Logistics (6,0 ECTS)
*Structural Decompositions and Meta Theorems (6,0 ECTS)
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Logic-based Artificial Intelligence (6,0 ECTS)
*Abstract Argumentation (6,0 ECTS)
*Algorithmic Social Choice (6,0 ECTS)
*Knowledge Graphs (6,0 ECTS)
*Management of Graph Data (6,0 ECTS)
*Nonmonotonic Reasoning (6,0 ECTS)
*Preferences in Artificial Intelligence (6,0 ECTS)
*Principles of Knowledge Representation (6,0 ECTS)
*Probabilistic Reasoning (6,0 ECTS)
*Problem Solving and Search in Artificial Intelligence (6,0 ECTS)
*Processing of Declarative Knowledge (6,0 ECTS)
*Theory of Graph Data (6,0 ECTS)

Machine Learning

Machine Learning (6,0 ECTS)
*Advanced Reinforcement Learning (6,0 ECTS)
*Algorithms for Data Science (6,0 ECTS)
*Applied Generative AI and LLM-based Systems (6,0 ECTS)
*Deep Learning for Natural Language Processing (6,0 ECTS)
*Generative AI (6,0 ECTS)
*Machine Learning for Optimization (6,0 ECTS)
*Neurosymbolic Reasoning (6,0 ECTS)
*Reinforcement Learning (6,0 ECTS)
*Stochastic Foundations of Cyber-Physical Systems (6,0 ECTS)
*Theoretical Foundations and Research Topics in Machine Learning (6,0 ECTS)
*Theoretical Foundations of Deep Learning (6,0 ECTS)

Artificial Intelligence and Society

*AI Ethics (6,0 ECTS)
*Critical Algorithm Studies (6,0 ECTS)
*Critical Theory and Design (6,0 ECTS)
*Digital Humanism (3,0 ECTS)
*Explainable AI (6,0 ECTS)
*Human-Centered AI (6,0 ECTS)
*Information Visualization (6,0 ECTS)
*Introduction to Computational Sustainability (6,0 ECTS)
*Responsible Digital Ethics (6,0 ECTS)
*Virtual and Augmented Reality (6,0 ECTS)
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*Advanced Cryptography (6,0 ECTS)
*Advanced Privacy Enhancing Technologies (6,0 ECTS)
*Computer-Aided Verification (6,0 ECTS)
*Cryptocurrencies (6,0 ECTS)
*Formal Methods for Security and Privacy (6,0 ECTS)
*Formal Methods in Systems Engineering (6,0 ECTS)
*Program Analysis (6,0 ECTS)
*Smart Contracts (6,0 ECTS)
*Symmetric Cryptography (6,0 ECTS)

Methods in Logic and Artificial Intelligence

*Seminar in Logic (3,0 ECTS)
*Seminar in Artificial Intelligence (3,0 ECTS)
*Seminar in Theoretical Computer Science (3,0 ECTS)
*Project in Logic and Artificial Intelligence (6,0–12,0 ECTS)

Extension

*Extension (up to 12,0 ECTS)

Free Electives and Transferable Skills

Freie Wahlfächer und Transferable Skills (9,0 ECTS)

Diploma Thesis

See Section § 9.

Brief description of the modules
This section briefly characterizes the modules of the Master’s program Logic and Artificial
Intelligence. A detailed description is available in Appendix A.

Abstract Argumentation (6,0 ECTS) The module discusses the central properties of
Dung’s abstract argumentation frameworks, including different semantics for abstract
argumentation, properties and complexity of argumentation, and generalizations of
Dung’s abstract argumentation frameworks.

Advanced Cryptography (6,0 ECTS) Modern cryptography extends far beyond
basic concepts like encryption and authentication to meet today’s demands for security
and privacy and this course presents such advanced topics. We cover the provable
security paradigm, which yields rigorous security guarantees for practical cryptographic
schemes. After introducing elliptic-curve cryptography, we discuss advanced forms of
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compliance while preserving privacy. We also touch on secure multi-party computation
and lattice-based cryptography, which provides security against quantum computers.

Advanced Privacy Enhancing Technologies (6,0 ECTS) This module equips
students with state-of-the-art techniques, such as differential privacy, secret sharing, and
secure multi-party computation, that enable secure data processing without compromising
confidentiality. These methods allow sensitive data to be utilized in AI applications and
analytics while ensuring strong privacy guarantees, addressing key concerns in sectors like
healthcare, finance, and social media. By bridging the gap between privacy protection
and data utility, the lecture prepares students to tackle modern challenges in balancing
ethical data usage with technological advancement.

Advanced Reinforcement Learning (6,0 ECTS) This module covers advanced topics
in reinforcement learning. Regarding algorithms, distributional reinforcement learning
and distributional deep reinforcement learning are discussed. Reinforcement learning
plays the crucial role in the development of large language models (LLMs) such as
ChatGPT and DeepSeek-R1; these algorithms are presented as well. Convergence proofs
of important algorithms are given. In the tutorial part, students present the theory of
recent algorithms in detail or implement learning algorithms for complex environments.

Advanced Research in Algorithmics (6,0 ECTS) This module introduces students
to research-oriented work in algorithmics. Students engage with selected topics from fields
such as computational social choice, algorithmic game theory, computational geometry,
graph algorithms, and approximation techniques, developing skills in literature analysis,
critical thinking, and research formulation.

AI Ethics (6,0 ECTS) With the rapid developments in Artificial Intelligence (AI), we
find an inevitable increase in AI’s impact on our lives, posing various ethical challenges
for developers, policy-makers, and society at large. This has led to a general awareness
that AI systems must be aligned with human values, ethics, and laws. This module
introduces various ways in which ethics and AI meet. It enables students to develop
basic skills for identifying and critically reflecting on AI-specific ethical challenges, and
for incorporating critical thinking on these topics in their work and further studies.

Algorithmic Encoding Techniques (6,0 ECTS) This module explores advanced
techniques for solving complex computational problems through encoding into estab-
lished target formalisms. The module focuses on methodological approaches to problem
encoding, including satisfiability, maximum satisfiability, and constraint programming.
Students learn systematic encoding strategies and techniques for improving solving
efficiency, with emphasis on correctness certification and handling dynamic problem
instances.

Algorithmic Geometry (6,0 ECTS) Algorithmic geometry deals with efficient compu-
tations on basic geometric objects such as points, lines, polygons, and their higher-level
analogs. Geometric algorithms play an important role in a variety of applications, e.g.,
visual computing, geographic information systems, machine learning, robotics, etc. This
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tures. We present fundamental techniques and concepts in algorithmic geometry as well
as more advanced results and discuss selected geometric problems arising in applications.
Algorithmic Social Choice (6,0 ECTS) Computational social choice studies algorith-
mic and computational aspects of collective decision-making processes, including voting,
fair division, and matching problems. It provides fundamental tools for addressing fair-
ness, efficiency, and strategic behavior in group decisions. Applications arise in political
elections, resource allocation, multi-agent systems, and online platforms. This module
introduces key concepts in computational social choice, covering preference aggregation,
complexity analysis, and algorithmic techniques. We study fundamental problems as
well as selected advanced topics, with emphasis on both theoretical foundations and
algorithmic solutions.
Algorithmics (6,0 ECTS) This module thoroughly treats advanced algorithms and
data structures, emphasizing theoretical foundations and algorithm analysis. The module
focuses on mathematical methods for analyzing computational problems and developing
efficient algorithmic solutions. Students learn to understand and prove the correctness
and efficiency of algorithms through formal mathematical methods.
Algorithms for Data Science (6,0 ECTS) This module introduces fundamental
algorithms for analyzing large amounts of data. It is based on important results of the
algorithms community which are widely recognized for their practical applications in
data science. The module will cover algorithms for questions, such as: How can one find
duplicate pages on the web? How can one detect communities in social networks? How
can we embed high-dimensional data into low-dimensional spaces, to analyze data more
efficiently? The module’s focus will be on the underlying algorithmic principles and the
theoretical algorithm analysis, i.e., we will prove that these algorithms work and why.
We will also (to a lesser extent) consider use-cases of these algorithms in practice.
Algorithms in Graph Theory (6,0 ECTS) This module provides a thorough theo-
retical treatment of graph algorithms and their mathematical foundations. The module
focuses on fundamental concepts in graph theory and their algorithmic aspects. Students
learn to develop and analyze algorithmic solutions through formal mathematical methods.
Applied Generative AI and LLM-based Systems (6,0 ECTS) This module focuses
on the practical implementation and integration of generative AI systems. It introduces
modern model architectures such as mixture-of-experts, advanced optimization techniques
including parameter-efficient tuning, and integration patterns such as tool use, function
calling, or agentic systems. Through practical group projects, this module aims to
transfer theoretical understanding to practical implementations of generative AI systems.
Automata and Logic (6,0 ECTS) This module provides an introduction to the
interplay between automata theory, logic, and algebra, three foundational pillars of
theoretical computer science. Students will explore how automata serve as computational
models for languages and systems, how logic provides precise tools for specifying and
reasoning about them, and how algebraic methods unify and deepen our understanding
of both.
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offers brings new perspectives in the field of system verification and certification. This
module is about computational logic, with particular focus on algorithmic and auto-
mated methods for proving logical properties expressed in first-order logic with equality.
Such properties naturally model safety/security assumptions on computer systems; for
example memory accesses are naturally modeled using unbounded data structures, and
hence quantifiers. The module aims at teaching attendees algorithmic techniques and
fundamental results in first-order theorem proving for logic with equality. We will address
both the theoretical and practical aspects for using and implementing reasoning engines
for such logic.
Beyond Exact Algorithms (6,0 ECTS) Exact algorithms always give the correct
answer or provide optimal solutions but they can be complex and computationally
intensive. This module explores alternatives to exact algorithms through the study of
randomized and approximation algorithms. Such algorithms can be significantly simpler
and more efficient by either making controlled random decisions during execution or
finding near-optimal solutions. The module covers design principles and analysis methods
for both paradigms, including probabilistic performance guarantees, approximation ratios,
and running-time bounds.
Complexity Theory (6,0 ECTS) When developing algorithms for different problems, it
turns out that some problems admit efficient algorithms while others don’t. Complexity
theory provides tools that allow us to explain why for a given problem no “better”
algorithm can be expected, where “better” typically means faster or with less memory
consumption. It may also mean that a problem is better suited for parallel processing
than others.
Computer-Aided Verification (6,0 ECTS) This module focuses on the automated
verification of hardware and software systems using model checking techniques. It covers
specification languages for system properties, system models, and verification algorithms.
Critical Algorithm Studies (6,0 ECTS) This module takes an interdisciplinary
approach to examining the ethical, social, and political dynamics of algorithmic sys-
tems. It explores how algorithms influence society, focusing on issues like bias, fairness,
transparency, accountability, and trust and safety. Through theoretical and practical
discussions, students critically assess the harms and safeguards of algorithms in real-
world settings, tackling challenges such as misinformation, extremist content, and online
harassment. The module also includes a final report where students design technical or
policy-based solutions to mitigate algorithmic harms.
Critical Theory and Design (6,0 ECTS) This module enables students to develop
an understanding of technology and media in society through a critical theory lens. A
philosophical foundation is provided, discussing a wide range of thinkers and their central
ideas. Students will be able to discuss cutting edge trends in digital technology and
media along perspectives such as power, oppression, meaning, culture and the political
dimensions of technology. They will further learn how to translate such critical thinking
into a future oriented design practice to develop alternative technological futures.
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dations of blockchain technologies.

Database Theory (6,0 ECTS) This module delves into the theoretical foundations
of databases, emphasizing the expressive power, computational complexity, and formal
properties of query languages and data models. Students will explore topics such as
the semantics of query languages, reasoning with integrity constraints, decidability, and
optimization from a mathematical perspective.

Decidable Logics for Knowledge and Data (6,0 ECTS) This module explores de-
cidable fragments of classical first-order logic, focusing on their computational complexity,
reasoning techniques, and applications. Students will learn to formulate well-structured
logical expressions in different fragments, classify them within specific fragments, and
apply appropriate reasoning algorithms. The considered fragments include description
logics, guarded fragments, bounded variable fragments, counting quantifiers, quantifier
prefix fragments, and restrictions that reduce the complexity, such as Horn-ness.

Deep Learning for Natural Language Processing (6,0 ECTS) This module
provides an in-depth introduction to deep learning for natural language processing
(NLP). Students will explore fundamental and advanced deep learning techniques for
NLP applications, including theoretical concepts and practical implementations using
PyTorch.

Deontic Logic for Normative Reasoning (6,0 ECTS) This module deals with
normative reasoning and its logic, the focus being on logical semantics. It provides
advanced training in using logical formalisms as tools for the specification of norms. It
also introduces students to topics in AI and ethics and in AI and law, where norms are
used.

Digital Humanism (3,0 ECTS) The module deals with topics that describe, analyze,
and, most importantly, influence the complex interplay of technology and humankind,
for a better society and life, fully respecting universal human rights.

Discrete Mathematics (6,0 ECTS) The module presents a tour through various topics
of advanced discrete mathematics ranging from algebraic graph theory and combinatorics
over number theory to algebra as well as some applications of the theory. It consists of a
lecture part and an exercise part in small groups. The exercise part serves for deepening
the understanding, creating crosslinks between the module topics and developing the
ability to design formal mathematical proofs.

Explainable AI (6,0 ECTS) The module discusses the theory of explanation, central
challenges, existing methods in various AI subfields (including symbolic and subsymbolic
AI), and some applications. Specific topics covered are visualization techniques for
explainable AI (XAI), symbolic XAI methods in knowledge representation and reasoning
(computational argumentation based approaches), recent XAI work using interactive
dialogue models, as well as challenges for XAI techniques with respect to trustworthiness,
bias, and correctness.
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either by choosing courses from other Master curricula that fit the qualification profile of
Logic and Artificial Intelligence.

Fixed-Parameter Algorithms and Complexity (6,0 ECTS) Fixed-parameter al-
gorithms provide a powerful approach for efficiently solving many NP-hard problems
by exploiting structural aspects of problem instances in terms of a problem parameter.
This module provides an overview of the main techniques for developing fixed-parameter
algorithms as well as the fundamentals of parameterized complexity theory.

Formal Methods for Security and Privacy (6,0 ECTS) The module provides
in-depth knowledge on the formal methods used in industry and academia to certify the
security and privacy of software, cryptographic protocols, blockchains, machine learning,
and more.

Formal Methods in Systems Engineering (6,0 ECTS) Ensuring system reliability
became mandatory in our digital world. The area of formal methods provide rigorous
arguments to prove that systems have no errors and behave as expected. Yet, there
are theoretical results showing that there is no “one” formal approach that can be
used for every system error, in every technology. This module focuses for software and
hardware systems and presents formal methods for ensuring trustworthiness of such
systems. We address SAT/SMT solving, deductive program verification, model checking,
and static code analysis. Module concepts will be demonstrated using fully automated
tools, allowing students to practice and consolidate their knowledge in formal methods
for efficient systems engineering.

Freie Wahlfächer und Transferable Skills (9,0 ECTS) Die Lehrveranstaltungen
dieses Moduls dienen der Vertiefung des Faches sowie der Aneignung außerfachlicher
Kenntnisse, Fähigkeiten und Kompetenzen.

Generative AI (6,0 ECTS) Generative AI has brought fundamental paradigm shifts in
AI and beyond. This module provides a comprehensive introduction to both theoretical
foundations and practical applications of it. The module explores principles of generative
AI around language modeling, image generation, multimodal systems and discusses
intersections between generative AI and other research areas such as knowledge-based
architectures and recommender systems. Besides theoretical foundations, it covers practi-
cal implementation aspects such as prompt engineering, retrieval-augmented generation,
and modern tooling/frameworks. Finally, the module also addresses crucial ethical
considerations and societal implications of generative AI systems.

Gödel’s Incompleteness Theorems (4,5 ECTS) In this lecture, we will prove one of
the most important results mathematical logic, Gödel’s incompleteness theorems. In doing
so, we will not take the most direct route, instead we take the incompleteness theorems
as motivation to study topics and proof techniques in their vicinity, like diagonalisation
and arithmetisation.

Graph Drawing Algorithms (6,0 ECTS) Graph drawing is concerned with the
geometric representation of graphs in the plane and constitutes the algorithmic core
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algorithmics, graph theory, computational geometry, and visualization. In this module we
define common aesthetic quality criteria and layout styles in graph drawing. Subsequently,
we study the corresponding optimization problems from a formal, algorithmic perspective.
We cover some of the most fundamental graph drawing algorithms, ranging from general-
purpose algorithms to specific algorithms for certain graph classes (e.g., trees and planar
graphs). The algorithms use known algorithm design principles such as divide-and-
conquer, incremental constructions, and network flow models. The module covers both
practical and theoretical aspects of graph drawing.

Heuristic Optimization Techniques (6,0 ECTS) This module deals with algorith-
mic techniques to heuristically solve practicably challenging optimization problems in
reasonable time.

History of Logic (6,0 ECTS) This module provides an overview about the historical
development of key contributions of logic, ranging from Aristotle to modern logic.
Particular emphasis is given on the discussion of how the central concepts of logic have
been introduced in their original form, on the respective historical context, as well as on
relations between the original formulations and their modern counterpart.

Human-Centered AI (6,0 ECTS) This module provides foundational knowledge
of user interfaces, “human in the loop” systems, and artificial intelligence, including
supervised and unsupervised learning, as well as reinforcement learning. Students will
explore key domains of human-AI interaction, such as recommender systems, chatbots,
intelligent text entry, explainable AI, user modeling, and personalized and adaptive user
interfaces.

Information Visualization (6,0 ECTS) This module covers theoretical concepts
and practical applications of information visualization, which is defined as the use
of computer-supported, interactive, visual representations of abstract data to amplify
cognition.

Introduction to Computational Sustainability (6,0 ECTS) This lecture addresses
the urgent need to align the rapid growth of technology and computing with the pressing
challenges of environmental, societal, and economic sustainability.

Knowledge Graphs (6,0 ECTS) Knowledge graphs combine scalable graph data
management with both symbolic AI (e.g., logic-based) and subsymbolic AI (i.e., machine
learning). Key techniques are logic-based reasoning, knowledge graph embeddings, graph
neural networks, and graph transformers. An overarching aim of the module is to
understand the connections between knowledge graphs, artificial intelligence, neuro-
symbolic AI, Machine Learning, Deep Learning and Data Science.

Logical Foundations of Inductive Theorem Proving (4,5 ECTS) Automated
inductive theorem proving is an area of research that is concerned with the development
of algorithms which find proofs by induction automatically. In this module, the logical
foundations of this topic are studied. We use proof-theoretic and model-theoretic methods
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emphasis is on delineating the strength and capabilities of these methods.
Logic and Computability (6,0 ECTS) The module aims at a consolidation as well
as an extension of skills and knowledge in mathematical logic and computability theory
acquired at the bachelor level. It provides advanced training in using logical formalisms
as tools for specification and problem-solving across diverse applications. Among other
things, students will study various logical systems for proof search, explore elements
of modal and intuitionistic logic, and gain a deeper understanding of computability,
including its connections to logic, program verification, and complexity theory.
Logic-based Artificial Intelligence (6,0 ECTS) This module provides an advanced
introduction to logic-based artificial intelligence. The students will learn selected logic
formalisms used to represent complex domains of interest and the computational methods
for deriving conclusions from these representations. By discussing both theoretical
principles and practical techniques, the module aims to prepare students for advanced
applications and research in AI. The module begins by introducing predicate logic as
a specification language, and then moves on to description logics (DL) for representing
ontological knowledge. The students will learn the basics of DL reasoning; special
attention will be given to the description logic EL popular in biomedical informatics.
The students will learn the principles behind nonmonotonic reasoning, and become
acquainted with answer-set programming and its application for declarative problem
solving in combinatorial domains. Students will learn the foundations of probabilistic
reasoning and, finally, rule learning, bridging the gap between logical inference and
data-driven learning. By the end of the module, students will have developed both
theoretical expertise and practical skills, enabling them to deploy logic-based AI solutions
to solve problems in different domains.
Machine Learning (6,0 ECTS) The module provides a broad introduction to funda-
mental topics in machine learning. It covers core concepts of machine learning, the basics
of machine learning theory, and the main techniques in supervised learning, unsupervised
learning, and reinforcement learning.
Machine Learning for Optimization (6,0 ECTS) Combinatorial optimization prob-
lems arise in various domains, and solving them is crucial to improve efficiency and
resource consumption. Traditionally, such problems have been solved using exact meth-
ods and heuristic techniques. In recent years, machine learning approaches have been
developed and used to improve traditional solvers and to directly solve such problems.
This module provides an introduction to methods for solving combinatorial optimization
problems based on machine learning. It includes various learning approaches based
on supervised learning, reinforcement learning, and large language models for hard
combinatorial optimization problems.
Management of Graph Data (6,0 ECTS) Graph data, such as knowledge graphs,
plays a pivotal role in numerous cutting-edge applications, including graph analytics, data
integration, and machine learning. However, managing graph data effectively requires
navigating a diverse landscape of technologies and selecting the right methods to meet
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the principles, technologies, and advanced topics in graph data management. Students
will explore popular graph data models, query languages, and management systems,
covering topics such as query formulation, query optimization, schema design, provenance,
data integration, and dynamic updates. By completing the module, participants will be
well-equipped to apply graph data technologies in real-world scenarios and engage with
emerging trends in this rapidly evolving field.

