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Programmes

LANGUAGES

Alexander Okhotin, Rovira i Virgili University, Tarragona
aleokh@utu.fi
1. Formal languages. Basic operations on languages. Automata and grammars. Syntax and parsing

2. Representation of languages. Descriptional complexity. Language families. Operations on languages and their properties. Closure under operations

3. Computability. Basic models of computation. Complexity of computation. Decision problems for formal languages

4. Languages of different objects (infinite words, finite and infinite trees). Different kinds of representation
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COMBINATORICS ON WORDS

Tero Harju, University of Turku
harju@utu.fi
1. Defect theorem

2. Critical factorization theorem

3. Ehrenfeucht’s conjecture

References
Lothaire, M. (1983), Combinatorics on Words. Addison-Wesley, Reading, MA.
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REGULAR GRAMMARS

Masami Ito, Kyoto Sangyo University
ito@ksuvx0.kyoto-su.ac.jp
1. Regular grammars and languages

2. Syntactic congruences

3. Deterministic and nondeterministic automata

4. Operations on languages

5. Shuffle products and closures

6. Directable automata and languages

References
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CONTEXT-FREE GRAMMARS

Manfred Kudlek, University of Hamburg
kudlek@informatik.uni-hamburg.de
1. Normal forms

2. Iteration lemmata

3. Derivation trees, ambiguity

4. Relation to pushdown automata

5. Deterministic context-free languages

6. Complexity of analysis

7. Decidability problems

8. Closure properties

9. Algebraic characterization
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MILDLY CONTEXT-SENSITIVE GRAMMARS

Henning Bordihn, University of Potsdam
henning@cs.uni-potsdam.de
1. Motivation, definitions and background

2. Tree-adjoining grammars and equivalent devices

3. Further approaches to mild context-sensitivity
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INFINITE WORDS

Juhani Karhumäki, University of Turku
karhumak@cs.utu.fi
1. Mechanisms to generate infinite words

2. Repetitions in infinite words and applications

3. Subword complexity of infinite words
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FINITE AUTOMATA

Sheng Yu, University of Western Ontario, London ON, Canada
syu@csd.uwo.ca
1. Deterministic and nondeterministic finite automata

2. Regular expressions

3. Automata minimization

4. State complexities of regular languages

5. Alternating finite automata

6. Equational representation of regular languages

7. Finite transducers and rational relations

8. Finite languages and cover automata

9. Fuzzy automata and fuzzy regular expressions

References
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CONTEXT-SENSITIVE GRAMMARS

Victor Mitrana, Rovira i Virgili University, Tarragona
vmi@urv.net
1. When and why context-freeness is not sufficient

2. Normal forms for context-sensitive grammars

3. Workspace theorem

4. Linear bounded automata. The LBA problem

5. Closure properties

6. Decidable properties

7. Context-sensitive grammars generating context-free languages

References
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PUSHDOWN AUTOMATA

Hendrik Jan Hoogeboom, Leiden University
hoogeboo@liacs.nl
1. Acceptance by final state and by empty stack: equivalence

2. Equivalence of pushdown automata and context-free grammars

3. Determinism, real-time property

4. LL(1) parsing

References

Autebert, J.-M., J. Berstel & L. Boasson (1997), Context-free languages and pushdown automata, in G. Rozenberg & A. Salomaa, eds., Handbook of Formal Languages, vol. I. Springer, Berlin.
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PARTIAL WORDS

Francine Blanchet-Sadri, University of North Carolina Greensboro
blanchet@uncg.edu
Strings of symbols from a finite alphabet, also referred to as words, have long been studied. This course will investigate partial words, that are strings that may contain a number of “do not know” symbols. While a word can be described by a total function, a partial word can be described by a partial function. More precisely, a partial word of length n over a finite alphabet A is a partial function from {0,...,n-1} into A. Elements of {0,...,n-1} without an image are called holes (a word is just a partial word without holes). In this course, we will first examine to which extent some properties of words, such as commutativity and conjugacy, remain true for partial words. We will then extend to partial words some fundamental periodicity results on words: (1) the well known and basic result of Fine and Wilf which intuitively determines how far two periodic events have to match in order to guarantee a common period; (2) the well known critical factorization theorem which intuitively states that the minimal period of a word is always locally detectable in at least one position of the word; and (3) the well known and unexpected result of Guibas and Odlyzko which states that the set of all periods of a word is independent of the alphabet size. We will finally study two fundamental properties of partial words: primitivity and borderedness. Lecture Notes “F. Blanchet-Sadri, Partial Words, ©2006 by Francine Blanchet-Sadri” will be distributed. Topics (and related links) include:

