03-IMVT-FAMT Finite and Algorithmic Model Theory

Lehrform (teaching format) / SWS (hours per week): 2VL + 2UE

Kreditpunkte (credit points): 6

Turnus (frequency): usually, each winter term

Inhaltliche Voraussetzungen (content-related prior knowledge/skills): Theoretische Informatik 1+2
Sprache (language): English

Lehrende (teaching staff): AG Theoretische Informatik (Prof. Dr. Sebastian Siebertz)

Studiengang (degree program) Module Semester
Infornatik (Master) IMVT, IMVT-SQ ab 1.Sem.
Infornatik (Bachelor) (nur Freie Wahl)

Lernergebnisse:

o Die Studierenden erlangen Kenntnisse Uber grundlegende und fortgeschrittene Konzepte aus der
Modelltheorie und endlichen Modelltheorie.

¢ Die Studierenden erlangen Kenntnisse Uber grundlegende Konzepte aus der Komplexitatstheorie.

¢ Die Studierenden sind in der Lage, komplexe Aufgaben in Gruppen und selbststéndig zu |6sen.

« Die Studierenden kdénnen erarbeitete Ergebnisse prazise und pragnant prasentieren.

« Die Studierenden sind in der Lage, englische Fachtexte zu verstehen und ihre Ergebnisse auf Englisch zu
kommunizieren.

Learning Outcome:

Inhalte / Contents:

Finite model theory, that is, the model theory of nite structures, has its roots in classical model theory.
However, its systematic development was strongly influenced by questions of complexity theory and
database theory. In this course we are going to cover the basics of classical first-order and second-order
model theory. When restricting to finite structures, the essential theorems, most notably the compactness
theorem for first-order logic, fail. We will study the game theoretic methods of Ehrenfeucht and Fraisse that
survive and even gain in power over finite models. We then turn our attention to descriptive complexity
with the aim to provide machine independent descriptions of important complexity classes. For example,
the question whether PTime = PSpace in this theory amounts to the question whether least fixed-point
logic has the same expressive power as partial fixed-point logic over finite structures. Finally, we will study
locality properties of first-order logic with applications to the algorithmic evaluation and enumeration of
queries in relational databases and graphs.

Contents:

o Basic first-order model theory, compactness

o Game characterisations of first-order logic, second-order logic and fixed-point logics
+ Game based approaches to model-checking over finite structures

e Basic complexity theory and descriptive complexity



¢ Model-checking and query evaluation and enumeration over relational databases

Hinweise (remarks): The table lists only the primary / most specific modules to which this course is
assigned.