Mathematical Programming and Optimization in Transport Logistics (6,0
ECTS) This module covers the theory and practice of solving challenging optimization
problems by means of mathematical programming techniques, in particular integer linear
programming methods. While highly relevant in many application areas, a particular
focus is put on optimization problems in transport logistics.

Modal Logics (6,0 ECTS) The module discusses different families of modal logics,
both from a semantical as well as from a proof-theoretical point of view. Besides the
standard normal modal logics, also non-normal and multimodal logics will be considered.
Concerning the proof theory of modal logics, the module will cover Hilbert-type axioma-
tisations, sequent-style systems, tableaux, and natural deduction methods. The module
will also deal with first-order modal logics as well as different application areas of modal
logics like modeling dishonest agents.

Neurosymbolic Reasoning (6,0 ECTS) This module introduces methods and tech-
niques to combine symbolic and subsymbolic AI. While symbolic AI builds on logic and
deals with structured data, subsymbolic AI (encompassing modern machine learning
methods like neural networks) deals with unstructured data (like images and natural
language) and builds on probabilistic and analysis based methods. Neurosymbolic AI
combines these two approaches and is targeted at problems that require dealing with
reasoning, uncertainty and unstructured data. The module will also consider logical
expressivity of AI approaches, models of their combinations, algorithms and methods for
evaluation, as well as selected applications.

Nonclassical Logics (6,0 ECTS) The module provides an overview of concepts,
methods, and results in different areas of the vast field of nonclassical logics. In particular,
the following topics are covered: general theory of modal logics, epistemic logic, elements
of intuitionistic logic, and mathematical fuzzy logics.

Nonmonotonic Reasoning (6,0 ECTS) Nonmonotonic reasoning deals with the
formalisation of human commonsense reasoning, typically in the form of reasoning
under incomplete information. This module discusses the most important nonmonotonic
reasoning formalisms, the central properties of nonmonotonic inference relations, as well
as the proof theory of different nonmonotonic logics.

Nonstandard Deduction Systems (6,0 ECTS) Traditional proof calculi deal with the
axiomatization of the valid formulas of a logic. However, one can also have an alternative
point of view and devise proof systems which axiomatize the invalid formulas of a logic,
or which axiomatize contingent formulas (i.e., formulas which are invalid yet satisfiable
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are referred to as rejection systems or complementary calculi. In this module, different
such nonstandard deduction systems for a variety of different logics are studied, as well
as applications of such systems for logics in artificial intelligence.
Preferences in Artificial Intelligence (6,0 ECTS) Preferences are ubiquitous. They
determine our decisions, from simple everyday decisions (such as having tea or coffee, or
ordering another glass of beer) to much more fundamental decisions (such as accepting a
job offer, getting married, political participation). Preferences also play a tremendous
role in many applications, such as logic programming, multi-agent systems, diagnosis
etc. Given this, it is far from surprising that various subfields of artificial intelligence
(AI) have come up with models for representing preferences and for reasoning and
decision making based on these models. Whereas classical decision theory is based on a
numerical representation of preferences (utilities), more recently qualitative as well as
mixed qualitative/quantitative models of preferences have been a major focus of research.
Principles of Knowledge Representation (6,0 ECTS) The module deals with topics
that arise in the context of knowledge representation and reasoning at a foundational level,
such as changing knowledge bases, dealing with actions and planning, nonmonotonic and
abductive reasoning, and distributed knowledge. In addition to approaches and techniques
for dealing semantically with these issues, the module also considers computational and
expressiveness aspects that arise with them.
Probabilistic Reasoning (6,0 ECTS) The module gives an overview on the area of
probabilistic modeling and reasoning in artificial intelligence.
Problem Solving and Search in Artificial Intelligence (6,0 ECTS) Solving logical
problems and complex real-world constraint satisfaction and optimization problems
requires strong problem solving skills. While experienced human experts can often find
good solutions for small problems, efficiently solving large-scale problems and automating
problem-solving are important goals of AI. This module covers core topics in AI problem
solving including problem modeling, AI-based exact and heuristic search techniques,
learning in search, and hybrid approaches. It also demonstrates the application of these
techniques in various practical domains, including planning and scheduling.
Processing of Declarative Knowledge (6,0 ECTS) This module introduces methods
and techniques for declarative knowledge processing. In this paradigm, knowledge and
problem specifications can be expressed using sentences in symbolic languages, while
specialized reasoning engines can be used to process these sentences. Unlike procedural
approaches, which require programmers to explicitly define how computations should
be performed, declarative methods allow reasoning systems to determine the necessary
computations based on the input specification. This distinction makes declarative methods
a powerful alternative to procedural approaches. By separating problem specifications
and domain knowledge from implementation details, declarative methods offer benefits
such as improved solution quality, reusability, transparency, and explicability.
Program Analysis (6,0 ECTS) This module provides an in-depth introduction to
program analysis, a set of techniques and tools for automatically reasoning about the
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including static analysis, program semantics, abstract interpretation, and type systems,
along with their applications in verification, optimization, and software quality.

Project in Logic and Artificial Intelligence (6,0–12,0 ECTS) In this module,
practical problems from the field of logic and/or artificial intelligence are solved. This
gives insights into scientific practice and current research in these areas. For working on
larger problems, the two practical projects can be combined.

Proof Theory (6,0 ECTS) The module deals with the elementary results in proof
theory, like cut-elimination in sequent-type calculi, intuitionistic logic, interpolation
theorems, and the second consistency proof of Gentzen, natural deduction systems,
higher-order logics, and provability logics.

Quantum Computing (6,0 ECTS) This module provides the fundamental concepts of
quantum computers and discusses both basic as well as advanced quantum algorithms and
quantum complexity classes. Moreover, it covers issues related to quantum information,
cryptography, and quantum teleportation. Necessary preliminaries from mathematics
and quantum mechanics are provided also.

Reinforcement Learning (6,0 ECTS) Reinforcement learning is the field of machine
learning that is concerned with the control of time-dependent systems. It can also be
described as stochastic optimal control, or as dynamic programming plus learning. It
can be used with or without models. In this module, the basic data structures such
as Markov decision processes are defined, and the most important learning algorithms
are derived. Furthermore, important theoretic results regarding convergence to optimal
solutions are discussed. In the last part of the class, deep reinforcement learning and
the algorithms that were developed to solve chess, Go, shogi, the Atari 2600 games, and
further computer games are presented. In the tutorial part, algorithms are implemented,
sample problems are solved, and theoretic questions are answered.

Responsible Digital Ethics (6,0 ECTS) This module addresses the critical impor-
tance of responsible digital ethics in the age of pervasive digital systems and increasing
regulatory requirements. Students explore foundational concepts such as trust, fairness,
accountability, digital rights, and ethical design principles. Through lectures, interactive
seminars, and student-led activities, participants engage with real-world challenges and
diverse literature to develop a nuanced, experiential understanding of digital ethics and
their role in fostering ethical digital practices.

SAT Algorithms, Applications and Extensions (6,0 ECTS) Formal verification
techniques for software and hardware systems often rely on Boolean satisfiability (SAT)
solvers, which have already become powerful practical tools for solving a wide range of
problems in formal methods, artificial intelligence, and beyond. This module provides a
deep dive into the algorithms and advanced data structures behind SAT solvers, some
of their practical applications, and their extensions to reasoning beyond propositional
logic, such as solvers for SMT (satisfiability modulo theories), MaxSAT (maximum
satisfiability), and QBF (quantified Boolean formulas). Through a combination of
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insights and hands-on experience with state-of-the-art tools. Topics include core SAT
solving techniques (such as the CDCL algorithm combined with formula simplification
techniques and incremental reasoning), advanced heuristics, and practical applications.
By the end of the module, students will not only understand how SAT and SAT-based
solvers work but also how to apply and extend them to solve new challenging problems.

Seminar in Artificial Intelligence (3,0 ECTS) In the seminar, students work on
literature of a chosen topic in artificial intelligence and present their results in written
and oral form.

Seminar in Logic (3,0 ECTS) In the seminar, students work on literature of a chosen
topic in logic and present their results in written and oral form.

Seminar in Theoretical Computer Science (3,0 ECTS) In the seminar, students
work on literature of a chosen topic in theoretical computer science and present their
results in written and oral form.

Smart Contracts (6,0 ECTS) Smart contracts are cryptocurrency-based, event-driven
computer programs that run on a peer-to-peer network, the blockchain, with the purpose
to automate the exchange of digital assets without the need for an external trusted
authority. This module focuses on blockchains as a distributed programming platform.
It presents the peculiarities of smart contracts, common patterns and pitfalls, security
aspects, as well as the methods and technologies for developing secure smart contracts.

Stochastic Foundations of Cyber-Physical Systems (6,0 ECTS) Modern systems
possessing both computational and physical abilities are called cyber-physical systems
(CPS). They range from the internet of things to the human brain. Automatically
learning a partially-observable CPS-model from input-output data, as well as an optimal
CPS-policy from received rewards, are topics of paramount importance for CPS. This
class provides an in depth coverage of these topics, by navigating trough Bayesian
interpretation of uncertainty, exact and approximate inference in Bayesian networks,
optimality of rational agents, interpretable deep neural networks, supervised learning
of CPS models, and both imitation and reinforcement learning of CPS policies. We
review the latest advances in all these areas, and rehearse them through captivating
homeworks and projects. Finally, we discuss artificial general intelligence as an emerging,
self explaining form of model-based policies, applicable to all types of CPS.

Structural Decompositions and Meta Theorems (6,0 ECTS) This module explores
the relationship between structural decompositions and logical frameworks in algorithmic
problem-solving. The module develops two complementary perspectives: structural
parameters that measure the complexity of input instances and logical frameworks that
can express families of algorithmic problems. These come together in meta-theorems
that establish general conditions for efficient solvability.

Symmetric Cryptography (6,0 ECTS) Symmetric cryptography studies the cryp-
tographic algorithms that secure the bulk of digital data. That includes the AES
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ticated/encryption mechanisms like CTR, CBC, GCM, and CCM (used in the D/TLS
protocol for secure Internet, pseudorandom number generation, storage encryption, etc.),
hash functions like SHA-2 and SHA-3 (used for digital signing, D/TLS, authentication
tokens, password protection, etc.), and novel building blocks (MiMC hash, Poseidon hash,
Merkle trees) that are used in privacy-friendly blockchain and cloud computation proto-
cols. In this module, we examine the security rationale for all those designs both from a
theory and a practical perspective. Furthermore, we demonstrate attack vulnerabilities
and reason security in the provable security theoretical framework.

Theoretical Foundations and Research Topics in Machine Learning (6,0 ECTS)
Machine learning enables computers to learn from data and make intelligent decisions.
Through a combination of theoretical analysis and practical applications, this module
provides a rigorous introduction to the theoretical aspects of machine learning. Students
will develop the ability to prove key results in learning theory, analyze and compare
machine learning algorithms, and apply them effectively. Additionally, the module will
enhance the students’ ability to critically engage with the machine learning literature
and present some of the latest developments in the field.

Theoretical Foundations of Deep Learning (6,0 ECTS) Deep learning surpasses
human accuracy in classification tasks and outperforms champions in games like Go. As
its applications grow, practitioners have identified key properties behind its effectiveness,
such as early layers resembling dictionary learning, and deeper layers encoding invariance
to transformations. This module explores emerging mathematical theories that explain
these observations.

Theory of Graph Data (6,0 ECTS) Graph-structured data is becoming an increasingly
prominent method for storing and then providing sophisticated access methods for
information with complex structure, especially in scenarios where it is difficult to come
up with a strict database schema required in traditional relational databases. This data
model is at the core of recent technologies likes knowledge graphs, property graphs, RDF
graphs, and graph databases. Modeling and design, integrity maintenance, as well as
querying answering in graph-structured data are quite different from the analogous tasks
for standard relational database, which is due to the different use-cases and requirements
in the context of graph-structured data. The goal of this module is to provide a solid
understanding of the foundations of various methods and techniques for graph-structured
data, which will enable the students to compare their uses, limits and possibilities.
Studying these foundations through the lens of database theory, computational logic,
and computational complexity, the students will achieve an understanding that abstracts
from the concrete existing implementations and official standards, enabling them to
effectively leverage the potential of existing technologies.

Virtual and Augmented Reality (6,0 ECTS) This module introduces virtual and
augmented reality (VR/AR). Students gain basic knowledge via VR/AR hardware and
software, 3D input, output methods, and user-specific aspects. In addition, psychological
and basic neuroscience aspects are presented to help students understand the importance
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current research areas and applications in order to provide students with the technical
and scientific skills to design and develop VR/AR applications. The module also aims to
provide a deeper understanding of design methods, production methods, reception, and
use of concrete forms of VR/AR systems.

§ 6 Courses
The subject areas of the modules are conveyed through courses. The courses of each
module are specified in the respective module description in Appendix A. Courses are
assessed through examinations as defined in the UG. The types of course assessments
are defined in the examination regulations (Paragraph § 7).

Requirements for courses and examinations from the Federal Act on
the Organisation of Universities and their Studies (Universities Act
2002 – UG)
Before the start of each semester, an electronic directory of courses must be published
(title, name of the lecturer, type, form including location and dates of the course). This
directory is to be continuously updated. In addition to the published directory, the
lecturers of a course must inform the students - before the start of each semester - in
an appropriate manner about the objectives, form, content, dates, and methods of their
courses as well as the content, form, methods, dates, assessment criteria, and assessment
standards of the examinations. For examinations conducted as a single examination
event, at least three examination dates per semester must be scheduled (according to
the statute at the beginning, middle, and end), and students must be informed about
the content, form, methods, dates, assessment criteria, and assessment standards of
the examinations before the start of each semester. For examinations conducted using
electronic communication tools, proper conduct of the examination must be ensured, in
addition to the general examination regulations, the following minimum requirements
must be met:

• Prior to the beginning of the semester, students must be informed about the techni-
cal standards that their equipment must meet to participate in these examinations.

• To ensure the independent completion of the examination by the student, technical
or organizational measures must be implemented.

• If technical problems occur not caused by the student, the examination must be
aborted and not counted towards the permissible number of examination attempts.

Guidelines for Courses from the Statutes of TU Wien
In the following context, SSB stands for Satzung der TU Wien, Studienrechtliche Bes-
timmungen (Statutes of TU Wien, Study Law Provisions)
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§ 9 (2) SSB - Modules and Courses
• Courses can an be held as “block courses” with the approval of the governing body

responsible for study matters. cf. § 9 (3) SSB - Modules and Courses
• Courses and exams can be conducted in a foreign language with the approval of the

governing body responsible for study matters. cf. § 11 (1) SSB - Foreign Languages
• Course exams serve as proof of the learning outcomes conveyed by an individual

course. cf. § 12 (1) SSB - Course Exam
• Course exams must be conducted by the course instructor. If necessary, the

governing body responsible for study matters can appoint another suitable examiner.
cf. § 12 (2) SSB - Course Exam

• For exams ending in a single examination act, three exam dates must be set for
the beginning, middle, and end of each semester. These dates must be announced
before the start of the semester. cf. § 15 (1) SSB - Exam Dates

• Exams can be conducted at the beginning and end of non-teaching periods. cf. §
15 (1) SSB - Exam Dates

• Exam dates must be announced in an appropriate manner. cf. § 15 (1) SSB -
Exam Dates

Description of Course Types
VO (Lecture): Courses where the content and methods of a subject are presented,

focusing on specific issues, concepts, and solutions. Exams are conducted in a
single act. The exam type (written, oral, or both) must be specified in the module
description. No attendance requirement, but achievement of learning outcomes
must still be ensured.

EX (Excursion): Courses held outside TU Wien. They aim to deepen the learning
content in the respective local context.

LU (Laboratory Exercise): Courses where students solve experimental tasks either
individually or in groups under the guidance off a supervisor, in order to learn how
to handle equipment and materials as well as the experimental methodology of the
subject. The experimental facilities and workplaces are provided.

PR (Project): Courses where students deepen and complement their understanding of
specific areas by solving concrete experimental, numerical, theoretical, or artistic
tasks. Projects are aligned with the qualification profile of the programme and
supplement professional or scientific training.

SE (Seminar): Courses where students work on a given topic or project using scientific
methods, involving reflection on problem-solving and scientific discourse.

UE (Exercise): Courses where students work on specific tasks (e.g., computational,
constructive, artistic, or experimental) under professional guidance to develop their
skills and abilities in applying knowledge to concrete tasks.
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the exercise and lecture parts must each constitute at least a quarter of the total
course content. The exercise part is always continuously assessed, while the lecture
part can be assessed through a single exam act or continuously. It is not permissible
to asses the entirety of the course in a single examination act.

Course and Exam Descriptions in the Information System for Studies
and Teaching

• Course type (VO, EX, LU, PR, SE, UE, VU)
• Form (Presence, Online, Hybrid, Blended)
• Dates (Including necessary attendance for successful completion)
• Contents (Description of contents, prerequisites)
• Literature references
• Learning Outcomes (Comprehensive description of learning outcomes)
• Methods (Description of methods in alignment with learning outcomes and perfor-

mance assessment)
• Performance Assessment (In alignment with learning outcomes and methods)

– Indication of partial achievements, indicating which can be retaken. This
point does not apply to VO courses.

• Exams:
– Contents (Description of contents, literature)
– Form (Presence, Online)
– Exam Type and Mode:

∗ Type VO: Written, oral, or both;
∗ Other types: Indication of partial achievements including type and mode

related to the course´s pursued learning outcomes.
– Dates (Indication of dates)
– Assessment Criteria and Standards

§ 7 Examination Regulations
For the completion of the Master’s program, the following are required:

1. the successful completion of the modules prescribed in the curriculum, where a
module is considered successfully completed if the courses attributable to it have
been successfully completed according to the module description,

2. the completion of a successfully evaluated master’s thesis, as well as the successful
completion of the course Seminar für Diplomand_innen, and

3. the successful completion of the committee-based final exam, which is conducted
orally before an examination committee pursuant to § 13 and §19 of the Study Law
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thesis and to demonstrate the candidate’s command of the relevant scientific field.
Particular emphasis should be placed on understanding and overview knowledge.
The prerequisites for registering for the committee-based final exam pursuant to §
17 Abs.1 of the Study Law Provisions of the Statutes of TU Wien are fulfilled if
items 1 und 2 have been completed.

The final certificate includes:

(a) the exam subjects with their respective scope in ECTS credits and grades,

(b) the topic and grade of the master’s thesis,

(c) the grade of the committee-based final exam,

(d) the overall assessment, and

(e) upon request, the overall grade of the completed program according to § 72a UG..

The grade for the subject “Master’s Thesis” is derived from the grade of the thesis. The
grade for each other exam subject is calculated as the weighted average of the grades from
the courses assigned to the subject through the corresponding modules. The weighting
is based on the ECTS credits of each cours. If the resulting average includes a decimal
of 0.5 or less, it is rounded down; if it is greater than 0.5, it is rounded up. If no exam
subjects is graded worse than “good” and at least half are graded “very good,” the overall
assessment is “passed with distinction”; otherwise, the assessment is “passed.”

Courses of type VO are assessed based on a final oral and/or written exam. All other
courses have continuous assessment, i.e., ongoing performance checks and optionally a
final partial exam.

The successful completion of exams and scientific as well as artistic works is graded
as “very good” (1), “good” (2), “satisfactory” (3), or “sufficient” (4), whereas failure is
graded as “unsatisfactory” (5). For courses where a differentiated grade is not applicable,
the assessment is recorded as either “successfully participated” (E) or “unsuccessfully
participated” (O).

§ 8 Feasibility of Studies and Mobility
Students in the Master’s program Logic and Artificial Intelligence should be able to
complete the programme within the prescribed period with a reasonable amount of effort.

Students are advised to follow the recommended semester plan provided in the appendix
C.

The assessment and attendance modalities for courses of types UE, LU, PR, VU, SE,
and EX are to be established within the framework of teaching agreements with the
governing body responsible for study matters and published in the information system for
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assessments, reference is made to the academic regulations in the univesity statutes.