1. Basics

1.1. Preliminaries on partial words

http://www.uncg.edu/mat/reu/summer2005/
1.1.1. Background 

1.1.2. Periods and weak periods

1.1.3. Compatibility (x ⁭ y)

1.2. Combinatorial properties of partial words

http://www.uncg.edu/mat/research/equations/
1.2.1. Equidivisibility: ux ⁭ vy

1.2.2. Commutativity: xy ⁭ yx

1.2.3. Conjugacy: xz ⁭ zy

2. Periodicity

2.1. Fine and Wilf's theorem

http://www.uncg.edu/mat/research/finewilf/
2.1.1. The case of zero or one hole

2.1.2. The case of two or three holes

2.1.3. Special partial words

2.1.4. Graphs associated with partial words

2.1.5. The main result

2.2. Critical factorization theorem

http://www.uncg.edu/mat/cft/
http://www.uncg.edu/mat/research/cft2/
2.2.1. Orderings

2.2.2. The zero­hole case

2.2.3. The main result: first version

2.2.4. The main result: second version

2.2.5. Tests

2.3. Guibas and Odlyzko's theorem

http://www.uncg.edu/mat/AlgBin/
2.3.1. The zero­hole case

2.3.2. The main result

2.3.3. The algorithm

3. Primitivity

3.1. Primitive partial words and fundamental properties

http://www.uncg.edu/mat/primitive/
3.1.1. Testing primitivity on partial words

3.1.2. Powers of primitive partial words

3.1.3. Existence of primitive partial words

3.2. Unbordered partial words

http://www.uncg.edu/mat/border/
3.2.1. Concatenations of prefixes

3.2.2. Critical factorizations

3.2.3. Conjugates

The following link http://www.uncg.edu/mat/reu/resources/ contains useful information on relevant papers and recommended literature related to the course. They include:
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TURING MACHINES

Holger Petersen, University of Stuttgart
petersen@informatik.uni-stuttgart.de
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VARIETIES OF FORMAL LANGUAGES

Jean-Éric Pin, CNRS and University Paris 7

jean-eric.pin@liafa.jussieu.fr
1. Rational and recognizable sets

2. Finite automata and recognizable sets

3. Automata and semigroups

4. A bit of history...

5. Star-free languages

6. Piecewise testable languages

7. Locally testable languages

8. Varieties, Eilenberg's theorem

9. Elementary semigroup theory

10.  More examples of varieties

11.  Overview of recent advances
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To be distributed.

DESCRIPTIONAL COMPLEXITY OF AUTOMATA AND GRAMMARS

Detlef Wotschke, University of Frankfurt
wotschke@psc.informatik.uni-frankfurt.de
1. Major results in descriptional complexity of automata and grammars

2. Relationship between the use of limited resources (like nondeterminism, ambiguity, lookahead, etc.) and their effect on the smallest possible descriptions or representations of objects such as finite automata, probabilistic automata, pushdown automata, context-free grammars, etc.
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COMPUTATIONAL COMPLEXITY

Markus Holzer, Technical University of Munich
holzer@informatik.tu-muenchen.de
1. Basics in complexity theory: sequential classes, parallel classes

2. Fixed and general membership problems: Chomsky languages, regular languages revisited, Lindenmayer languages, other formal language classes

3. Some other problems: finiteness etc., counting problems

4. Operations on complexity classes

5. Auxiliary space bounded automata with abstract storage: pushdown automata, variants of stack automata
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PATTERNS

Kai Salomaa, Queen’s University, Kingston ON, Canada
ksalomaa@cs.queensu.ca
1. Pattern languages, E-patterns, NE-patterns

2. Equivalence and inclusion problems, connection to rewriting systems

3. Extended regex: expressions based on patterns

4. Ambiguity in patterns and extended regex

5. Pattern systems
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COMMUNICATION COMPLEXITY

Carsten Damm, University of Göttingen
damm@math.uni-goettingen.de
1. Motivation, definition and background

2. Some lower bound methods and results

3. Communication complexity and Chomsky hierarchy

4. Communication complexity and finite automata

5. A survey on communication problems and applications
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GRAMMAR SYSTEMS

Erzsébet Csuhaj-Varjú, Hungarian Academy of Sciences, Budapest
csuhaj@sztaki.hu
Grammar systems is a recent active field of formal language theory, providing syntactic models, frameworks and tools for describing and studying multi-agent systems at the symbolic level. Several scientific areas have inspired and influenced the developments in this theory: distributed and decentralized artificial intelligence, distributed and parallel computing, artificial life, molecular computing, robotics, ecology, sociology, etc. Computer networks, parallel and distributed computer architectures, distributed and cooperative text processing, natural language processing are candidates for possible applications.

A grammar system consists of several language identifying devices (language processors or linguistic agents) that jointly develop a common symbolic environment (usually, a string or a finite set of strings) by applying operations to it. The symbolic environment can be shared by the components of the system, or it can be given in the form of a collection of separated sub-environments, each belonging to a language processor. At any moment in time, the state of the system is represented by the current string describing the environment (collection of strings of the sub-environments). The functioning of the system is realized by changes in its states. Depending on the variant of multi-agent system that the actual grammar system represents, in addition to performing operations, the language processors are allowed to communicate with each other. The behaviour of the grammar system can be characterized by the set of sequences of environmental states following each other, starting from an initial state, or by the set of all environmental states originating from an initial state and satisfying some criteria (final states).

The aim of the course is to give a picture about the research directions in the area, without the aim of completeness, by presenting some important frameworks, models, and results.

1. Grammar systems: the theory

A short introduction about the motivations, preliminaries, and background information concerning grammar systems theory: aims and objectives, main research directions and perspectives of the area.

2. Cooperating distributed grammar systems

Cooperating distributed (CD) grammar systems are syntactic models of the well-known blackboard type problem solving systems from artificial intelligence, where the cooperating problem solving agents are represented by grammars which jointly generate words of a common language, corresponding to the set of problem solutions. The actual contents of the global database, the blackboard, used in the course of the problem solving process, is represented by the actual sentential form in generation. We discuss the most important variants of these systems and their cooperation protocols, the generative power and the descriptional complexity of these constructs. We demonstrate how notions as competence, fairness, incomplete information processing can be represented in terms of CD grammar systems.

3. Colonies

Colonies can be considered as grammatical models of communities of very simple, pure reactive agents with emergent behaviour. We discuss the basic variants of these constructions, with special emphasis on the notion of emergence in terms of formal language theory.

4. Eco-grammar systems

Eco-grammar systems are formal language theoretic models of artificial life, grammatical frameworks for describing the behaviour of communities of dynamically changing (developing) agents which are in interaction with their shared dynamically changing environment. We introduce the basic variants of eco-grammar systems and discuss their important properties, in particular the team behaviour of the agents. We also demonstrate how characteristics of life as birth, death, overpopulation, pollution can be expressed in terms of eco-grammar systems.

5. Networks of language processors

A network of language processors is a virtual graph (a network) with a language processor (a grammar) and a set (a multiset) of strings in each node. The language processors perform operations on the strings that can be found at the corresponding node and then communicate some of the obtained words to each other, according to a protocol. We discuss the two main variants of these constructions: parallel communicating grammar systems where communication is done by request, and parallel communicating grammar systems where communication is done by command. We describe their computational power and descriptional complexity, and demonstrate how phenomena typical in networks can be modelled by these systems. We also present examples for bio-inspired networks of language processors.
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SEMIGROUPS FOR THE WORKING THEORETICAL COMPUTER SCIENTIST
Stuart Margolis, Bar Ilan University
margolis@math.biu.ac.il
Purpose of the course: Semigroup theory has played a vital role in the theory of formal languages for more than 50 years. A formal language is regular if and only if its syntactic monoid is finite for example. In this course we will give the basics of semigroup theory with an eye towards applications in Theoretical Computer Science. We will pay special attention to representations of semigroups by concrete objects such as functions and matrices. We will see that this gives a unifying approach to the theory of automata of various kinds. We also will look at the computational complexity of problems related to semigroups and programs to compute with automata and semigroups.