In accordance with UG § 58 para. 8, every course with limited number of participants,
where a student´s intended participation cannot be accommodated and this has the
potential to delay the student´s progress, must be listed in the curriculum along with
the number of available places and the allocation procedure. The courses affected, as
well as the number of places and the allocation process, must be determined by the
Study Committee and clearly and understandably presented to students in the module
descriptions.

Course instructors are authorized to grant exceptions to the participation restrictions
for their courses.

The recognition of academic achievements completed abroad is to be carried out by
the governing body responsible for study matters (Dean of Studies).
The options listed in Statutes - Study Law Provisions § 27 Abs. 1 bis 3 are available to
facilitate mobility. In individual cases, these provisions can also be used to improve the
feasability of studies.

ECTS credits earned as part of a mobility program can be used to fulfill te required
transferable skills in the module “Free Electives and Transferable Skills” to the appropriate
extent. In particular, such exams are assigned to the category “Diversity Management”
and thus to the pool of technology assessment, technology genesis, scientific ethics, gender
mainstreaming and diversity management.

When assessing the essential differences in the acquired competencies of courses or
modules completed during mobility, it is recommended to focus on technical competencies.

If a course without an explicitly regulated admission procedure faces an unexpected
surge in demand, the course instructor may impose participation restrictions in consulta-
tion with the academic authority. Students admitted to the Master’s programme Logic
and Artificial Intelligence who would face a delay in their studies due to non-participation
must in any case be accepted. The allocation of any remaining places shall be governed
by the following criteria (in descending order of priority):

• Students who meet the formal and substantive prerequisites shall be given prior-
ity. The substantive prerequisites may be verified, for example, on the basis of
examinations already completed or by means of an entrance test.

• Among these students, using the course as a mandatory course has priority over
using it as an elective, and using it as an elective has priority over using it as a
free elective.

• Within each of these three groups, students who were rejected in an earlier semester
despite meeting all prerequisites shall be given preference.

Students must be informed of this as soon as possible.
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The thesis is a artistic-scientific work that serves to demonstrate the ability to handle a
topic autonomously processed in a manner that is reasonable in terms of content and
methodology.
The topic of the thesis is freely chosen by the student and must be in line with the
qualification profile. The examination subject of the master’s thesis encompasses 30

ECTS credits and includes, in any case, the scientific work (thesis) evaluated at 27 ECTS
credits, a seminar for thesis candidates worth 1,5 ECTS-credits and the committee final
examination worth 1,5 ECTS-credits.

§ 10 Academic Degree
Graduates of the Master’s program Logic and Artificial Intelligence are awarded the
academic degree “Diplom-Ingenieur”/“Diplom-Ingenieurin” – abbreviated as “Dipl.-Ing.”
or “DI” (abbreviated as “Master of Science”).

§ 11 Quality Management
The quality management of the Master’s program Logic and Artificial Intelligence ensures
that the program is designed consistently in accordance with the study-related quality
objectives of TU Wien and is executed efficiently and effectively as well as regularly
reviewed. The program´s quality managementfollows the Plan-Do-Check-Act model
based on standardized processes and is designed to be target-group-oriented. The target
groups of quality management are, internally, the students and the teaching staff, and
externally, society, economy, and administration, including the labor market for graduates.

Taking into account the defined target groups, six objectives are established for the
quality of academic programs at TU Wien: (1) Ensuring the relevance of the qualification
profile for society and the labor market. (2) Appropriately designed learning outcomes
in the modules of the curriculum, supporting the qualification profile. (3) Appropriately
selected learning activities and methods to achieve learning outcomes. (4) Appropriate
assessment methods to verify the achievement of learning outcomes. (5) Ensuring
conditions for the feasibility of study plans. (6) Ensuring that the teaching staff possesses
the subject-specific and time resources to ensure high-quality teaching.

To ensure the quality of the academic programs, progress in planning, development,
and assurance of all six quality objectives is collected separately and published. Quality
assurance verifies the achievement of these objectives. For the assessment of the first and
second quality objectives, the study committee (Studienkommission) conducts at least
one review of the qualification profile and module descriptions per term of office. Ongoing
evaluations by students, as well as individual feedback on the academic operation to
the governing body responsible for study matters, provide a comprehensive picture of
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which appropriate adjustments are derived and implemented in coordination between the
governing body responsible for study matters, study committee, and course instructors.
The sixth quality objective is covered by quality-assurance instruments in the personnel
area. In addition to internal quality assurance, external evaluation of the studies is
conducted every seven years.

Each module has a module coordinator responsible for the content coherence and quality
of the courses assigned to the module. This responsibility is ensured through cyclical
checks, content alignment with preceding and subsequent modules, and comparison with
similar courses or modules at other universities, both domestic and international.

Course Capacities
To ensure the quality of course delivery, the following group sizes serve as a guideline for
the different types of courses (see page 22):

Group Size
Course Type per Lecturer per Tutor

VO 100
UE with Tutors 30 15
UE 15
LU with Tutors 20 8
LU 8
EX, PR, SE 10

For courses of type VU, the group sizes for VO and UE are applied to the lecture
and exercise parts, respectively. The assignment of instructors is made according to the
actual course delivery.

Gender, Ethics and Diversity

Context: To create teaching and learning environments in which all students — regardless
of gender, origin, abilities, or social background — are equally valued, supported, and
challenged, inclusive teaching based on diversity-sensitive didactics is required. This
cannot be handled in separate, standalone courses but must be implemented at all levels
of the program — as an “Embedded Gender, Ethics and Diversity” approach.

This includes the integration of ethical and societal topics into the curriculum, as well
as engagement with these topics in every course. In this way, conditions can be created
that enable a discrimination-free learning environment. This also includes measures
against discrimination and harassment, for example through explicit codes of conduct.

Curriculum content: Inclusivity and diversity are promoted by incorporating different
perspectives in all courses, drawing on a wide spectrum of authors and role models. Ethical
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aspects and social impacts in lectures and exercises, for example through discussions of
these topics. Additionally, reference is made to the offerings of the TU Wien Department
for Gender Competence, which issues the certificate Gender and Diversity Competence
for completing an additional course catalog.

Teaching methods: Teaching methods promote gender inclusivity and diversity and
create a learning environment in which all students feel equally welcome. This includes,
among other things, the use of inclusive, bias-free language to avoid reinforcing stereotypes;
teaching materials with examples, case studies, or visual materials that reflect our diverse
society; conducting courses in a format suitable for people with different abilities to
ensure equal participation; and the inclusion of guest speakers from diverse backgrounds.

§ 12 Entry into Force
This curriculum enters into force on 1. Oktober 2026.

§ 13 Transitional Provisions
All valid transitional provisions are listed in Appendix B of the curriculum.
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The lectures associated with the modules are listed in the following format:
9,9/9,9 XX Titel of the course

Where the first number represents the scope of the course in ECTS credits, and the second
number represents its extent in semester hours. ECTS credits measure the student´s
workload, with one academic year comprising 60 ECTS credits, and one ECTS credit
equivalent to 25 hours of 60 minutes each. A semester hour corresponds to as many
teaching units as the semester has weeks of instruction. Each teaching unit lasts 45
minutes. The type of lecture (XX) is explained in detail in the paragraph § 6 on page 22.

Abstract Argumentation

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to:

• explain the fundamental concepts of formal argumentation;
• apply the methodology of formal argumentation to selected research topics; and
• apply established methods from the field of knowledge representation to a new

formalism.

Non-technical competencies: Students learn how to contribute to scientific research within
a team of experts.

Content:

• Dung’s abstract argumentation frameworks;
• semantics for abstract argumentation;
• properties and complexity of argumentation;
• algorithms and ASP and (Q)SAT encodings; as well as
• generalizations of Dung’s abstract argumentation frameworks.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Abstract Argumentation
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Workload for the module: 6,0 ECTS

Learning Outcomes: This module expands the students’ basic knowledge and skills in
the area of cryptography.
Technical competencies: Upon successful completion of this module, students are able
to describe topics and concepts (see below) in cryptography, which form the basis for
interacting in a privacy-preserving way in the digital world; they are capable of evaluating
systems and analyzing their security by applying the provable-security framework and
its extensions.
Non-technical competencies: Students learn to argue in a rigorous way, by first modeling
desired notions and then giving formal guarantees (e.g. by using the complexity-theoretic
notion of “proofs by reduction”) against adversaries whose attack strategies are unknown
to the system designer. Furthermore, students are able to identify and discuss ethical
questions in the context of cryptography.

Content:

• Provable security, the random-oracle model;
• elliptic-curve-based cryptography;
• zero-knowledge and succinct proof systems;
• secure multi-party computation;
• post-quantum (lattice-based) cryptography.

Expected prerequisites: Knowledge of the basic concepts of cryptography in symmetric
and public-key encryption and authentication as well as familiarity with the concept of
provable security.
These prerequisites are taught in the module Einführung in Kryptographie

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Advanced Cryptography

Advanced Privacy Enhancing Technologies

Workload for the module: 6,0 ECTS

Learning Outcomes: Upon successful completion of this module, students are able to
critically analyze privacy risks in data processing systems and apply cryptographic and
information-theoretic methods to enhance privacy. They are able to design solutions using
techniques such as secret sharing, differential privacy, and secure multiparty computation,

30



EN
TW

UR
Fand evaluate their effectiveness in practical scenarios. Additionally, they can compare

different approaches to privacy-preserving data analysis and, time permitting, implement
basic mechanisms for privacy protection in machine learning applications. This knowledge
equips students to develop privacy-enhancing technologies that balance data utility with
strong privacy guarantees in AI-driven and data-intensive domains.
Technical competencies: Students are able to analyze, design, and evaluate advanced
privacy-enhancing technologies such as secret sharing, differential privacy, and secure
multiparty computation, and apply them in modern application contexts.
Non-technical competencies: Students are able to transfer and adapt methods of privacy-
enhancing technologies to new domains, critically assess their applicability, and commu-
nicate technical concepts effectively across interdisciplinary teams.

Content:

• Definitions of confidentiality and introduction of the concepts;
• secret sharing;
• differential privacy;
• secure multi-party computation;
• machine learning and privacy.

Expected prerequisites: Students are expected to know the fundamentals of IT security,
cryptography, provable security, and privacy-enhancing technologies.
These prerequisites are taught in the bachelor modules

• Einführung in Kryptographie;
• Einführung in Security; and
• Privacy-Enhancing Technologies.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Advanced Privacy Enhancing Technologies

Advanced Reinforcement Learning

Workload for the module: 6,0 ECTS

Learning Outcomes: This module provides more advanced insights into reinforcement
learning, one of the main fields of machine learning.
Technical competencies: After successful completion of the module, students are able to:

• explain the advanced theory of reinforcement learning;
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• apply advanced reinforcment algorithms to realistic problems.

Non-technical competencies: Students acquire the ability to understand advanced meth-
ods for machine learning and artificial intelligence and to solve complex problems in
(stochastic) optimal control. Furthermore, students will be able to identify, articulate,
and discuss issues concerning ethics, gender, and diversity in the context of the module’s
content.

Content:

• Distributional reinforcement learning;
• distributional deep reinforcement learning;
• convergence proofs in non-distributional reinforcement learning;
• convergence proofs in distributional reinforcement learning.

Expected prerequisites: Students should already have familiarity with basics of
reinforcement learning.
These prerequisites are taught in module Reinforcement Learning.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Advanced Reinforcement Learning

Advanced Research in Algorithmics

Workload for the module: 6,0 ECTS

Learning Outcomes: Through a combination of theoretical analysis and practical
exploration, the course delves into advanced techniques for designing algorithms and
analyzing their complexity.
Technical competencies: Students will learn how to

• identify and tackle new and familiar research situations,
• explain and model new computational problems,
• read and understand scientific publications,
• identify relevant research questions for concrete problems in algorithms and com-

plexity,
• carry out independent scientific research on concrete problems in algorithms and

complexity,
• cooperate with other team members and with advisors on research,
• present their results in a clear and concise manner, both orally and in writing, and
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Non-technical competencies: Students will be able to perform

• formal reasoning and critical analysis of algorithmic approaches,
• structured problem-solving in complex, research-oriented contexts,
• abstract modeling of computational and optimization problems,
• evaluation of trade-offs between solution quality, efficiency, and resource usage, and
• have awareness of ethical, fairness, and societal issues in algorithmic decision-

making.

Content: The module introduces students to research-oriented work in algorithmics.
Students engage with the topics through literature review, critical analysis, the develop-
ment of preliminary research ideas. Additional technical results and methods useful for
tackling the individual topics may be supplied by the advisors and lecturers.

The research topics come from a range of areas such as computational social choice,
algorithmic game theory, computational geometry, graph algorithms, and approximation
techniques.

Representative topics include:

• voting rules and algorithmic aspects of elections;
• cooperative games and coalition formation in multi-agent systems;
• resource allocation and fair division algorithms;
• complexity and approximation of computationally hard problems such as clustering;
• geometric problems such as convex hulls, proximity graphs, and low-dimensional

embeddings; and
• graph drawing problems such as planarization and crossing minimization.

Expected prerequisites: Good knowledge from algorithmics and complexity analysis.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Effiziente Algorithmen (recommended);
• Algorithmics; and
• Complexity Theory.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Advanced Research in Algorithmics
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Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with the various ethical challenges and topics
arising in the context of AI. Besides an in-depth introduction to ethical frameworks
and AI ethics themes, the module focuses on the development of critical reflection and
argumentation/discussion skills.
Technical competencies: After successful completion of the course, students are able to:

• explain and summarize central concepts and problems in AI ethics (e.g., AI align-
ment, algorithmic bias);

• describe fundamental ethical theories (e.g., utilitarianism, care ethics) and illustrate
their application to AI ethics topics through examples;

• analyze and construct a critical ethical reflection on central technical and philo-
sophical challenges in AI ethics (e.g., fairness, sustainability, AI alignment);

• formulate and defend clearly structured, state of the art informed arguments on
key AI ethics questions (e.g., the right to explanation, data privacy), engaging with
counterarguments; and

• justify the importance of ethical reflection in AI development, using ethical reflection
and/or case studies to support claims.

Non-technical competencies: Students will acquire critical thinking skills that are strongly
rooted in humanity studies. They will also learn how to study text on policy, law, and
regulations concerning AI.

This course will address ethics, gender, and diversity in the following ways: The main
purpose of the course is for students to develop critical reflection skills on ethical aspects
of AI, this includes obtaining a broad an diverse overview of various perspectives on
ethical challenges. It reflects explicitly on questions of gender and diversity in terms of
fairness and bias both in ethics and in AI. Furthermore, the literature for the course is
aimed at reflecting diverse backgrounds too.
Content:

• Novel ethical challenges in AI such as disinformation, explainability, sustainability,
data-privacy, autonomy;

• methods such as embedded ethics, multi-scale ethics, AI ethics audits, AI alignment,
human-in-the-loop AI;

• ethical theories including consequentialism, utilitarianism, virtue ethics, deontology,
care ethics, and critical methods such as feminist ethics.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU AI Ethics
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Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with systematic approaches to encode hard
computational problems into well-studied target formalisms.
Technical competencies: Students gain comprehensive knowledge of encoding techniques
and solving strategies. They learn to develop correct and efficient encodings for complex
problems and verify their solutions through formal methods.
Non-technical competencies: Students acquire the ability to abstract computational prob-
lems into formal representations and analyze solution approaches through mathematical
reasoning. Furthermore, students will be able to identify, articulate, and discuss issues
concerning ethics, gender and diversity in the context of algorithmic encoding techniques
and their applications.
Content:

• Encoding strategies for target formalisms, including eager and lazy approaches;
• local consistency and propagation;
• static and dynamic symmetry-breaking techniques for improving solving efficiency;
• correctness certification methods for encodings and solutions;
• incremental solving techniques for dynamic problem instances;
• encodings for parallel solving and portfolio-based approaches.

Expected prerequisites: A solid understanding of algorithms and logic is required.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Discrete Mathematics; and
• Algorithmics (strongly recommended).

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Algorithmic Encoding Techniques

Algorithmic Geometry

Workload for the module: 6,0 ECTS
Learning Outcomes: This module introduces fundamental efficient algorithms and
data structures for combinatorial geometric problems.
Technical competencies: Students will learn to
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• design and analyze geometric algorithms and data structures,
• model geometric problems and adapt known algorithms and data structures to new

problems, and
• investigate unknown geometric problems and develop new algorithmic solutions.

Non-technical competencies: Students will be able to

• perform formal reasoning, correctness proofs, and proofs of asymptotic time com-
plexity of algorithms,

• structured analysis of computational problems,
• abstract problem modelling,
• judge trade-offs between time and space complexity, and
• being aware of possible ethical, gender, and diversity issues in the context of

geometric data processing.

Content: The module content covers fundamental techniques and algorithms for geo-
metric problems including

• basic geometric algorithms for computing convex hulls, polygon triangulations, and
segment intersections,

• data structures for orthogonal range searching, windowing queries, and point
location queries,

• Voronoi diagrams and Delaunay triangulations,
• point-line duality,
• distance approximation,
• geometric shortest paths and robot motion planning, and
• sweep-line algorithms and randomized incremental constructions.

Expected prerequisites: Extended knowledge of algorithms and data structures.
These prerequisites are taught in the following recommended modules:

• Effiziente Algorithmen
• Algorithmics

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Algorithmic Geometry
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Workload for the module: 6,0 ECTS
Learning Outcomes: The module provides a comprehensive overview of algorithmic
and computational approaches to collective decision-making and social choice problems.
Technical competencies: Students will learn to:

• explain fundamental concepts in voting theory, fair division, and matching problems
• analyze computational properties and complexity results in social choice settings
• design and evaluate algorithms for collective decision-making processes
• model social choice problems formally and propose algorithmic solutions

Non-technical competencies: Students develop interdisciplinary skills by tackling problems
at the intersection of economics, social choice theory, and computer science. They explore
diversity-related dimensions of algorithmic decision-making, analyzing how different
voting rules, matching algorithms, and fair division procedures can advantage or disad-
vantage various social groups. Issues of gender representation and fairness are considered
as specific aspects of diversity in algorithmic decision-making. The module emphasizes
the design of algorithms that are not only efficient, but also equitable and sensitive to
diverse needs.
Content:

• Aggregating preferences (rank aggregation) and voting
• Preference domain restrictions
• Matching under preferences
• Algorithmic mechanism design
• Cake cutting protocols
• Fair allocation of resources
• Judgment aggregation

Expected prerequisites: Knowledge from algorithmics and complexity analysis.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen
• Effiziente Algorithmen
• Algorithmics
• Complexity Theory

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Algorithmic Social Choice
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Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with advanced algorithmic methods and their
theoretical analysis for solving complex computational problems.
Technical competencies: Students gain comprehensive knowledge of algorithm design
principles and analysis techniques. They learn to develop theoretical solutions for
computational problems and prove their correctness using mathematical methods.
Non-technical competencies: Students acquire the ability to align theoretical and practical
aspects of algorithms. Furthermore, students will be able to identify, articulate, and
discuss issues concerning ethics, gender, and diversity in the context of the module’s
content.
Content:

• Advanced algorithmic methods and complexity analysis, including asymptotic
analysis and computational complexity theory;

• graph theory and algorithms, structural decompositions, and planarity theory;
• mathematical optimization techniques, including linear programming theory and

modelling; and
• advanced algorithm design paradigms and theoretical frameworks, including geo-

metric algorithms, approximation theory, and randomization.

Expected prerequisites: A good understanding of basic algorithms and data structures
and methods to analyze them.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Effiziente Algorithmen; and
• Discrete Mathematics.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Algorithmics

Algorithms for Data Science

Workload for the module: 6,0 ECTS
Learning Outcomes: This module introduces fundamental algorithms and their analysis
for analyzing large amounts of data.
Technical competencies: After successful completion of the module, students are able to
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• implement and use data science algorithms on real-world datasets,
• select an appropriate algorithm for a given data science problem,
• explain how randomization can be exploited to obtain more efficient algorithms

in order to build and analyze highly efficient data processing pipelines for analyzing large
amounts of data.
Non-technical competencies: Students acquire the ability to understand methods for algo-
rithmically identifying and exploiting properties of data in various domains. Furthermore,
students will be able to identify, articulate, and discuss issues concerning ethics, gender,
and diversity in the context of the module’s content.
Content:

• Graph analysis and graph mining (e.g., densest subgraph, arboricity, triangle
counting, sublinear-time estimation of Personalized PageRank);

• similarity and nearest neighbor search (e.g., min-hash, locality sensitive hashing);
• streaming algorithms (e.g., heavy hitters, reservoir sampling);
• clustering (e.g., k-Means++, coresets);
• dimensionality reduction (e.g., Johnson–Lindenstrauss lemma, feature hashing,

subspace embeddings);
• matrix factorizations and their applications (e.g., singular value decomposition

for community detection in random graphs, non-negative matrix factorization,
DeepWalk, node2vec).

Expected prerequisites: Knowledge of theoretical algorithm analysis and basics of data
science. A good understanding of probability theory and linear algebra is an advantage.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen and
• Algorithmics.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Algorithms for Data Science

Algorithms in Graph Theory

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with algorithmic aspects of graph theory from
a theoretical perspective.
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and structures in graph theory. They learn to describe and design algorithms for
fundamental graph problems while developing theoretical foundations for their analysis.
Non-technical competencies: Students acquire the ability to combine structural properties
of graphs with algorithm design and analysis. Furthermore, students will be able to
identify, articulate, and discuss issues concerning ethics, gender, and diversity in the
context of the module’s content.

Content:

• Matching algorithms and theory;
• planarity testing, embeddings, and algorithms for planar graphs;
• graph width measures and their relationship;
• algorithms for sparse graph classes.

Expected prerequisites: A solid understanding of algorithms, data structures, and
graph theory is required.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Effiziente Algorithmen;
• Discrete Mathematics; and
• Algorithmics (strongly recommended).

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Algorithms in Graph Theory

Applied Generative AI and LLM-based Systems

Workload for the module: 6,0 ECTS

Learning Outcomes: This module builds on foundational knowledge of generative AI to
explore advanced architectural concepts, emerging research directions, and sophisticated
integration patterns, with an emphasis on practical implementation and project-based
learning.
Technical competencies: After successful completion of the module, students are able to:

• explain internal dynamics, trade-offs, and efficient adaptation (e.g., quantization-
aware training, parameter-efficient fine-tuning) of modern transformer and diffusion
models;
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ing, context augmentation, and retrieval-based improvements; and
• implement, deploy, evaluate, and monitor advanced generative AI systems beyond

chatbots for business integration.

Non-technical competencies: After the module, students are able to explain the trade-offs
between cloud-based and on-premises generative AI solutions, particularly in terms of
performance, compliance, and ethical dimensions. They will also be able to assess and
communicate the ethical implications of generative AI systems, including transparency,
privacy, and bias. Furthermore, students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.
Content:

• Modern Generative AI Architectures and Paradigms: Foundations of modern gen-
erative AI, such as Transformer and Diffusion Architectures. Advanced paradigms
including mixture of expert models and diffusion transformers.

• Generative AI in Practice: Advanced model optimization techniques including
distillation and pruning strategies, parameter-efficient fine-tuning techniques. Inte-
gration/interface patterns of generative AI like augmentation strategies, function
calling and tool use, or agentic behavior. Introduction to transparency, explainabil-
ity, and corrigibility requirements and responsible development practices including
output monitoring, content filtering, and safety measures.

• Implementation of Applied Generative AI: Applications of applied generative AI
across a range of domains, such as modular text assessment in latent space using
LLMs, embedding strategies for retrieving chunked legal documents, privacy-aware
document re-purposing, and others.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Applied Generative AI and LLM-based Systems

Automata and Logic

Workload for the module: 6,0 ECTS
Learning Outcomes: This module explores the deep connections between automata,
logic, and algebra, providing a unified framework for analyzing and reasoning about
languages, systems, and their properties.
Technical competencies: The focus is on general principles, emphasizing conceptual
connections and providing tools for analyzing languages, systems, and their properties
through the lenses of automata, logic, and algebra. Students will learn both theoretical
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and mathematics.
By the end of this module, students will

• understand how automata, logic, and algebra are interrelated and reinforce one
another,

• use logic to specify and reason about formal languages and systems,
• apply algebraic structures to analyze and classify automata and languages,
• explore the extension of automata and logic to infinite behaviors and temporal

properties, and
• gain insight into how these theoretical tools can be applied in various fields, including

verification, synthesis, and computational mathematics.

Non-technical competencies: This module fosters interdisciplinary competencies by com-
bining mathematical rigor, logical reasoning, and algebraic techniques to analyze and
model computational systems. Students will learn to bridge theoretical and applied
perspectives, enabling them to apply automata, logic, and algebraic methods across
diverse domains like verification, synthesis, and formal reasoning. Furthermore, students
will be able to identify, articulate, and discuss issues concerning ethics, gender, and
diversity in the context of the module’s content.
Content: The module covers core topics, including:

• finite automata and their relationship to regular languages;
• logical formalisms, such as propositional and monadic second-order (MSO) logic,

and their connection to automata;
• algebraic structures (e.g., monoids, semirings) and their role in automata theory

and formal languages;
• extensions of automata for infinite behaviors and their connections to temporal

logics; and
• applications of automata, logic, and algebra in verification, synthesis, and formal

reasoning.

Expected prerequisites: A background in discrete mathematics and a basic under-
standing of formal languages is recommended.
These prerequisites are taught in the following modules:

• Algebra und Diskrete Mathematik
• Theoretische Informatik

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Automata and Logic
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Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with algorithmic techniques and fundamental
results in first-order theorem proving for logic with equality.
Technical competencies: After successful completion of the module, students are able
to address the theoretical and practical aspects for devising algorithmic procedures for
automated reasoning in first-order logic with equality.
Non-technical competencies: Students acquire the ability to understand, apply and use
automated deduction methods, in particular within first-order theorem proving tools.
Content:

• Resolution and superposition calculi for first-order logic with equality;
• unification algorithms;
• redundancy checking methods for efficient reasoning;
• saturation-based proof search ;
• inference processes;
• experiments and projects with theorem provers;
• recent advancements in research in theorem proving.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Automated Deduction

Beyond Exact Algorithms

Workload for the module: 6,0 ECTS
Learning Outcomes: This module introduces randomized and approximation algorithms
as efficient alternatives to exact algorithms, focusing on their design, analysis, and
applications.
Technical competencies: After successful completion of the module, students are able to

• explain the principles and design goals of randomized and approximation algorithms,
• understand the basic strategies for designing such algorithms,
• design and analyze randomized algorithms with probabilistic performance guaran-

tees,
• design and analyze approximation algorithms with provable solution quality bounds,
• understand the mathematical foundations and formal analysis techniques for the

above,
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and
• investigate new problems and develop novel randomized or approximate solutions.

Non-technical competencies: Students are able to perform

• probabilistic reasoning and structured analysis of algorithmic approaches,
• formal reasoning and basic proofs regarding correctness and efficiency,
• abstract modelling of computational problems,
• critical evaluation of trade-offs between accuracy, running time, and resource

consumption, and
• being aware of ethical, fairness, and societal issues related to approximate and

randomized algorithms.

Content:

• Fundamentals of randomized algorithms: probability theory, expected values,
concentration bounds, and others;

• key techniques in randomization such as Monte Carlo methods, random walks, and
Markov chains;

• applications of randomization such as sorting, hashing, Bloom filters, linear pro-
gramming;

• approximation algorithm design techniques such as greedy algorithms, linear pro-
gramming relaxation, random rounding;

• analysis of approximation ratios and probabilistic guarantees;
• hardness of approximation;
• case studies and practical applications in various domains.

Expected prerequisites: Knowledge of algorithms and data structures, discrete mathe-
matics, basic probability theory, and complexity theory
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Statistik und Wahrscheinlichkeitstheorie;
• Effiziente Algorithmen; and
• Algorithmics.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Beyond Exact Algorithms
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Workload for the module: 6,0 ECTS
Learning Outcomes: Complexity theory provides tools to characterize the inherent
complexity of problems and, for instance, to formally show that, for a given problem, no
significantly more efficient algorithm can be expected.
Technical competencies: After successful completion of the module, students are able to

• explain fundamental complexity classes and their intuition and
• carry out complexity analyses of problems (in particular in the polynomial hierar-

chy).

Non-technical competencies: Students acquire the ability to analyse problems from
different domains and to identify the main source(s) of the complexity of a given problem.
Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content.
Content: The module covers basic notions of complexity theory, deterministic und non-
deterministic complextiy classes, in particular: the classes L, NL, P, NP, the polynomal
hierarchy, PSPACE, and EXPTIME. We also look inside the class P to study parallelizable
problems. Students get practice with these complexity classes by analysing the complexity
of problems from various applications on various levels of complexity.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Complexity Theory

Computer-Aided Verification

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to

• formally describe systems and specify their correctness using transition relations,
automata, and temporal logic,

• understand state-of-the-art model checking algorithms for verification of systems,
and

• use contemporary model checking tools and implement a proof-of-concept verifica-
tion tool.

Non-technical competencies: After successful completion of the module, students are able
to
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• select relevant techniques and methods for a given problem, and
• critically assess relevant solutions and formalisms.

Content:
• Modeling of hardware and software;
• specification using temporal logic;
• assertions, and automata;
• explicit-state model checking;
• symbolic model checking with BDDs;
• bounded model checking with SAT;
• abstraction-based algorithms such as interpolation and IC3.

Expected prerequisites: Basic knowledge of theoretical computer science (propositional
logic, finite automata); Programming skills.
These prerequisites are taught in modules

• Theoretische Informatik
• Einführung in die Programmierung

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Computer-Aided Verification

Critical Algorithm Studies

Workload for the module: 6,0 ECTS
Learning Outcomes: This module explores the ethical, social, and political dynamics
of algorithmic systems, critically examining their impact on society and the associated
challenges.
Technical competencies: After successful completion of the module, students are able to
understand fundamental concepts of algorithmic systems, including bias, fairness, trans-
parency, and accountability, as well as strategies to mitigate harms such as misinformation,
extremist content, and online harassment.
Non-technical competencies: Students gain the ability to critically analyze the societal
impact of algorithms, evaluate ethical dilemmas in algorithmic systems, and propose
technical or policy-oriented solutions to address trust and safety challenges. Furthermore,
students will be able to identify, articulate, and discuss issues concerning ethics, gender,
and diversity in the context of the module’s content.
Content:
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• algorithmic imaginaries and future scenarios;
• bias, fairness, and accountability in algorithmic decisions and design;
• technical solutions to harmful online behavior, such as detection and intervention

methods;
• ethical and legal frameworks guiding algorithmic systems; and
• applications of trust and safety practices to real-world challenges, including com-

bating misinformation and extremist/terrorist content.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Critical Algorithm Studies

Critical Theory and Design

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to:

• name and explain historical and current day approaches to critical theories as
presented in class

• assess technologies using critical lenses regarding different axes of power such as
gender, class, race, disability & colonialism

• explain classical work of critical and speculative design
• assess different goals and methods of critical design
• analyse and discuss the potential societal effects and impacts of technologies
• plan and construct technological artifacts and/or audiovisual media by applying

critical design as a form of answering such questions

Non-technical competencies:

• identify and argue for design changes to technological development in front of a
technical audience

• assess and position academic and general media publications critiquing technologies
• present their assessment in a written manner that is grounded in the literature

presented in class
• articulate valid critical questions concerning the future of technology in society

Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content.
Content:
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• discussion of different critical theories along different schools of thoughts
• connecting theoretical concepts to design activities
• focused discussion and analysis of changing topics along current topics relevant to

informatics (e.g., emerging technologies and their assessment)
• practical exercises to develop a critical reflexive practice
• critical design investigations

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Critical Theory and Design

Cryptocurrencies

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able
to describe and analyze the foundations of blockchain technologies, including the basic
concepts (mining, consensus protocols, etc.) as well as with the techninques underlying
modern cryptocurrencies (layer-2 technologies).
Non-technical competencies: Students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.
Content:

• Introduction to blockchains and cryptocurrencies;
• consensus in synchrony and partial synchrony;
• longest chain consensus and PoW
• Bitcoin specifics;
• economics of blockchains;
• proof of stake;
• payment channels: the Bitcoin Lightning Network and the state-of-the-art;
• other scaling techniques (e.g., sharding);
• privacy.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Cryptocurrencies
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Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the course, students are able to:

• explain the formal concepts of data models and their associated query languages;
• analyze and compare query languages in terms of expressive power and computa-

tional complexity;
• apply theoretical results to optimize and evaluate queries systematically; and
• formulate open research questions and critically evaluate new approaches in database

theory.

Non-technical competencies: Students can formulate open research questions and critically
evaluate new approaches in database theory. Furthermore, students will be able to
identify, articulate, and discuss issues concerning ethics, gender, and diversity in the
context of the module’s content.

Content: The module covers key concepts related to the foundations of data management.
In particular, the following topics are covered:

• fundamental aspects of database query languages;
• relational query languages (introduction);
• Datalog;
• Codd’s Theorem: relational calculus, relational algebra, and Datalog;
• Trakhtenbrot’s Theorem;
• complexity of query evaluation;
• conjunctive queries;
• worst-case optimal joins;
• expressive power and Ehrenfeucht-Fraïssé games.

Expected prerequisites: Basic knowledge of database systems, algorithms and data
structures, and programming.
These prerequisites are taught in the following module:

• Formal Methods in Systems Engineering)

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Database Theory
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Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After the successful completion of the module, students are able
to:

• describe selected decidable fragments of classical first-order logic and categorize
them by their computational complexity of reasoning;

• write well-formed formulas and solve reasoning tasks in these fragments;
• name typical use-cases and application domains for different fragments;
• compare the fragments and formulate examples of formulas that (do not) belong

to the fragments and their combinations;
• explain the model- and proof-theoretic reasons that make these fragments decidable;
• apply reasoning algorithms tailored for the corresponding fragments and argue

their correctness and termination;
• judge whether a given specification can be expressed in a decidable fragment and

identify restrictions on the formulas that may help tame their expressiveness.

Non-technical competencies: Students are able to

• identify features of real-life problem descriptions that impact their suitability for
formal computational approaches,

• formulate lean and accurate descriptions of problem domains, and
• critically assess the suitability of diverse computational techniques for different

real-life problems of interest.

The material taught in this module does not carry ethical implications in itself nor
does it have inherent gender aspects; the module focuses on foundational skills based
on formal logic and mathematics. Teaching resources and methods will be developed
with an awareness of diversity and ensuring a welcoming environment for students from
underrepresented groups. Furthermore, students will be able to identify, articulate, and
discuss issues concerning ethics, gender, and diversity in the context of the module’s
content.
Content:

• Description logics and ontological reasoning;
• guarded fragments and locality;
• two-variable logics and related fragments;
• counting and other generalized quantifiers;
• quantifier prefix fragments;
• Horn fragments and effectively propositional fragments.

Expected prerequisites: Basic knowledge of classical predicate logic.
These prerequisites are thought in the module Logic and Computability.
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ment:
The applied teaching and learning methods must be indicated in the information system
for studies and teaching for each lecture before the start of the semester; the examination
modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Decidable Logics for Knowledge and Data

Deep Learning for Natural Language Processing

Workload for the module: 6,0 ECTS
Learning Outcomes: This module introduces students to deep learning approaches for
NLP, including hands-on experience with PyTorch.
Technical competencies: After successful completion of the module, students are able to
design, implement, and explain neural network models for natural language processing
via deep learning, using the PyTorch framework.
Non-technical competencies: Students develop the ability to critically assess deep learning
applications in NLP, considering ethical challenges and implications. Furthermore,
students will be able to identify, articulate, and discuss issues concerning ethics, gender,
and diversity in the context of the module’s content.
Content:

• Word vectors, word window classification, language models;
• backpropagation and neural networks;
• PyTorch framework;
• recurrent neural networks and language models;
• sequence-to-sequence models, machine translation, subword models;
• self-attention and transformers;
• pretraining, natural language generation;
• hugging face transformers;
• prompting, reinforcement learning from human feedback;
• question answering;
• convolutional neural networks, tree recursive neural networks, constituency parsing;
• intersections between NLP and linguistics;
• code generation;
• training large language models;
• multimodal deep learning;
• co-reference resolution;
• interpretability and explainability.

Expected prerequisites: Basic knowledge of programming and machine learning.
These prerequisites are covered in the module Machine Learning.
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ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Deep Learning for Natural Language Processing

Deontic Logic for Normative Reasoning

Workload for the module: 6,0 ECTS
Learning Outcomes: Deontic logic studies how we reason about moral and legal
obligations, permissions, and prohibitions through formal mathematical structures. As
artificial intelligence and automated systems play a larger role in decision-making, deontic
logic has become crucial for distinguishing between actual states of affairs and ideal or
required ones. This module draws from computer science, artificial intelligence, economics,
philosophy, linguistics, and law, to explore how formal logical systems can model and
analyze normative reasoning.
Technical competencies: After successful completion of the module, students are able to:

• understand the normative concepts in ethical theories and legal reasoning;
• understand the mainstream formalisms in deontic logic for normative reasoning;
• understand and discuss some of the main problems encountered in deontic logic;
• apply deontic logic to formalise normative concepts (e.g., duties, responsibilities,

best strategies and legal rights);
• communicate the basic concepts of deontic logic and their relevance for computer

science and AI ethics and law;
• get a better insight on how formal and logical tools in symbolic logic can be relevant

for their own work; and
• implement norms in a state of the art prover.

They will also be well-prepared for future developments in the area.
Non-technical competencies: The module will cover the fundamentals of normative
reasoning, which are based on the emphasis of logical semantics.� Furthermore, students
will be able to identify, articulate, and discuss issues concerning ethics, gender, and
diversity in the context of the module’s content.
Content: Two research traditions have dominated the landscape of deontic logic, one
drawing on methods from mathematical logic, and the other drawing on methods from
AI and rule-based systems. This module will introduce four frameworks representative of
these two research traditions: monadic deontic logic (MDL), dyadic deontic logic (DDL),
deontic STIT logic, and input/output (I/O) logic. We will describe their language,
semantics, axiom systems, and automation. We will also introduce students to some of
the main topics discussed in deontic logic, including reasoning about norm violation and
conflicts, as well as responsibility and rationality. The applications of various deontic
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automation of (normative) reasoning tasks in Isabelle/HOL.

Expected prerequisites: The prerequisite of this module is a basic knowledge of
symbolic logic, which is taught in the module Logic and Computability.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Deontic Logic for Normative Reasoning

Digital Humanism

Workload for the module: 3,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
analyse and reflect on the current developments in informatics, and, hopefully, have both
commitment and ideas to influence the future development. Thus, students gain a better
understanding of digital humanism, which we define as a concept that describes, analyzes,
and, most importantly, influences the complex interplay of technology and humankind,
for a better society and life, fully respecting universal human rights.
Non-technical competencies: Students are able to identify and discuss ethical questions in
the context of digital humanism.

Content: The module consists of two parts:

(a) lectures on selected topics of digital humanism;
(b) students in groups (size 3 – 5) will work on specific subconcepts and/or dimensions

of digital humanism. In interactive session they will present their intermediate and
final results.

The module starts with “classical” lectures, then students work on their projects. There
will be intermediate presentations of the group works.

In parallel, there will be public presentations of internationally renowned academics.

Applied teaching and learning methods and appropriate performance assess-
ment:
The applied teaching and learning methods must be indicated in the information system
for studies and teaching for each lecture before the start of the semester; the examination
modalities must also be specified.

Lectures of the Module:
3,0/2,0 VU Digital Humanism
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Workload for the module: 6,0 ECTS

Learning Outcomes: This module deals with proof techniques, advanced concepts and
theorems of several topics of discrete mathematics.
Technical competencies: After successful completion of the module, students

• are able to state formally the definitions belonging to the module topics,
• to present important results and ideas of mathematical proofs in discrete mathe-

matics,
• find and formulate formal proofs for problems from discrete mathematics,
• explain concepts of discrete mathematics and their interrelations, and
• state and explain some applications.

Non-technical competencies: Students acquire the ability to present problem solutions in
front of a group.

Content: The module covers the following topics:

• Graph theory:
– matroids and general greedy algorithm;
– special classes like planar graphs, bipartite graphs and matchings; and
– graph colorings and Ramsey theory.

• Advanced combinatorics:
– counting principles;
– generating functions and recurrences; and
– combinatorial constructions.

• Number theory:
– divisibility and factorization;
– congruences and systems of congruences;
– structural properties of elements in abelian groups; and
– application to the RSA algorithm.

• Finite fields:
– rings;
– special classes: Euclidean and factorial rings;
– ideals in rings; and
– finite fields and algebraic extensions.

• Applications:
– linear and polynomial codes;
– BCH-codes; and
– linear shift register sequences.
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combinatorics, group theory and linear algebra as well as elementary mathematical
proof techniques involving mathematical induction, elementary combinatorial arguments,
algebraic manipulations in groups, linear mappings, and matrix calculus.
These prerequisites are taught in the following modules:

• Algebra und Diskrete Mathematik.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Discrete Mathematics

Explainable AI

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with the various methods of explainability that
are currently developed for artificial intelligence systems. The module aims at providing
students with a broad overview of what explainable AI is.
Technical competencies: After successful completion of the course, students are able to:

• explain key components of what explanations are from the view point of the
humanities;

• present the state of the art in subfields of explainable AI;
• argue for why explainability is essential for trustworthy and ethical AI;
• apply various techniques from symbolic and subsymbolic explainable AI.

Non-technical competencies: Students acquire the ability to reflect on a broader level on
questions concerning explainability and artificial intelligence; this includes the EU policy
on transparent AI and ethical and societal impact of AI that warrants the development
of explainability methods.

This course will address ethics, gender, and diversity in the following ways: it embeds
the challenge of explainability in the broader context of ethical challenges of AI, these
challenges include gender bias in AI. Furthermore, the literature for the course is aimed
at reflecting diverse backgrounds too.
Content: The module covers

• philosophy of explanation and social sciences studies on explanation;
• symbolic XAI methods in knowledge representation and reasoning (computational

argumentation based approaches);
• visualization techniques for explainable AI;

55



EN
TW

UR
F• XAI work using interactive dialogue models;

• trustworthiness, bias, and correctness challenges in (explainable) AI.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Explainable AI

Extension

Workload for the module: up to 12,0 ECTS

Learning Outcomes: This module allows students to extend their profile by choosing
courses from other Master curricula that fit the qualification profile of Logic and Artificial
Intelligence .
Technical competencies: Depends on the chosen courses.
Non-technical competencies: Depends on the chosen courses.

Content: Depends on the chosen courses.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module: The courses in this module can be chosen freely from
other Master curricula, provided they fit the qualification profile. Courses from other
Informatics Master Curricula at TU Wien can always be chosen.

Furthermore, courses from Master Curricula of Mathematics at TU Wien can be
chosen.

Fixed-Parameter Algorithms and Complexity

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able
to understand the theory of parameterized complexity and fixed-parameter tractability
in sufficient depth to read and follow latest developments in the area and, crucially, to
analyze problems they encounter from the parameterized viewpoint. First and foremost,
this includes the ability to obtain asymptotically efficient algorithms and strong lower
bounds for problems of interest.
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of-the-art research on algorithms and complexity, and will be able to better comprehend
and produce formal proofs. Students will also be confronted with tasks such as literature
research and comparison of known results.

Content: Fixed-parameter algorithms provide a powerful approach for efficiently solving
many NP-hard problems by exploiting structural aspects of problem instances in terms
of a problem parameter. This module provides an overview of the main techniques for
developing fixed-parameter algorithms (including bounded search trees, kernelization,
color coding, modulators) as well as the fundamentals of parameterized complexity theory
(such as the Weft-hierarchy, XP and para-NP-hardness, kernelization lower bounds)
which allows to provide strong evidence that certain problems cannot be solved by a
fixed-parameter algorithm.

Expected prerequisites: Students should be aware of the foundations of algorithms
and complexity.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen
• Effiziente Algorithmen
• Algorithmics

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Fixed-Parameter Algorithms and Complexity

Formal Methods for Security and Privacy

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
develop a static analysis technique to enforce security and privacy properties in a variety
of domains, such as cryptographic protocols, programming languages, bytecode, and
deep neural networks. In particular, this module explains the foundations of the static
analysis of security and privacy properties, with a particular focus on SMT solving and
type systems. Students will learn to formalize a static analysis, prove its soundness, and
implement it in an efficient way using state-of-the-art verification tools.
Non-technical competencies: Students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.

Content:
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• type theory and static analysis for security and privacy;
• formal modelling and verification of security and privacy in software;
• cryptographic protocols, Blockchains, and machine learning.

Expected prerequisites: Foundations of security and logic taught in typical bachelor’s
programs in computer science.
These prerequisites are taught in the following bachelor modules:

• Einführung in Security;
• Logic and Reasoning in Computer Science.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Formal Methods for Security and Privacy

Formal Methods in Systems Engineering

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with foundations and applications of automated
reasoning and verification techniques for computer systems.
Technical competencies: After successful completion of the module, students are able to
understand the theory and practice of automated reasoning and verification techniques
for computer systems.
Non-technical competencies: Students acquire the ability to understand, use, and apply
formal methods for ensuring system correctness.
Content:

• Methods for checking correctness of system requirements, in particular using SAT
and satisfiability modulo theory (SMT) solving;

• model checking approaches, in particular using temporal logics and bounded model
checking;

• deductive verification techniques, such as Hoare logic and weakest precondition
reasoning;

• program-analysis methods, in particular interval analysis and pointer semantics.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Formal Methods in Systems Engineering
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Workload for the module: 9,0 ECTS
Learning Outcomes: Die Lehrveranstaltungen dieses Moduls dienen der Vertiefung des
Faches sowie der Aneignung außerfachlicher Kenntnisse, Fähigkeiten und Kompetenzen.
Content: Abhängig von den gewählten Lehrveranstaltungen.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module: Die Lehrveranstaltungen dieses Moduls können frei aus
dem Angebot an wissenschaftlichen und künstlerischen Lehrveranstaltungen, die der
Vertiefung des Faches oder der Aneignung außerfachlicher Kenntnisse, Fähigkeiten und
Kompetenzen dienen, aller anerkannten in- und ausländischen postsekundären Bildung-
seinrichtungen ausgewählt werden, mit der Einschränkung, dass zumindest 4,5 ECTS aus
den Themenbereichen der Transferable Skills zu wählen sind. Für die Themenbereiche der
Transferable Skills werden insbesondere Lehrveranstaltungen aus dem Wahlfachkatalog
”‘Transferable Skills”’ der Fakultät für Informatik (Anhang E) und aus dem zentralen
Wahlfachkatalog der TU Wien für ”‘Transferable Skills”’ empfohlen.

Generative AI

Workload for the module: 6,0 ECTS
Learning Outcomes: This module provides a comprehensive introduction to modern
generative AI fundamentals and applications, from large language models (LLMs) to
multimodal systems, including practical implementation aspects, intersections with
related research areas, and ethical considerations.
Technical competencies: After successful completion of the module, students are able to:

• explain the fundamentals of generative AI, including language models, multimodal
approaches (vision transformers, diffusion models), and the transformer architec-
ture;

• apply training techniques such as pre-training, fine-tuning, and reinforcement
learning;

• integrate LLMs using advanced prompting, retrieval-augmented generation, and
tools like LangChain;

• assess the role, potential, and limitations of generative AI in applications like
recommender systems;

• use knowledge graphs to address generative AI challenges such as hallucinations
and lack of domain knowledge; and

• explain the intersection between symbolic AI and subsymbolic architectures in
generative models.
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of generative AI systems, their potential biases and societal impact. Moreover, they
learn the intersections between generative AI and other research areas like recommender
systems or symbolic AI systems. Furthermore, students will be able to identify, articulate,
and discuss issues concerning ethics, gender, and diversity in the context of the module’s
content.

Content:

• Theory of LLMs and generative AI:
– AI paradigms and generative AI within the broader taxonomy, covering

autoregressive language modeling, probabilistic approaches, tokenization, and
embedding spaces;

– Transformers, encoder-decoder structures, self-attention mechanisms, and
LLM training, including reinforcement learning and proximal policy optimiza-
tion.

• Practice of LLMs and generative AI:
– advanced prompt engineering to address LLM limitations;
– retrieval-augmented generation (RAG), including architecture, integration,

and enhancement techniques;
– tooling for LLM deployment, interaction, and integration.

• Generative AI beyond language modelling:
– multimodal AI, including vision transformers, text-to-speech models, and

diffusion models;
– knowledge graphs (KGs) for addressing LLM limitations (hallucinations,

domain knowledge, trust) using KG embeddings, graph neural networks, and
GraphRAG;

– symbolic and subsymbolic AI intersections, knowledge-enhanced generation,
and LLM-enhanced knowledge representations;

– generative AI in recommender systems, including architecture, evaluation,
and limitations;

– ethical considerations, covering bias, fairness, privacy, and embedded ethical
frameworks.

Expected prerequisites: Basic knowledge of programming and machine learning.
These prerequisites are taught in the module Machine Learning.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Generative AI
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Workload for the module: 4,5 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
explain Gödel’s incompleteness theorems and their proofs as well as the central proof
techniques obtaining them.
Non-technical competencies: Students deepen their ability to use and critically assess
central proof-theoretical techniques and concepts.

Content:
The module starts with a short introduction to computability theory which allows

to get to know the central proof techniques of diagonalisation and arithmetisation in a
comparatively simple setting. The consideration of the notion of truth in the standard
model will lead us to the logical level. Afterwards we will study arithmetical theories and
their non-standard models. Thus prepared, various forms and proofs of the incompleteness
theorems will be proven and discussed.

Expected prerequisites: Basic knowledge in mathematical logic: first-order logic,
models, proofs, soundness, completeness, compactness.
These prerequisites are taught in the following modules:

• Logic and Computability

Applied teaching and learning methods and appropriate performance assess-
ment:
The applied teaching and learning methods must be indicated in the information system
for studies and teaching for each lecture before the start of the semester; the examination
modalities must also be specified.

Lectures of the Module:
3,0/2,0 VO AKLOG Gödel’s Incompleteness Theorems
1,5/1,0 UE AKLOG Gödel’s Incompleteness Theorems

Graph Drawing Algorithms

Workload for the module: 6,0 ECTS

Learning Outcomes: This module introduces efficient algorithms and complexity results
for drawing and representing graphs in different visual layout styles.
Technical competencies: Students are able to

• explain fundamental concepts, structures, and problems in graph drawing,
• explain and compare different aesthetic optimization goals in graph drawing,
• design and analyze graph drawing algorithms,
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styles to related problems,
• implement and evaluate graph drawing algorithms, and
• investigate new graph drawing problems and develop new layout algorithms.

Non-technical competencies: Student are able to perform
• formal reasoning, correctness proofs, and proofs of computational complexity,
• structured analysis of computational geometric graph representation problems,
• modeling and solving interdisciplinary problems at the interface of application

domains, information visualization, design, and graph algorithms,
• to judge trade-offs between different conflicting optimization goals, and
• being aware of possible ethical, gender, and diversity issues in the context of network

visualization

Content: The module content covers fundamental and advanced topics in graph drawing
including

• graph layout for restricted graph classes such as trees, planar graphs, directed
graphs,

• optimization problems for different quality metrics and drawing styles in graph
drawing,

• general purpose algorithms using physical analogies,
• graph drawing frameworks, and
• heuristics/approximation algorithms for NP-hard problems.

Expected prerequisites: Extended knowledge of algorithms and basics of graph theory.
These prerequisites are taught in the following modules:

• Effiziente Algorithmen;
• Discrete Mathematics; and
• Algorithmics.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Graph Drawing Algorithms

Heuristic Optimization Techniques

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to,
students understand concepts and techniques from heuristic optimization and problem
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evaluate and compare approaches experimentally.
Non-technical competencies: Students acquire the ability to understand, develop, apply,
and experimentally evaluate algorithms for heuristically solving challenging computa-
tional optimization problems in practice. Furthermore, students will be able to identify,
articulate, and discuss issues concerning ethics, gender, and diversity in the context of
the module’s content.

Content:

• Construction heuristics;
• local search techniques;
• metaheuristics, including simulated annealing, GRASP, tabu search, variable neigh-

borhood search, evolutionary algorithms, and ant colony optimization;
• hybrid optimization techniques, including large neighborhood search techniques;
• Mmchine learning based approaches;
• parallelization;
• analysis and tuning.

Expected prerequisites: Solid programming skills and knowledge in algorithms and
data structures
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Einführung in die Programmierung.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Heuristic Optimization Techniques

History of Logic

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
name and explain the most important milestones in the development of formal logic, as
well as to correctly argue theoretical relations of the considered formalisms and their
relevance for modern logic.
Non-technical competencies: After successful completion of the module, students are able
to critically reflect the relevance of historical context for the forming of scientific ideas
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issues concerning ethics, gender, and diversity in the context of the module’s content.

Content:

• Aristotle’s system of syllogisms;
• the logic of the Megarians and Stoics,
• medieval forms of logic,
• Leibniz’s work on logic (algebraic calculi, the idea of a complete and automated

language of reasoning - “calculus ratiocinator”, work on modal logic),
• developments in algebra and geometry,
• Boole’s algebra of logic,
• the contributions of C.S. Peirce,
• Frege’s logic,
• Cantor’s theory of sets,
• the intuitionism of Brouwer and Heyting,
• Whitehead and Russell’s Principia Mathematica,
• Hilbert, Gödel, and the Vienna Circle,
• the Polish school of logic,
• Post, Church, and Kleene.

Expected prerequisites: Basic knowledge of logic.
All prerequisites are covered in the module Logic and Computability.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU History of Logic

Human-Centered AI

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to:

• explain user interface basics and AI system design principles;
• describe fundamentals of supervised, unsupervised, and reinforcement learning;
• explain and apply gesture recognition (sequence classification, Markov property,

gesture and pose detection from video);
• implement adaptive user interfaces (automated optimization based on human factor

parameters); and
• work with tools and frameworks (TensorFlow, Unity ML-Agents).
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to:
• analyze parameter estimation and model selection to suit specific scenarios;
• evaluate human-AI interaction from a human-centered perspective;
• demonstrate critical thinking in balancing user requirements, technical feasibility,

and societal impact;
• collaborate effectively in interdisciplinary teams to address complex design problems;
• design AI systems that effectively support or cooperate with human users;
• communicate design concepts and processes clearly and persuasively to diverse

audiences; and
• adapt to feedback and iterative processes with resilience and a growth mindset.

Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content. Ethics, gender, and
diversity are core topics of the Human-Centered AI module. Students critically examine
how AI systems can reinforce or mitigate social inequalities, with focused discussions on
algorithmic bias, fairness, and inclusive design. The module emphasizes the importance
of considering diverse user perspectives. Through case studies, ethical frameworks, and
participatory design methods, students learn to build AI systems that are not only
effective, but also equitable and socially responsible.
Content:

• Basics of AI systems: supervised, unsupervised, and reinforcement learning.
• Recommender systems: definitions, collaborative filtering, similarity measures.
• Natural language processing: syntax, semantics, tokenization, normalization, stem-

ming, chatbot interaction.
• Gesture recognition: sequence classification, Markov property, gesture and pose

recognition from video.
• Adaptive user interfaces: automated optimization based on human factor parame-

ters.
• Explainable AI: local and global interpretability, LIME, SHAP, automated rationale

generation.

Expected prerequisites:
• Probability Theory

These prerequisites are taught in the module Statistik und Wahrscheinlichkeitstheorie of
the Informatics bachelor program.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Human-Centered AI
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Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to

• describe the theoretical concepts of information visualization, human perception
and cognition, as well as the qualitative and quantitative evaluation methods
thereof,

• apply information visualization concepts in practical exercises, in combination with
data science methods,

• critically evaluate information visualization algorithms, the quality of visual repre-
sentations, interaction techniques, analytical methods and their interplay,

• apply perceptual and cognitive foundations and state-of-the-art visualization algo-
rithms to information visualization design,

• select information visualization methods suitable for different data types, tasks,
and users,

• apply quantitative and qualitative evaluation methods to assess the quality of
information visualizations.

Non-technical competencies: In this module, students

• learn to analyze complex real-world problems by applying information visualization
theory and concepts,

• learn about and analyze the application of information visualization in different
domains, such as biology and engineering,

• learn to use information visualization to explain AI methods,
• work and communicate effectively in teams,
• present their analysis results.

Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content. In particular,
students learn to design and critically reflect visualizations so that they are accessible and
usable by people with different backgrounds, abilities, and perspectives. This includes
being mindful of biases in data collection and representation, avoiding stereotypes and
cultural insensitivities, and using inclusive visual elements. The course also discusses the
potential of visualization to facilitate discovery and mitigation of bias in data science
applications. Furthermore, ethical aspects of visualization evaluation are discussed.

Content:

• Fundamentals of data, visualization design, and interaction design
• fundamentals of human visual perception and cognition
• Design methodology, taxonomies, and models
• Qualitative and quantitative evaluation methods
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• Various application areas, like biology, and other disciplines of natural, social, and
economic sciences

• Applying different methods for data preprocessing and visual inspection
• Implementation of a simple interactive information visualization tool
• Presenting visual data analysis results.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Information Visualization

Introduction to Computational Sustainability

Workload for the module: 6,0 ECTS

Learning Outcomes: Modern ICT systems, such as data centers, AI models, and high-
performance computing (HPC), consume significant amounts of energy and resources,
contributing to growing environmental concerns. As global sustainability goals, including
the UN’s Sustainable Development Goals (SDGs), become increasingly urgent, computing
emerges as a powerful tool to address challenges in areas such as climate modeling,
renewable energy optimization, and resource management. Computational sustainability
extends beyond traditional computing by equipping students with the knowledge and skills
to design algorithms that balance efficiency, cost, and environmental impact, enabling
them to develop innovative, sustainable solutions for complex problems.
Technical competencies: Fundamental concepts and techniques on computational sustain-
ability.
Non-technical competencies: Students acquire the ability to describe and explain methods
for computational sustainability and assess and evaluate existing systems regarding their
sustainability. Furthermore, students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.

Content:

• Sustainable AI: Impact on sustainability by AI models
• Hardware advancements, data explosion, and its energy impacts
• Energy Challenge of AI models: Cost of Training and Inference
• Large Language Models and their energy consumption
• Methods to address energy consumption of AI models
• AI for sustainability: Using AI to combat the climate change issues
• Specific Use cases on AI for sustainability
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ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Introduction to Computational Sustainability

Knowledge Graphs

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: Learning outcomes are divided into three main blocks: (i) rep-
resentations of knowledge graphs (logic- and ML-based), (ii) systems for knowledge
graphs (scalablility and reasoning), and (iii) applications of knowledge graphs (real-world
enterprise AI). An overarching aim of the module is to understand the connections
between knowledge graphs (KGs), artificial intelligence (AI), machine learning (ML),
deep learning, and data science.
Non-technical competencies: Students are able to identify, articulate, and discuss issues
concerning ethics, gender, and diversity in the context of the module’s content. This
relates particularly to the role of knowledge graphs as a way to validate information
and knowledge in AI systems as well as the ability of many of the knowledge graph
techniques discussed in the module to provide explainable AI solutions – hence a key
part of providing ethical and explainable AI.

Content: The module includes the following topics:

• knowledge graph embeddings;
• logical knowledge in knowledge graphs;
• graph neural networks;
• graph transformers;
• knowledge graph architectures;
• scalable reasoning in knowledge graphs;
• the knowledge graph lifecycle (creation, evolution, services);
• real-world applications of knowledge graphs (including financial applications).

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Knowledge Graphs
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Workload for the module: 4,5 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students understand
the contents of the module. Among other effects, this understanding forms the basis for
the capability to correctly reproduce the statements and notions covered in the module
as well as for the ability to explain and apply the proof techniques used in the module.
Non-technical competencies: Students deepen their ability to use and critically assess
rigorous mathematical techniques and concepts.

Content: This module covers the following topics: analyse

• straighforward induction proofs;
• equational theory exploration;
• superposition with explicit induction axioms; and
• clause set cycles.

The employed mathematical methods concern mostly weak arithmetical theories such as
open induction or existential induction.

Expected prerequisites: Basic knowledge in mathematical logic: first-order logic,
models, proofs, soundness, completeness, compactness.
These prerequisites are taught in the following modules:

• Logic and Computability

Applied teaching and learning methods and appropriate performance assess-
ment:
The applied teaching and learning methods must be indicated in the information system
for studies and teaching for each lecture before the start of the semester; the examination
modalities must also be specified.

Lectures of the Module:
4,5/3,0 VO AKLOG Logical Foundations of Inductive Theorem Proving
1,5/1,0 UE AKLOG Logical Foundations of Inductive Theorem Proving

Logic and Computability

Workload for the module: 6,0 ECTS

Learning Outcomes: The module is concerned with a broad range of logical formalisms
as modelling and specification tools as well as with techniques for automated proof search.
The aim is to provide a solid understanding of the role of mathematical logic and of
computability theory in computer science.
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apply logical formalisms in various application scenarios and to employ concepts of formal
logic and computability theory as tools for effective, precise, and innovative problem
solving in IT.
Non-technical competencies: The students gain logical, mathematical, and computational
knowledge and abilities. Moreover, they also understand philosophical aspects relating
to the incompleteness of proof systems and to the interpretation of logical connectives.
Content: The topics in logic comprise the following:

• advanced aspects of classical first-order logic as a specification tool;
• expressibility (elements of model theory);
• proof systems for classical first-order logic (including soundness and completeness

proofs);
• a comparison of different types of inference systems,
• methods for handling identity;
• elements of modal logic (including temporal and epistemic logics);
• elements of intuitionistic logic and constructivism; and
• principles of automated theorem proving.

As for topics about computability, these include:
• different models of computations;
• the Church-Turing thesis;
• decidable and undecidable problems alongside formal tools to distinguish them;
• various concepts of problem reductions;
• the incompleteness of arithmetic and its consequences for the verification of pro-

grams, and
• connections between computability and logic.

Expected prerequisites: Students should have a basic knowledge of classical proposi-
tional and first-order logic, of different programming paradigms (imperative, functional,
logical), of concepts of formal languages (grammars, Chomsky hierarchy), and of com-
plexity theory. Moreover, students should be able to express problems and requirements
in a precise mathematical language.
These prerequisites are taught in the following modules

• Formal Methods in Systems Engineering;
• Theoretische Informatik; and
• Algebra und Diskrete Mathematik.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Logic and Computability
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Workload for the module: 6,0 ECTS

Learning Outcomes: At the end of this module, the students will be familiar with a
range of logic-based formalisms for describing problem domains. They will be able to
select an adequate formalism for a problem of interest, and correctly model the problem in
the selected formalisms. The student should also be able to select an adequate reasoning
engine for solving the problem at hand, informed by an understanding of the problems it
implements.
Technical competencies: The students who complete the module are able to

• read and write correctly domain specifications in classical predicate logic,
• decide whether a given statement is consistent with or entailed by a logic specifica-

tion,
• describe a given domain using a description logics of adequate expressiveness,
• understand and solve instances of classical DL reasoning services: consistency,

instance checking, and concept subsumption,
• understand the principles of nonmonotonic reasoning and recognise different non-

monotonic entailment relations,
• correctly write logic programs witdh default negation and compute their answer

set semantics,
• model probabilistic domains and draw inferences from them,
• recognise different types of decision rules, and
• apply algorithms to learn rules from tabular data.

Non-technical competencies: Students are able to model problem domains accurately,
and to assess and criticize the adequacy of different technqiues for specific situations.
The students can identify and verbalise ethical challenges that arise when applying AI
techniques in the real world.

The material taught in this module does not involve gender aspects. Teaching resources
and methods will be developed with an awareness of diversity and ensuring a welcoming
environment for students from underrepresented groups.

Content: The module discusses the following topics:

• propositional and predicate logic as knowledge representation languages;
• description logics and ontological reasoning;
• tractable ontological reasoning;
• foundations of nonmonotonic reasoning;
• answer-set programming and declarative problem solving;
• logics with uncertainty;
• rule learning; and
• applications.
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ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Logic-based Artificial Intelligence

Machine Learning

Workload for the module: 6,0 ECTS
Learning Outcomes: Students will learn fundamental machine learning concepts and
techniques and apply them in different domains.
Technical competencies: After successful completion of the module, students are able to:

• explain fundamental concepts of machine learning;
• explain the basics of machine learning theory;
• formulate problems as specific machine learning tasks;
• explain and implement the main supervised machine learning algorithms;
• explain and implement basic clustering algorithms;
• explain and implement basic reinforcement learning algorithms;
• apply learning techniques to various datasets and application domains;
• explain and apply automated machine learning methods;
• evaluate and compare machine learning methods; and
• explain and apply data preprocessing techniques.

Non-technical competencies: Students acquire the ability to assess and use machine
learning in different application domains. Furthermore, students will be able to identify,
articulate, and discuss issues concerning ethics, gender, and diversity in the context of
the module’s content. This includes the problem of bias that arises in datasets and
learning algorithms, the fairness of learning algorithms with respect to gender, race, age,
and other factors, the transparency of machine learning systems, and the societal impact
of automated decision-making based on machine learning.
Content: The module includes the following topics:

• fundamental concepts of machine learning;
• basics of machine learning theory;
• fundamental supervised machine learning techniques, including basic techniques

and advanced methods such as deep learning;
• basic clustering algorithms;
• basics of reinforcement learning and main tabular methods;
• evaluation and comparison of machine learning techniques;
• data preprocessing techniques and feature selection methods; and
• basic concepts of automated machine learning.
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rithms.
These prerequisites are covered in the following modules:

• Einführung in die Programmierung;
• Algebra und Diskrete Mathematik; and
• Statistik und Wahrscheinlichkeitstheorie.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Machine Learning

Machine Learning for Optimization

Workload for the module: 6,0 ECTS
Learning Outcomes: Students will learn fundamental concepts of solving techniques
based on machine learning and apply them to various combinatorial optimization prob-
lems.
Technical competencies: After successful completion of the module, students are able to:

• explain fundamental concepts of combinatorial optimization problems;
• explain concepts of end-to-end learning;
• explain and implement approaches based on deep learning and graph neural

networks to solve combinatorial optimization problems;
• explain and implement reinforcement learning-based approaches for combinatorial

optimization;
• apply large language models to combinatorial optimization;
• explain how machine learning can be used to improve general-purpose solvers.

Non-technical competencies: Students develop the ability to critically assess the benefits
of machine learning methods when solving optimization problems. Furthermore, students
will be able to identify, articulate, and discuss issues concerning ethics, gender, and
diversity in the context of the module’s content. This includes the problem of bias that
arises in datasets and learning algorithms, the fairness of learning algorithms with respect
to gender, race, age, and other factors, the transparency of machine learning systems,
and the societal impact of automated decision-making based on machine learning.
Content: The module includes the following topics:

• combinatorial optimization problems;
• end-to-end learning for combinatorial optimization;
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• reinforcement learning for combinatorial optimization;
• large language models for combinatorial optimization; and
• machine learning for general-purpose solvers.

Expected prerequisites: Knowledge of programming and machine learning techniques.
These prerequisites are covered in the following modules:

• Machine Learning; and
• Einführung in die Programmierung.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Machine Learning for Optimization

Management of Graph Data

Workload for the module: 6,0 ECTS
Learning Outcomes: This module provides a comprehensive introduction to the
principles, technologies, and advanced topics in graph data management, essential for
working with knowledge graphs and different graph data models.
Technical competencies: After successful completion of this module, students will be able
to:

• Explain key graph data models and query languages,
• Formulate complex queries using graph query languages,
• Explain principles of query optimization,
• Apply schema languages tailored for graph data,
• Ensure data quality through shape constraints,
• Apply and model provenance techniques,
• Manage dynamic updates,
• Use state-of-the-art graph data technologies in popular applications and use cases.

Non-technical competencies: Students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.
Content: The module covers essential concepts and techniques for effective graph data
management, including:

• Key concepts of graph data models and schema languages
• Query formulation, execution, and optimization
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• Methods for tracking provenance and ensuring traceability of graph data
• Strategies for managing dynamic updates and versioning of knowledge graphs
• Recent advances and trends in graph data technologies

Expected prerequisites: Students are expected to have basic knowledge in relational
database systems and algorithms and data structures.
These prerequisites are taught in the following modules:

• Datenbanksysteme
• Algorithmen und Datenstrukturen

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Management of Graph Data

Mathematical Programming and Optimization in Transport Logistics

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with solving optimization problems arising in
transport logistics and related areas with exact and heuristic methods. A main focus is
on mathematical programming techniques, in particular integer linear programming as
well as the theoretical and technical background for doing so successfully.
Technical competencies: After successful completion of the module, students are able to

• understand theoretical foundations of linear and integer linear programming (ILP),
• model optimization problems as ILP formulations,
• compare different ILP formulations for optimization problems theoretically and in

practice,
• apply methods and algorithms for solving ILP models in general, and
• use specific ILP formulations and algorithms (exact and heuristic) for solving

various optimization problems in transport logistics and related areas.

Non-technical competencies: Students learn to
• apply the aforementioned techniques to problem settings from various fields,
• work together in groups on these problems, and
• present their work as a technical report.

Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content.
Content: This module covers
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mathematical optimization,
• ILP modelling and solving techniques, both basic (compact formulations) and

advanced (branch-and-cut, branch-and-price, Lagrangian relaxation, decomposition
methods),

• ILP theory (analysis of different formulations, valid inequalities),
• optimization problems from transport logistics, such as the travelling salesperson

problem, the vehicle routing problem and the pickup and delivery problem, and
other related areas

• exact and heuristic methods for solving these, and
• real-world optimization problems and their complexities.

Expected prerequisites: Students are expected to be familiar with

• programming,
• linear algebra,
• graph theory,
• fundamentals of (integer) linear programming, and
• fundamentals of heuristic optimization.

These prerequisites are taught in the following modules:

• Einführung in die Programmierung
• Algebra und Diskrete Mathematik
• Algorithmics
• Heuristic Optimization Techniques

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Mathematical Programming and Optimization in Transport Logistics

Modal Logics

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
name and explain the most important families of modal logics, their central properties
and semantical and proof-theoretical characterisations, as well as basic relations among
the logics.
Non-technical competencies: After successful completion of the module, students are able
to
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• select relevant techniques and methods for a given problem, and
• critically assess relevant solutions and formalisms.

Content:

• Historical overview;
• classes of propositional normal modal logics;
• analytic tableaux, sequent-style systems, and consistency properties;
• logical consequence, compactness, interpolation and definability theorems;
• Hilbert-type systems and natural deduction;
• non-analytic and non-normal logics;
• multi-modal logics;
• first-order modal logics; and
• applications for modelling dishonest agents.

Expected prerequisites: Basic knowledge of classical logic.
All prerequisites are covered in the module Logic and Computability.

Applied teaching and learning methods and appropriate performance assess-
ment:
The applied teaching and learning methods must be indicated in the information system
for studies and teaching for each lecture before the start of the semester; the examination
modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Modal Logics

Neurosymbolic Reasoning

Workload for the module: 6,0 ECTS

Learning Outcomes: An introduction to neurosymbolic approaches and modern appli-
cations of logic in AI.
Technical competencies: After successful completion of the module, students will be able
to:

• identify the differences between sub-symbolic and symbolic AI approaches, and
apply them to different tasks;

• describe the landscape of approaches in neurosymbolic AI;
• analyze the logical expressivity of methods in symbolic and sub-symbolic AI;
• develop, assess, and empirically evaluate neurosymbolic models;
• identify practical tools for solving problems using neurosymbolic approaches; and
• model and solve learning and reasoning problems using neurosymbolic AI.
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subsymbolic, and neurosymbolic AI approaches, and learn to critically analyze their
expressivity. Furthermore, students will be able to identify, articulate, and discuss issues
concerning ethics, gender, and diversity in the context of the module’s content.

Content:

• Limits of symbolic and subsymbolic AI,
• models that integrate logic; probability and learning e.g., Markov logic, Problog,

etc.;
• selected neurosymbolic formalisms, including rule-based approaches for neurosym-

bolic AI;
• methods for reasoning under uncertainty, such as weighted first-order model count-

ing/sampling;
• role of logic in machine learning theory; and
• expressivity of ML models like graph neural networks and transformers.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Neurosymbolic Reasoning

Nonclassical Logics

Workload for the module: 6,0 ECTS

Learning Outcomes: A broad range of concepts, methods, and results in different
areas of nonclassical logics are covered. A selection of specific results and techniques, in
particular, in modal and in many-valued logics, are explained and practised extensively.
Moreover, a structured overview of the vast field of nonclassical logic is provided that
will enable students to assess and choose from a large number of possible models and
corresponding formal reasoning tools for a wide range of applications in computer science
and beyond.
Technical competencies: Students learn to apply a considerable range of logical and math-
ematical concepts and tools in nonclassical logics, including: possible world semantics,
axiomatic characterisation of relational properties, modelling of epistemic situations,
logical aspects of constructive mathematics, principles of graded reasoning, and algebraic
tools in fuzzy logic.
Non-technical competencies: Students learn logical, mathematical, as well as compu-
tational concepts and techniques. Moreover, they gain knowledge about aspects of
modeling that concern many potential application areas, ranging from the specification
of and formal reasoning about multi-agent systems to solving logical, computational, and
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be able to identify, articulate, and discuss issues concerning ethics, gender, and diversity
in the context of the module’s content.

Content: The module discusses the following topics:

• general theory of modal logics;
• epistemic logic;
• elements of intuitionistic logic; and
• mathematical fuzzy logics.

Moreover, a structured overview of further topics in nonclassical logics and of logics
combining features from different areas of nonclassical logics is provided.

Expected prerequisites: The prerequisites for this module comprise a firm knowledge
of basic techniques and results of classical propositional and first-order logic.
These prerequisites are covered in the module Logic and Computability.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Nonclassical Logics

Nonmonotonic Reasoning

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
name and explain the most important nonmonotonic reasoning formalisms, their central
properties, and basic relations among them.
Non-technical competencies: After successful completion of the module, students are able
to

• analyze employed techniques and methods,
• select relevant techniques and methods for a given problem, and
• critically assess relevant solutions and formalisms.

Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content.

Content:

• Phenomenology and typology of nonmonotonic reasoning;
• properties of nonmonotonic inference relations;
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and modal nonmotonic logics);
• relations to the theory of logic programming; and
• proof calculi of different nonmonotonic logics.

Expected prerequisites: Basic knowledge of classical logic.
All prerequisites are covered in the module Logic and Computability.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Nonmonotonic Reasoning

Nonstandard Deduction Systems

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to
name and explain the most important logical calculi for axiomatising classes of formulas
different from the valid ones. Moreover, students are able to correctly argue the central
properties of such systems and apply them for different tasks.
Non-technical competencies: After successful completion of the module, students are able
to

• analyze employed techniques and methods,
• select relevant techniques and methods for a given problem, and
• critically assess relevant solutions and formalisms.

Content:

• Introduction and historical overview;
• the biaspectual formalization of deductive systems and the theory of the anti-

consequence operator;
• proof systems for the axiomatic rejection of formulas for classical logic, intuitionistic

logic, finite-valued logics, and different modal logics;
• deduction methods for axiomatizing satisfiability and contingency; and
• applications for logics in artificial intelligence.

Expected prerequisites: Basic knowledge of classical logic.
All prerequisites are covered in the module Logic and Computability.
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ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Nonstandard Deduction Systems

Preferences in Artificial Intelligence

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to

• describe the role of preferences in artificial intelligence;
• represent preference data in computer systems;
• integrate preferences in selected knowledge representation formalisms;
• apply and analyze various aggregation methods.

Non-technical competencies: After successful completion of the module, students are
able to analyze, select, and critically assess methods and solutions involving preferences.
Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content.
Content: The module is based on two main parts. The first part will consist of
lectures which provide the necessary background and foundational material as well as an
introduction to current research topics. In the second part, students have to apply the
concepts and techniques presented in the lecture within a small project, which can either
be concerned with a theoretical question or about implementation. Hereby, students
will thus actively work with up-to-date literature and participate in current research
conducted at our group.
Applied teaching and learning methods and appropriate performance assess-
ment:
The applied teaching and learning methods must be indicated in the information system
for studies and teaching for each lecture before the start of the semester; the examination
modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Preferences in Artificial Intelligence

Principles of Knowledge Representation

Workload for the module: 6,0 ECTS
Learning Outcomes: This module considers important issues in knowledge representa-
tion and reasoning, along with methods and techniques to address them, with attention
to semantic and computational aspects.
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results from some of the central core topics of knowledge representation and reasoning in
this context both in theory and practice. They are able to theoretically work on technical
problems related to the task areas and also to model and solve problems practically using
software tools for knowledge representation. This includes the ability to analyze and
assess the intrinsic difficulty of computation and reasoning tasks, which are prerequisites
for designing efficient algorithms, using tools from the computational complexity.
Non-technical competencies: The course will be sensitive to ethics, gender and diversity
issues, especially with respect to examples and notions from the literature, as well as
to special needs and circumstances of the students. Furthermore, students will be able
to identify, articulate, and discuss issues concerning ethics, gender and diversity in the
context of the module’s content.

Content: In this module, we consider different aspects of knowledge representation and
reasoning, including

• approaches to change knowledge bases;
• nonmonotonic reasoning and logic programming;
• reasoning about actions and planning;
• abductive reasoning and explanations;
• multi-context systems and distributed knowledge;
• computational complexity tools;
• expressiveness of knowledge representation formalisms; and
• complexity analysis of selected problems (case studies).

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Principles of Knowledge Representation

Probabilistic Reasoning

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After the successful completion of the module, students are able
to delineate the main application areas, formalisms, and methodologies for probabilistic
modeling and reasoning in artificial intelligence.
Non-technical competencies: Students deepen their ability to use and critically assess
central concepts related to probabilistic reasoning.

Content:
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• Bayesian networks;
• probabilistic logic;
• nonmonotonic probabilistic inference;
• probabilistic logic programming;
• decision theory;
• planning under uncertainty in Markov decision processes (MDPs) and partially

observable Markov decision processes (POMDPs); and
• game theory.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Probabilistic Reasoning

Problem Solving and Search in Artificial Intelligence

Workload for the module: 6,0 ECTS
Learning Outcomes: Students will learn about core AI problem solving techniques
and their applications in various domains.
Technical competencies: After successful completion of the module, students are able to:

• explain fundamental concepts of search methods in AI;
• model problems using solver-independent constraint modeling languages such as

MiniZinc;
• explain and implement constraint programming techniques;
• use solvers based on constraint programming and SAT to solve various problems;
• explain structural decomposition techniques;
• explain and apply methods for automated algorithm selection and configuration;
• apply instance space analysis to evaluate the difficulty of problem instances and

the impact of problem features;
• explain and implement local search and hyper-heuristic approaches; and
• apply learned techniques to solve complex practical problems, including those in

planning and scheduling domains

Non-technical competencies: Students acquire the ability to assess and use AI problem
solving techniques in different application domains. Furthermore, students will be able
to identify, articulate, and discuss issues concerning ethics, gender, and diversity in the
context of the module’s content. This includes the transparency and explainability of AI
algorithms, and the societal impact of automated problem solving.
Content: The module includes the following topics:
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• constraint satisfaction/optimization problems;
• constraint programming techniques;
• solver-independent constraint modelling language MiniZinc;
• the structure of problems;
• local search techniques;
• application of machine learning in search;
• automated algorithm selection and configuration;
• hyper-heuristics; and
• instance space analysis
• AI-based scheduling and planning.

Expected prerequisites: Knowledge of programming and the basics of algorithms.
These prerequisites are covered in the following modules:

• Einführung in die Programmierung and
• Algorithmen und Datenstrukturen.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Problem Solving and Search in Artificial Intelligence

Processing of Declarative Knowledge

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After a successful completion of the module, students are be able
to

• design and declaratively specify (possibly recursive) Datalog queries,
• develop ASP programs and queries, and classify such programs by their language

features and computational properties,
• understand the principles of query optimization via magic set transformation,
• describe the structure and concepts of description logics (DLs), as well as distinguish

and compare different DLs,
• identify the difference between (logic programming) rules and ontologies, and
• use formalisms for combining rules with other paradigms (e.g., ontologies) and

languages.

Non-technical competencies: Furthermore, students are able to
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• extract accurate and complete problem specifications from natural language de-
scriptions,

• develop and optimize solutions for different types of declarative specifications, and
• critically assess the suitability of different declarative solving techniques for different

real-world problems of interest.

Moreover, the students are capable of identifying, verbalizing, and discussing the ethical
considerations that arise when applying declarative knowledge processing techniques in
real-world scenarios.

The material taught in this module does not have inherent gender aspects; the module
focuses on foundational skills based on formal logic and mathematics. Teaching resources
and methods will be developed with an awareness of diversity and ensuring a welcoming
environment for students from underrepresented groups.

Content: In this module, we consider different formalisms for representing and processing
declarative knowledge, with particular emphasis on

• Datalog and extensions;
• optimization of Datalog queries;
• answer-set programming;
• description logics as languages for ontologies;
• computational aspects of reasoning;
• combining rules with other formalisms and languages (e.g., hybrid knowledge with

rules and ontologies); and
• contextual Reasoning.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Processing of Declarative Knowledge

Program Analysis

Workload for the module: 6,0 ECTS

Learning Outcomes: This module explores foundational techniques in static program
analysis, program semantics, and abstract interpretation, equipping students to rea-
son about program behavior and apply these methods in areas such as verification,
optimization, and software quality.
Technical competencies: Students learn techniques and tools designed to analyze and
understand the behavior of software programs. The module focuses on methods that
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identification of potential bugs, security vulnerabilities, and performance bottlenecks.
Non-technical competencies: This module equips students with the ability to apply formal
methods and mathematical reasoning to analyze and improve software systems.
Content:

• Static analyses for control flow, data flow, and dependence analysis;
• abstract interpretation and lattice-based reasoning for program properties;
• program semantics and its role in understanding program behavior;
• type systems and their role in ensuring program correctness;
• explore the practical applications of program analysis in optimization, verification,

and software quality.

Expected prerequisites: Students should have a solid foundation in programming,
algorithms, and data structures, as these are essential for understanding and applying
the analysis techniques covered in the module. Familiarity with formal methods, logic,
or discrete mathematics is beneficial.
These prerequisites are taught in the following modules:

• Einführung in die Programmierung;
• Algorithmen und Datenstrukturen;
• Theoretische Informatik; and
• Algebra und Diskrete Mathematik.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Program Analysis

Project in Logic and Artificial Intelligence

Workload for the module: 6,0–12,0 ECTS
Learning Outcomes:
Technical competencies: Students can

• identify the background knowledge from logic and/or artificial intelligence that is
required for a task,

• apply the knowledge to solve the given task, and
• justify the solution scientifically.

More specifically, the students will
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the state of the art, critical reflection of the solution),
• select suitable formal and mathematical methods for model building, abstraction,

solution finding and evaluation,
• use suitable technologies, software tools and standards to solve the given task,
• thoroughly analyze the results and compare to other solutions proposed in the

state of the art,
• document the results in a comprehensive and precise way, and
• convincingly present the results in an interdisciplinary environment.

Non-technical competencies: Students learn to
• formulate and solve problems independently,
• present problems and solutions,
• take critical comments on their work into account, and
• judge their own limits and abilities.

The module also fosters individual creativity and innovation potential (curiosity). Fur-
thermore, students will be able to identify, articulate, and discuss issues concerning ethics,
gender, and diversity in the context of the module’s content.
Content: In this module, practical problems from the field of logic and/or artificial
intelligence are solved. This gives insights into scientific practice and current research in
these areas. For working on larger problems, the two practical projects can be combined.
The work involves

• the specification of a task from logic and/or artificial intelligence,
• the development of a scientifically sound solution of the given task, and
• the scientific documentation and discussion of the results.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module: The second project (*) is optional. Depending on the
magnitude of the task, both certificates can also be awarded for completing a single,
larger project.
6,0/4,0 PR Project in Logic and Artificial Intelligence 1

* 6,0/4,0 PR Project in Logic and Artificial Intelligence 2

Proof Theory

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students understand
the contents of the module. Among other effects, this understanding forms the basis for

87



EN
TW

UR
Fthe capability to correctly reproduce the statements and notions covered in the module

as well as for the ability to explain and apply the proof techniques used in the module.
Non-technical competencies: After successful completion of the module, students are able
to analyze, select, and critically assess relevant methods and solutions.

Content: The module consists of two courses, containing the following topics:

• Proof Theory 1:
– sequent-type calculi;
– cut-elimination;
– intuitionistic logic;
– interpolation theorems; and
– Gentzen’s second consistency proof.

• Proof Theory 2: This lecture serves for deepening the results of the first part.
Topics depend on the interest of the students and include:

– infinitary systems after Tait and ordinal analysis;
– systems of higher order, in particular the system ACA0 of mathematics and

computer science;
– natural deduction systems;
– incompleteness results; and
– logics of provability.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
3,0/2,0 VO Proof Theory 1
3,0/2,0 VO Proof Theory 2

Quantum Computing

Workload for the module: 6,0 ECTS

Learning Outcomes:
Technical competencies: After the successful completion of the module, students are able
to name and explain the most important methods in quantum computing, their central
properties, and applications in different areas.
Non-technical competencies: After successfully completing of the module, students are
able to

• analyse employed techniques and methods,
• select relevant techniques and methods for a given problem, and
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Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content.
Content:

• Overview;
• mathematical background and principles of quantum mechanics;
• quantum gates and quantum circuits;
• basic and advanced quantum algorithms;
• quantum complexity classes;
• elements of quantum information theory;
• quantum teleportation.

Expected prerequisites: Basic mathematical skills and knowledge of algorithmics.
All prerequisites are covered in Discrete Mathematics and Algorithmics.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Quantum Computing

Reinforcement Learning

Workload for the module: 6,0 ECTS
Learning Outcomes: This module provides an introduction into reinforcement learning,
one of the main fields of machine learning.
Technical competencies: After successful completion of the module, students are able to
explain and to apply the theory and the methods of reinforcement learning, and also to
implement the most fundamental algorithms.
Non-technical competencies: Students acquire the ability to understand methods for
machine learning and artificial intelligence and to solve problems in (stochastic) optimal
control. Furthermore, students will be able to identify, articulate, and discuss issues
concerning ethics, gender, and diversity in the context of the module’s content.
Content:

• Data structures such as Markov decision processes;
• dynamic programming;
• Monte-Carlo algorithms;
• temporal-difference learning such as Q-learning;
• tabular methods vs. approximate solutions;
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• eligibility traces;
• policy-gradient methods;
• convergence;
• deep reinforcement learning;
• applications such as solving chess, Go, shogi, Atari 2600 games, and other computer

games.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Reinforcement Learning

Responsible Digital Ethics

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to:

• understand key concepts of digital ethics, including trust, fairness, accountability,
and digital rights

• recognize and apply regulatory frameworks and their implications for ethical digital
practices

• evaluate ethical design principles in the development and deployment of digital
systems

Non-technical competencies:

• analyze real-world digital ethics challenges using case studies and scholarly literature
• critically evaluate ethical trade-offs in complex technological environments
• create actionable strategies to incorporate ethical principles into the design, audit,

and deployment of digital systems
• understand and reflect on personal and professional responsibilities as practitioners

shaping the digital landscape
• apply effective communication strategies about ethical challenges and solutions to

diverse audiences
• Design and implement frameworks for ethical practices in interdisciplinary and

organizational contexts

Furthermore, students will be able to identify, articulate, and discuss issues concerning
ethics, gender, and diversity in the context of the module’s content. Ethics, Gender, and
Diversity in Responsible Digital Ethics are addressed through the exploration of fairness,
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with the ability to evaluate ethical trade-offs, regulatory frameworks, and biases, ensuring
inclusive and responsible digital practices. Case studies and ethical design principles help
students develop strategies for embedding ethical considerations into real-world digital
systems.
Content:

• Introduction to Digital Ethics: The rise of digital systems and the imperative for
ethical practices.

• Core Principles: Trust, fairness, accountability, transparency, and digital rights.
• Ethical Design: Principles and methodologies for designing ethical systems.
• Regulatory Landscapes: Overview of regulatory efforts and their impact on system

performance and ethical audits.
• Practical Challenges: Case studies on ethical dilemmas in digital technology (e.g.,

AI bias, privacy concerns, algorithmic accountability).
• Roles and Responsibilities: The critical role of practitioners in fostering responsible

digital ethics.

Expected prerequisites:
• Basic knowledge of ethical theories and frameworks
• Basic knowledge of regulatory frameworks and policies

These prerequisites are taught in the module Denkweisen der Informatik of the Informatics
bachelor program.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Responsible Digital Ethics

SAT Algorithms, Applications and Extensions

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with the algorithms, and practical applications
of SAT and SAT-based automated reasoning tools.
Technical competencies: After successful completion of the module, students are able
to understand fundamental concepts and techniques of modern SAT-based automated
reasoning tools and their practical applications.
Non-technical competencies: Students acquire the ability to understand the underlying
methods of several automated decision procedures and learn how to adapt them to solve
new problems.
Content:
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• formula simplification techniques in SAT solvers;
• techniques for certifying and checking SAT solver results;
• incremental SAT reasoning;
• introduction to the algorithm and underlying structure of CDCL(T) SMT solvers;
• different MaxSAT solving techniques, such as core-guided, model-improving, and

hitting set based approaches;
• algorithm of search-based QBF solvers;
• modern applications of SAT-based reasoning tools.

Expected prerequisites: Attending students are assumed to be familiar with propo-
sitional and predicate logic, and have already some background in algorithms, formal
methods, and practical software development.
These prerequisites are taught in the following modules:

• Logic and Reasoning in Computer Science;
• Formal Methods in Systems Engineering;
• Algorithmen und Datenstrukturen; and
• Programmierparadigmen.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU SAT Algorithms, Applications and Extensions

Seminar in Artificial Intelligence

Workload for the module: 3,0 ECTS

Learning Outcomes:
Technical competencies: Students are able to

• find literature in a selected topic,
• determine and apply an appropriate categorization for the found literature, and
• describe the covered research.

Non-technical competencies: Students can present their results to a group in a structured
and concise way. Furthermore, students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.

Content: In the seminar, students work on literature of a chosen topic in artificial
intelligence and present their results in written and oral form.
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ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
3,0/2,0 SE Seminar in Artificial Intelligence

Seminar in Logic

Workload for the module: 3,0 ECTS

Learning Outcomes:
Technical competencies: Students are able to

• find literature in a selected topic,
• determine and apply an appropriate categorization for the found literature, and
• describe the covered research.

Non-technical competencies: Students can present their results to a group in a structured
and concise way.

Content: In the seminar, students work on literature of a chosen topic in logic and
present their results in written and oral form.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
3,0/2,0 SE Seminar in Logic

Seminar in Theoretical Computer Science

Workload for the module: 3,0 ECTS

Learning Outcomes:
Technical competencies: Students are able to

• find literature in a selected topic,
• determine and apply an appropriate categorization for the found literature, and
• describe the covered research.

Non-technical competencies: Students can present their results to a group in a structured
and concise way.
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computer science and present their results in written and oral form.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
3,0/2,0 SE Seminar in Theoretical Computer Science

Smart Contracts

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: Students acquire advanced programming skills specific to the
blockchain paradigm. They develop a thorough understanding of the protocols, interfaces,
and software infrastructure for developing decentralized systems. The course provides
students with the analytical skills necessary to assess smart contracts for potential
vulnerabilities and to apply secure development practices that mitigate the risk of
exploitation. Furthermore, students are introduced to foundational concepts in program
analysis, gaining insight into formal methods and automated techniques for the detection
of software weaknesses. They are also trained in the effective use of contemporary analysis
tools to support the development of robust and secure blockchain applications.
Non-technical competencies: Students understand the interactions of decentralized ap-
plications with systems outside the blockchain. They develop awareness of the critical
importance of software reliability and security in the blockchain context, where the
remediation of errors is often impossible. The course further fosters students’ capacity
to design and implement secure applications through both theoretical grounding and
practical training. Ethical considerations are integral to the curriculum, including a
dedicated focus on responsible disclosure practices and the principles of ethical hacking
as a means to strengthen the security and resilience of blockchain-based systems.
Content: The module covers the following topics.

• programming languages and programming techniques for smart contracts;
• protocols, interfaces and technologies for blockchain applications;
• weaknesses and mitigation strategies in smart contracts; and
• methods and tools for analyzing smart contracts automatically.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Smart Contracts
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Workload for the module: 6,0 ECTS

Learning Outcomes: Stochastic foundation of cyber-physical systems, artificial intelli-
gence, and robotics.
Technical competencies: After successful completion of the module, students will be able
to:

• automatically synthesize stochastic models and policies of CPS;
• explain methods for automated software synthesis; and
• apply methods for automated software synthesis in new application domains.

Non-technical competencies: Students acquire the ability to apply automated software
and policy synthesis for CPS to new domains and to critically assess their suitability and
limitations. Furthermore, students will be able to identify, articulate, and discuss issues
concerning ethics, gender, and diversity in the context of the module’s content.

Content:

• Probabilistic interpretation of uncertainty;
• rational agents as smart cyber-physical systems (CPS);
• static and dynamic Bayesian networks (BN);
• uncertain environments as BN;
• exact and approximate inference in BN;
• machine learning (supervised) of BN;
• decision making and optimal control for Markov decision processes (MDP);
• supervised and reinforcement learning;
• machine learning with deep and recurrent neural networks;
• large language models (LLM) and artificial general intelligence (AGI); and
• application of LLM and AGI to all types of CPS.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Stochastic Foundations of Cyber-Physical Systems

Structural Decompositions and Meta Theorems

Workload for the module: 6,0 ECTS

Learning Outcomes: This module deals with structural graph decompositions and
their algorithmic applications through meta-theorems.
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between logic and structure, and how to apply them to problems in AI and database
theory.
Non-technical competencies: Students acquire the ability to combine logic theory, on the
one hand, with algorithm design and analysis, on the other. Furthermore, students will
be able to identify, articulate, and discuss issues concerning ethics, gender and diversity
in the context of structural decompositions and algorithmic meta-theorems.
Content:

• Graph width parameters including tree-width and its generalizations;
• algorithmic meta-theorems and their applications;
• applications to AI and database theory, including propositional model counting,

conjunctive query evaluation, and Bayesian Networks;
• well-behaved graph classes and their algorithmic implications.

Expected prerequisites: A solid understanding of algorithms, graph theory as well as
fist-order logic is required.
These prerequisites are taught in the following modules:

• Algorithmen und Datenstrukturen;
• Effiziente Algorithmen;
• Discrete Mathematics; and
• Algorithmics (strongly recommended).

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Structural Decompositions and Meta Theorems

Symmetric Cryptography

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with attack and proof techniques for build-
ing symmetric cryptographic algorithms for secure data communication, storage, and
computation.
Technical competencies: Upon successful completion of the module, the students are able
to:

• explain, argue the security of, and identify generic attacks on (tweakable) block
ciphers, forkciphers, and compression functions in encryption, message authen-
tication, hashing, authenticated encryption, and key derivation modes, among
others;

96



EN
TW

UR
F• identify and reason about suitable use cases and applications of symmetric crypto-

graphic schemes in higher level protocols and systems like TLS, IoT, end-to-end
encryption, blockchains, messaging protocols, storage encryption, etc.;

• pin down lightweight symmetric cryptographic security requirements and design
criteria;

• prove security of basic symmetric designs in the provable framework;
• design and attack implementation of small-scale toy symmetric designs;
• assess and compare existing symmetric designs with respect to security levels,

efficiency, and applicability features; and
• present proofs and implementations, explain in detail contemporary use cases, and

attacks and/or security proofs on symmetric algorithms.

Non-technical competencies: Students will be able to identify, articulate, and discuss
issues concerning ethics, gender, and diversity in the context of the module’s content.

Content: The module contains the following topics:

• provable security and notions in symmetric cryptography: pseudorandom functions
and permutations, indistinguishability, unforgeability, collision resistance, etc.;

• designs and implementation strategies of building blocks: (tweakable) block ciphers,
forkciphers, permutations, compression functions, etc.;

• secure modes of operation: encryption, message authentication, hashing, authenti-
cated encryption, key derivation modes, etc.;

• symmetric lightweight cryptographic designs and the ongoing NIST competition;
• attacks and crypto failures;
• applications of symmetric cryptography: communication protocols like TLS, end-

to-end encryption protocols, etc.

Expected prerequisites: Basic knowledge in security/cryptography and probability
theory, basic programming skills.
These prerequisites are taught in the following modules:

• Einführung in Kryptographie;
• Einführung in Security;
• Statistik und Wahrscheinlichkeitstheorie; and
• Einführung in die Programmierung.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Symmetric Cryptography
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Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with the algorithmic and theoretical foundations
of machine learning algorithms, as well as with recent advancements in the machine
learning literature.
Technical competencies: After successful completion of the module, students are able to:

• explain the theoretical foundations of machine learning;
• prove learning theoretical results and algorithmic properties of machine learning;
• apply learning algorithms correctly;
• compare and analyse learning algorithms; and
• explain, summarise, and present machine learning research papers.

Non-technical competencies: Students acquire the ability to understand and apply machine
learning in new application domains. Furthermore, students will be able to identify,
articulate, and discuss issues concerning ethics, gender, and diversity in the context of
the module’s content.
Content:

• Empirical risk minimisation and regularisation;
• probably approximately correct (PAC) learning;
• Vapnik–Chervonenkis (VC) dimension;
• kernel-based learning and support vector machines;
• least squares regression;
• deep learning and graph neural network (GNN).

Expected prerequisites: Prior programming skills and fundamental maths skills are
expected.
These prerequisites are covered in the module Machine Learning.
Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Theoretical Foundations and Research Topics in Machine Learning

Theoretical Foundations of Deep Learning

Workload for the module: 6,0 ECTS
Learning Outcomes: This module deals with the theoretical foundations of deep
learning.
Technical competencies: After successful completion of the module, students are able to:
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key components such as nonlinear transforms, pooling, convolutional structures,
and training methods; and

• explain theoretical insights into the performance of deep networks, including topics
like dictionary learning, early-layer transferability, energy decay with depth, Lips-
chitz continuity, depth’s role in overcoming the curse of dimensionality, adversarial
example construction, network geometry via random matrix theory, and invariance
learning.

Non-technical competencies: Students acquire foundational insights into deep learning
technologies and develop the ability to use these insights to assess both the use-cases and
limitations of deep learning across different application domains. Furthermore, students
will be able to identify, articulate, and discuss issues concerning ethics, gender, and
diversity in the context of the module’s content.

Content: The module contains the following topics:

• ingredients of deep learning,
• deep learning: application and approximation;
• exponential expressivity with depth;
• DNNs can overcome the curse of dimensionality;
• exponential growth of variance and correlation;
• variance of the Jacobian’s spectrum;
• stochastic gradient descent and its extensions;
• optimization algorithms for training DNNs;
• topology of the loss landscape;
• loss landscape: impact of parameterization and architecture;
• visualising the filters in a CNN;
• the scattering transform;
• autoencoders;
• GANs and adversarial examples; and
• physics-informed neural networks.

Expected prerequisites: This module requires only basic knowledge of linear algebra
and probability.
These prerequisites are taught in the module Machine Learning.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Theoretical Foundations of Deep Learning
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Workload for the module: 6,0 ECTS
Learning Outcomes: The goal of this module is to provide a solid understanding of the
foundations of the technologies for graph-structured data in order to compare their uses,
limits and possibilities. Studying them through the lens of database theory, computational
logic, and computational complexity, the students will achieve an understanding that
abstracts from the concrete data models and systems, enabling the students to effectively
leverage the potential of existing technologies and assess their limitations.
Technical competencies: On successful completion of the module, students will be able to

• compare and critique modern technologies for graphically structured data,
• apply finite state automata methods to various aspects of graph-structured data,
• translate modelling and constraint languages for graph-structured data into de-

scription logics (DLs),
• evaluate the computational cost of different features offered by graph database

technologies,
• compare different available technologies based on their expressiveness and compu-

tational cost, and
• assess the capabilities and limitations of new and emerging graph database tech-

nologies.

Non-technical competencies: Furthermore, students are able to contrast different for-
malisms, establish relationships between them and assess their appropriateness for
different problems. They will be able to identify common features of different types of
formalisms and to abstract mathematical formulations that unify different languages.
The material taught in this module does not have inherent gender or ethical aspects; the
module focuses on foundational skills based on formal logic and mathematics. Teaching
resources and methods will be developed with an awareness of diversity and ensuring a
welcoming environment for students from underrepresented groups.
Content:

• Various models of finite state automata (deterministic, non-deterministic, alternat-
ing), including automata over words and automata over trees; conversions between
selected models of automata

• regular expressions and their connection to automata;
• various models for graph-structured data;
• (labeled) trees as a special case of graph-structured data;
• navigational query languages for graph-structured data;
• notions of data and combined complexity for query languages;
• expressiveness and computational complexity of various features of query languages

for graph-structured data;
• description logics (DLs) as languages for modeling graph-structured data;
• DLs as languages for integrity constraints over graph-structured data;
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graph-structured using DLs;
• basic algorithms and complexity results for constraint languages based on DLs;
• graph-structured data as (non-materialized) views over relational data sources;
• selected topics on recent advances in the area.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.
Lectures of the Module:
6,0/4,0 VU Theory of Graph Data

Virtual and Augmented Reality

Workload for the module: 6,0 ECTS
Learning Outcomes:
Technical competencies: After successful completion of the module, students are able to:

• understand Tracking and display technologies;
• create 3D interaction in virtual environments;
• create distributed VR/AR systems;
• apply stereo rendering techniques; and
• understand the fundamental concepts of 3D input and output for interacting in

virtual environments.

Non-technical competencies: Students are able to:

• understand human perception in virtual environments (e.g., spatial understanding,
human motion, embodiment, and agency);

• remember medical applications of VR/AR systems;
• analyze training and education applications with VR/AR systems; and
• understand ethical, gender, and diversity considerations in the design of VR/AR

systems and 3D interactions, such as gender effects in cybersickness, human factors
during immersion in virtual environments, and improving accessibility in VR/AR
interfaces.

Content:

• Virtual reality and the related areas, augmented reality and mixed reality;
• Application areas and current areas of research (incl. medical applications);
• 3D graphics hardware;
• VR hardware: input and output devices: tracking and display technologies, inter-

action devices;
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• Psychological aspects (presence, immersion).

Expected prerequisites: Knowledge of Multimedia.
These prerequisites are covered in the module Multimedia.

Applied teaching and learning methods and appropriate performance assess-
ment: The applied teaching and learning methods must be indicated in the information
system for studies and teaching for each lecture before the start of the semester; the
examination modalities must also be specified.

Lectures of the Module:
6,0/4,0 VU Virtual and Augmented Reality
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1. Unless otherwise specified, the term “study” in the following refers to master’s
program Logic and Artificial Intelligence (Studienkennzahl UE 066 931). The term
“new curriculum” refers to the curriculum valid from Oct. 1, 2025 for this study
program at the Technical University of Vienna, and “old curriculum” refers to
curricula valid until then. Accordingly, “new” or “old” courses refer to those of the
new or old curriculum. The term “governing body responsible for study matters”
refers to the governing body responsible for master’s programLogic and Artificial
Intelligence

2. The transitional provisions apply to students who submit their degree according to
the new curriculum at the Technical University of Vienna and who were enrolled at
the master’s program Logic and Artificial Intelligence at the Technical University
of Vienna before July 1, 2025. The extent of the use of transitional provisions is
optional for these students.

3. Upon request of the student, the governing body responsible for study matters
may modify the transitional provisions individually or extend them to students not
covered by Paragraph 2.

4. Certificates for courses that are equivalent in content cannot be submitted simulta-
neously for the degree. In case of doubt, the governing body responsible for study
matters decides on the equivalence.

5. Certificates for old courses can, unless otherwise specified below, always be used
for the degree if the course was completed by the student in the summer semester
2025 or earlier.

6. Excess ECTS credits from the mandatory modules may be used as a substitute
for required achievements in elective modules as well as for Free Electives and/or
Transferable Skills. Excess ECTS credits from the elective modules may be used as
a substitute for required achievements in the Free Electives and/or Transferable
Skills.

7. If, after applying the provisions of the equivalence lists, ECTS credits are missing to
reach the required total of 120 ECTS credits for completing the Master’s program,
these may be covered by unused courses from the elective modules and/or Free
Electives and Transferable Skills to the necessary extent.

8. In the following, each course (old or new) is described by its ECTS credits (first
number) and semester hours (second number), its type, and its title. The number
of ECTS credits of the course actually completed is decisive.
The courses on the left side of the following table represent the old courses. On the
right side, the courses are listed for which the old courses may be used. Courses
listed under the same item in the equivalence lists are considered equivalent.
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4,0/4,0 VO Discrete Mathematics
5,0/2,5 UE Discrete Mathematics

6,0/4,0 VU Discrete Mathematics

4,0/4,0 VO Discrete Mathematics 6,0/4,0 VU Discrete Mathematics
3,0/2,0 VU Database Theory 6,0/4,0 VU Database Theory
3,0/2,0 VU Description Logics and Ontolo-
gies

6,0/4,0 VU Decidable Logics for Knowl-
edge Representation

3,0/2,0 VU Deontic Logic for Normative
Reasoning

6,0/4,0 VU Deontic Logic for Normative
Reasoning

6,0/4,0 VU Formal Methods in Computer
Science

6,0/4,0 VU Formal Methods in Systems
Engineering

3,0/2,0 VO History of Logic 6,0/4,0 VU History of Logic
3,0/2,0 VU Proof Systems in Modal Logic 6,0/4,0 VU Modal Logics
3,0/2,0 VU Non-classical Logics 6,0/4,0 VU Non-classical Logics
3,0/2,0 VO Refutation Systems 6,0/4,0 VU Nonstandard Deduction Sys-

tems
3,0/2,0 VU Quantum Computing 6,0/4,0 VU Quantum Computing
3,0/2,0 VU SAT Solving and Extensions 6,0/4,0 VU SAT Algorithms, Applications,

and Extensions
3,0/2,0 VU Modeling and Solving Con-
strained Optimization Problems

6,0/4,0 VU Algorithmic Encoding Tech-
niques

4,5/3,0 VU Algorithmic Geometry 6,0/4,0 VU Algorithmic Geometry
4,5/3,0 VU Algorithms in Graph Theory 6,0/4,0 VU Algorithms in Graph Theory
3,0/2,0 VU Approximation Algorithms
und/oder
3,0/2,0 VU Randomized Algorithms

6,0/4,0 VU Beyond Exact Algorithms

3,0/2,0 VU Complexity Theory 6,0/4,0 VU Complexity Theory
4,5/3,0 VU Fixed-Parameter Algorithms
and Complexity

6,0/4,0 VU Fixed-Parameter Algorithms
and Complexity

4,5/3,0 VU Graph Drawing Algorithms 6,0/4,0 VU Graph Drawing Algorithms
4,5/3,0 VU Heuristic Optimization Tech-
niques

6,0/4,0 VU Heuristic Optimization Tech-
niques

3,0/2,0 VU Mathematical Programming
und/oder
3,0/2,0 VU Optimization in Transport and
Logistics

6,0/4,0 VU Mathematical Programming
and Optimization in Logistics

3,0/2,0 VU Structural Decompositions
und/oder
3,0/2,0 VU Algorithmic Meta-Theorems

6,0/4,0 VU Structural Decompositions
and Algorithmic Meta-Theorems

6,0/4,0 VU Knowledge-based Systems 6,0/4,0 VU Logic-based Artificial Intelli-
gence

4,5/3,0 VU Abstract Argumentation 6,0/4,0 VU Abstract Argumentation
3,0/2,0 VU Knowledge Graphs 6,0/4,0 VU Knowledge Graphs
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Alt Neu
3,0/2,0 VU Nonmonotonic Reasoning 6,0/4,0 VU Nonmonotonic Reasoning
3,0/2,0 VU Preferences in Artificial Intel-
ligence

6,0/4,0 VU Preferences in Artificial Intel-
ligence

3,0/2,0 VU Theory of Knowledge Repre-
sentation
und/oder
3,0/2,0 VU Complexity Analysis

6,0/4,0 VU Principles of Knowledge Rep-
resentation

3,0/2,0 VU Probabilistic Reasoning 6,0/4,0 VU Probabilistic Reasoning
3,0/2,0 VU Semantic Technologies 6,0/4,0 VU Theory of Graph Data
3,0/2,0 VU Processing of Declarative
Knowledge
und/oder
3,0/2,0 VU Deductive Databases

6,0/4,0 VU Processing of Declarative
Knowledge

3,0/2,0 VU Problem Solving and Search
in Artificial Intelligence

6,0/4,0 VU Problem Solving and Search
in Artificial Intelligence

4,5/3,0 VU Machine Learning 6,0/4,0 VU Machine Learning
3,0/2,0 VU Advanced Reinforcement
Learning

6,0/4,0 VU Advanced Reinforcement
Learning

3,0/2,0 VU Generative AI 6,0/4,0 VU Generative AI
3,0/2,0 VU Theoretical Foundations and
Research Topics in Machine Learning

6,0/4,0 VU Theoretical Foundations and
Research Topics in Machine Learning

3,0/2,0 VO Critical Theory of Media and
Informatics
und/oder
3,0/2,0 UE Critical Theory of Media and
Informatics

6,0/4,0 VU Critical Theory of Media and
Informatics

3,0/2,0 VO Information Visualization
und/oder
1,5/1,0 UE Information Visualization

6,0/4,0 VU Information Visualization

4,0/3,0 VU AI/ML in the Era of Climate
Change

6,0/4,0 VU Introduction to Computa-
tional Sustainability

2,0/2,0 VO Virtual and Augmented Real-
ity
und/oder
4,0/3,0 UE Virtual and Augmented Real-
ity

6,0/4,0 VU Virtual and Augmented Real-
ity

3,0/2,0 VU Computer Aided Verification
und/oder
3,0/2,0 UE Computer Aided Verification

6,0/4,0 VU Computer Aided Verification

3,0/2,0 VU Program Analysis 6,0/4,0 VU Program Analysis
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Alt Neu
3,0/2,0 VU Modern Applications of Logic
in Machine Learning

6,0/4,0 VU Neurosymbolic Reasoning

3,0/2,0 SE Seminar in Knowledge Repre-
sentation and Reasoning

3,0/2,0 SE Seminar in Logic

3,0/2,0 SE Seminar in Knowledge Repre-
sentation and Reasoning

3,0/2,0 SE Seminar in Artificial Intelli-
gence

3,0/2,0 SE Seminar in Knowledge Repre-
sentation and Reasoning

3,0/2,0 SE Seminar in Theoretical Com-
puter Science

9. All courses that appear in the old curriculum as part of an advanced module listed
on the left side of the table below, and that have no corresponding modules in the
new curriculum, can be used as elective modules in the examination subject listed
on the corresponding right side of the table. Courses of type SE are assigned to
one of the modules Seminar in Artificial Intelligence, Seminar in Logic, or Seminar
in Theoretical Computer Science, depending on their subject matter.

Course in old advanced module Module in new examination subject
Algorithms and Complexity Algorithms and Complexity
Knowledge Representation and Artifi-
cial Intelligence

Symbolic Artificial Intelligence

Logic, Mathematics, and Theoretical
Computer Science

Logic and Theory

Programming Languages and Verifica-
tion

Safe and Trustworthy Systems

10. For completing the degree, either the module Formal Methods in Systems Engi-
neering or the module Machine Learning must be completed.

11. Under these transitional provisions, students may complete their studies with the
original title “Logic and Computation” if they notify the academic affairs body of
this in writing when submitting their degree certificate.
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The third semester is recommended as a mobility semester.

1. Term (WS)

6,0 VU Algorithmics
6,0 VU Discrete Mathematics
6,0 VU Logic and Computability

2. Term (SS)

6,0 VU Logic-based Artificial Intelligence
6,0 VU Machine Learning
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Courses
Modules marked with an asterisk are elective modules; the remaining ones are mandatory
modules.

Examination Subject “Logic and Theory”

Module “Discrete Mathematics” (6,0 ECTS)
6,0/4,0 VU Discrete Mathematics

Module “Logic and Computability” (6,0 ECTS)
6,0/4,0 VU Logic and Computability

*Module “Automata and Logic” (6,0 ECTS)
6,0/4,0 VU Automata and Logic

*Module “Automated Deduction” (6,0 ECTS)
6,0/4,0 VU Automated Deduction

*Module “Database Theory” (6,0 ECTS)
6,0/4,0 VU Database Theory

*Module “Decidable Logics for Knowledge and Data” (6,0 ECTS)
6,0/4,0 VU Decidable Logics for Knowledge and Data

*Module “Deontic Logic for Normative Reasoning” (6,0 ECTS)
6,0/4,0 VU Deontic Logic for Normative Reasoning

*Module “Gödel’s Incompleteness Theorems” (4,5 ECTS)
3,0/2,0 VO AKLOG Gödel’s Incompleteness Theorems
1,5/1,0 UE AKLOG Gödel’s Incompleteness Theorems

*Module “History of Logic” (6,0 ECTS)
6,0/4,0 VU History of Logic

*Module “Logical Foundations of Inductive Theorem Proving” (4,5 ECTS)
4,5/3,0 VO AKLOG Logical Foundations of Inductive Theorem Proving
1,5/1,0 UE AKLOG Logical Foundations of Inductive Theorem Proving

*Module “Modal Logics” (6,0 ECTS)
6,0/4,0 VU Modal Logics

*Module “Nonclassical Logics” (6,0 ECTS)
6,0/4,0 VU Nonclassical Logics
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6,0/4,0 VU Nonstandard Deduction Systems

*Module “Proof Theory” (6,0 ECTS)
3,0/2,0 VO Proof Theory 1
3,0/2,0 VO Proof Theory 2

*Module “Quantum Computing” (6,0 ECTS)
6,0/4,0 VU Quantum Computing

*Module “SAT Algorithms, Applications and Extensions” (6,0 ECTS)
6,0/4,0 VU SAT Algorithms, Applications and Extensions

Examination Subject “Algorithms and Complexity”

Module “Algorithmics” (6,0 ECTS)
6,0/4,0 VU Algorithmics

*Module “Advanced Research in Algorithmics” (6,0 ECTS)
6,0/4,0 VU Advanced Research in Algorithmics

*Module “Algorithmic Encoding Techniques” (6,0 ECTS)
6,0/4,0 VU Algorithmic Encoding Techniques

*Module “Algorithmic Geometry” (6,0 ECTS)
6,0/4,0 VU Algorithmic Geometry

*Module “Algorithms in Graph Theory” (6,0 ECTS)
6,0/4,0 VU Algorithms in Graph Theory

*Module “Beyond Exact Algorithms” (6,0 ECTS)
6,0/4,0 VU Beyond Exact Algorithms

*Module “Complexity Theory” (6,0 ECTS)
6,0/4,0 VU Complexity Theory

*Module “Fixed-Parameter Algorithms and Complexity” (6,0 ECTS)
6,0/4,0 VU Fixed-Parameter Algorithms and Complexity

*Module “Graph Drawing Algorithms” (6,0 ECTS)
6,0/4,0 VU Graph Drawing Algorithms

*Module “Heuristic Optimization Techniques” (6,0 ECTS)
6,0/4,0 VU Heuristic Optimization Techniques
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ECTS)
6,0/4,0 VU Mathematical Programming and Optimization in Transport Logistics

*Module “Structural Decompositions and Meta Theorems” (6,0 ECTS)
6,0/4,0 VU Structural Decompositions and Meta Theorems

Examination Subject “Symbolic Artificial Intelligence”

Module “Logic-based Artificial Intelligence” (6,0 ECTS)
6,0/4,0 VU Logic-based Artificial Intelligence

*Module “Abstract Argumentation” (6,0 ECTS)
6,0/4,0 VU Abstract Argumentation

*Module “Algorithmic Social Choice” (6,0 ECTS)
6,0/4,0 VU Algorithmic Social Choice

*Module “Knowledge Graphs” (6,0 ECTS)
6,0/4,0 VU Knowledge Graphs

*Module “Management of Graph Data” (6,0 ECTS)
6,0/4,0 VU Management of Graph Data

*Module “Nonmonotonic Reasoning” (6,0 ECTS)
6,0/4,0 VU Nonmonotonic Reasoning

*Module “Preferences in Artificial Intelligence” (6,0 ECTS)
6,0/4,0 VU Preferences in Artificial Intelligence

*Module “Principles of Knowledge Representation” (6,0 ECTS)
6,0/4,0 VU Principles of Knowledge Representation

*Module “Probabilistic Reasoning” (6,0 ECTS)
6,0/4,0 VU Probabilistic Reasoning

*Module “Problem Solving and Search in Artificial Intelligence” (6,0 ECTS)
6,0/4,0 VU Problem Solving and Search in Artificial Intelligence

*Module “Processing of Declarative Knowledge” (6,0 ECTS)
6,0/4,0 VU Processing of Declarative Knowledge

*Module “Theory of Graph Data” (6,0 ECTS)
6,0/4,0 VU Theory of Graph Data
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Module “Machine Learning” (6,0 ECTS)
6,0/4,0 VU Machine Learning

*Module “Advanced Reinforcement Learning” (6,0 ECTS)
6,0/4,0 VU Advanced Reinforcement Learning

*Module “Algorithms for Data Science” (6,0 ECTS)
6,0/4,0 VU Algorithms for Data Science

*Module “Applied Generative AI and LLM-based Systems” (6,0 ECTS)
6,0/4,0 VU Applied Generative AI and LLM-based Systems

*Module “Deep Learning for Natural Language Processing” (6,0 ECTS)
6,0/4,0 VU Deep Learning for Natural Language Processing

*Module “Generative AI” (6,0 ECTS)
6,0/4,0 VU Generative AI

*Module “Machine Learning for Optimization” (6,0 ECTS)
6,0/4,0 VU Machine Learning for Optimization

*Module “Neurosymbolic Reasoning” (6,0 ECTS)
6,0/4,0 VU Neurosymbolic Reasoning

*Module “Reinforcement Learning” (6,0 ECTS)
6,0/4,0 VU Reinforcement Learning

*Module “Stochastic Foundations of Cyber-Physical Systems” (6,0 ECTS)
6,0/4,0 VU Stochastic Foundations of Cyber-Physical Systems

*Module “Theoretical Foundations and Research Topics in Machine Learning” (6,0
ECTS)
6,0/4,0 VU Theoretical Foundations and Research Topics in Machine Learning

*Module “Theoretical Foundations of Deep Learning” (6,0 ECTS)
6,0/4,0 VU Theoretical Foundations of Deep Learning
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*Module “AI Ethics” (6,0 ECTS)
6,0/4,0 VU AI Ethics

*Module “Critical Algorithm Studies” (6,0 ECTS)
6,0/4,0 VU Critical Algorithm Studies

*Module “Critical Theory and Design” (6,0 ECTS)
6,0/4,0 VU Critical Theory and Design

*Module “Digital Humanism” (3,0 ECTS)
3,0/2,0 VU Digital Humanism

*Module “Explainable AI” (6,0 ECTS)
6,0/4,0 VU Explainable AI

*Module “Human-Centered AI” (6,0 ECTS)
6,0/4,0 VU Human-Centered AI

*Module “Information Visualization” (6,0 ECTS)
6,0/4,0 VU Information Visualization

*Module “Introduction to Computational Sustainability” (6,0 ECTS)
6,0/4,0 VU Introduction to Computational Sustainability

*Module “Responsible Digital Ethics” (6,0 ECTS)
6,0/4,0 VU Responsible Digital Ethics

*Module “Virtual and Augmented Reality” (6,0 ECTS)
6,0/4,0 VU Virtual and Augmented Reality

Examination Subject “Safe and Trustworthy Systems”

*Module “Advanced Cryptography” (6,0 ECTS)
6,0/4,0 VU Advanced Cryptography

*Module “Advanced Privacy Enhancing Technologies” (6,0 ECTS)
6,0/4,0 VU Advanced Privacy Enhancing Technologies

*Module “Computer-Aided Verification” (6,0 ECTS)
6,0/4,0 VU Computer-Aided Verification

*Module “Cryptocurrencies” (6,0 ECTS)
6,0/4,0 VU Cryptocurrencies
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6,0/4,0 VU Formal Methods for Security and Privacy

*Module “Formal Methods in Systems Engineering” (6,0 ECTS)
6,0/4,0 VU Formal Methods in Systems Engineering

*Module “Program Analysis” (6,0 ECTS)
6,0/4,0 VU Program Analysis

*Module “Smart Contracts” (6,0 ECTS)
6,0/4,0 VU Smart Contracts

*Module “Symmetric Cryptography” (6,0 ECTS)
6,0/4,0 VU Symmetric Cryptography

Examination Subject “Methods in Logic and Artificial Intelligence”

*Module “Seminar in Logic” (3,0 ECTS)
3,0/2,0 SE Seminar in Theoretical Computer Science

*Module “Seminar in Artificial Intelligence” (3,0 ECTS)
3,0/2,0 SE Seminar in Artificial Intelligence

*Module “Seminar in Theoretical Computer Science” (3,0 ECTS)
3,0/2,0 SE Seminar in Theoretical Computer Science

*Module “Project in Logic and Artificial Intelligence” (6,0–12,0 ECTS)
6,0/4,0 PR Project in Logic and Artificial Intelligence 1
6,0/4,0 PR Project in Logic and Artificial Intelligence 2

Examination Subject “Extension”

*Module “Extension” (up to 12,0 ECTS)

Examination Subject “Free Electives and Transferable Skills”

Module “Freie Wahlfächer und Transferable Skills” (9,0 ECTS)

Examination Subject “Diploma Thesis”
1,5/1,0 SE Seminar für Diplomand_innen

27,0 ECTS Diplomarbeit
1,5 ECTS Kommissionelle Abschlussprüfung
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The courses to be chosen within the module Freie Wahlfächer und Transferable Skills from
the topic area “Transferable Skills” may be selected, among others, from the following
catalog.
3,0/2,0 SE Coaching als Führungsinstrument 1
3,0/2,0 SE Coaching als Führungsinstrument 2
3,0/2,0 SE Didaktik in der Informatik
1,5/1,0 VO EDV-Vertragsrecht
3,0/2,0 VO Einführung in die Wissenschaftstheorie I
3,0/2,0 VO Einführung in Technik und Gesellschaft
3,0/2,0 SE Folgenabschätzung von Informationstechnologien
3,0/2,0 VU Forschungsmethoden
3,0/2,0 VO Frauen in Naturwissenschaft und Technik
3,0/2,0 SE Gruppendynamik
3,0/2,0 VU Kommunikation und Moderation
3,0/2,0 SE Kommunikation und Rhetorik
1,5/1,0 SE Kommunikationstechnik
3,0/2,0 VU Kooperatives Arbeiten
3,0/2,0 VU Präsentation und Moderation
1,5/1,0 VO Präsentation, Moderation und Mediation
3,0/2,0 UE Präsentation, Moderation und Mediation
3,0/2,0 VU Präsentations- und Verhandlungstechnik
4,0/4,0 SE Privatissimum aus Fachdidaktik Informatik
3,0/2,0 VU Rhetorik, Körpersprache, Argumentationstraining
3,0/2,0 VU Softskills für TechnikerInnen
3,0/2,0 VU Techniksoziologie und Technikpsychologie
3,0/2,0 VO Theorie und Praxis der Gruppenarbeit
3,0/2,0 VO Zwischen Karriere und Barriere
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Students who wish to apply the competencies acquired in the master’s program to
founding a startup, managing a company, or participating in university projects can
acquire the additional skills required for these activities through the supplementary
program Innovation, which can be completed alongside the master’s program.

The (additional) workload for the English-language supplementary program Innovation
amounts to 30 ECTS credits (equivalent to one semester). The completion of the
supplementary program Innovation can also take place after finishing the master’s
program.
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