Outline of the course
Lecture 1: Basic definitions and examples. Free monoids, matrices over semirings. Morphisms, congruences and the syntactic congruence in particular. Representations and automata. Ideals and Green's relations

Lecture 2: Rees Theorem. Sequential functions, Mealy automata, wreath product and the Krohn-Rhodes Theorem. Star free languages and Schutzenberger's Theorem

Lecture 3: Matrix representations, products of languages, products with counters. Inverse semigroups and automata and subgroups of free groups

Practice Session: Interactive working out of exercises and consequences proposed by the professor

Paper Session: A look at recent papers at the forefront of research in the connection between semigroup theory and theoretical computer science
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GRAMMARS WITH REGULATED REWRITING

Jürgen Dassow, University of Magdeburg
dassow@iws.cs.uni-magdeburg.de
1. Background and motivation. Regulation by context-conditions

2. Regulation by prescribed sequences of rules

3. Further regulations

4. Comparison of generative power

5. Decidability, computational and syntactic complexity

6. Some further properties
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AUTOMATA NETWORKS

Pál Dömösi, University of Debrecen
domosi@inf.unideb.hu
1. Automata networks and products of automata. Isomorphically and homomorphically complete classes. Glushkov decomposition theorem, Letichevsky decomposition theorem, Ésik-Horváth decomposition theorem. Letichevsky criteria

2. Krohn-Rhodes theory. Krohn-Rhodes theorem, holonomy decomposition theorem. Homomorphic completeness under the quasi-direct product and cascade product. Primitive product and temporal product

3. State-homogeneous networks. Network completeness for directed graphs. Complete finite automata network graphs with minimal number of edges. Completeness and computation. Asynchronous automata networks
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TREE AUTOMATA AND TREE LANGUAGES

Magnus Steinby, University of Turku
steinby@utu.fi
1. Finite tree automata and regular tree languages

2. Tree transducers and tree transformations

3. Tree automata and term rewriting
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TREE ADJOINING GRAMMARS

James Rogers, Earlham College, Richmond IN, United States
jrogers@cs.earlham.edu
1. Linguistic motivation: extended domain of locality, factoring recursion

2. Formal aspects: substitution and adjunction, derivation trees and derived sets, CFL and TAL, TAL closure results, recognizable tree sets and TAG tree sets, TAG tree set closure results, pumping lemma, independence of paths, MCTAG (variations, generative capacity), EPDA, LCFRS (head grammars, linear indexed grammar, CCG), multi-dimensional tree automata (CLH), FTAG, lexicalization (LTAG)

3. Linguistic aspects: EDL revisited, lexicalization revisited, FTAG revisited, the condition on elementary tree minimality, dependency, coordination

4. Synchronous TAGs: translation, generation

5. Syntax/semantics interface

6. Statistical approaches: supertagging
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TREE TRANSDUCERS

Zoltán Fülöp, University of Szeged
fulop@inf.u-szeged.hu
By a ‘tree’ we mean a term over a ranked alphabet. A tree transducer is a finite state device which computes a tree transformation, i.e. a binary relation over trees. Hence, tree transducers generalize sequential machines and serve as formal models of the syntax-directed translation.

There are several tree transducer models. However, in this lecture series we
consider only the most fundamental ones: the classical bottom-up and top-down tree transducers [1], attributed tree transducers [3,6] and macro tree transducers [2,6].

In the first lecture, we consider bottom-up and top-down tree transducers
and their restricted versions. We compare the computation power of the different tree transducer models by giving inclusion diagrams of the tree
transformation classes computed by them.

In the second lecture, we deal with the composition theory and the decomposition theory of tree transducers. We find tree transducer classes C, D and E such that the computation performed by the consecutive application of a tree transducer of type C and a tree transducer of type D can be simulated by a single tree transducer of type E (composition theory). Vice versa, we are interested in tree transducer classes E, C and D which have the following property: any tree transformation computed by a tree transducer of type E can be decomposed into two tree transformations of type C and D (decomposition theory). We give the full description of monoids generated by tree transformation classes in terms of inclusion diagrams and convergent string rewrite systems.

In the third lecture, we generalize top-down tree transducers. We introduce
macro tree transducers and attributed tree transducers. We compare their 
computation power and give some composition and decomposition results. 

The text of the above three lectures can be found in [4].

In the exercise session, we give examples of the tree transducer models and the constructions applied in the lectures. 

In the paper session, we will consider recent research papers as well as
open problems concerning tree transducers. 
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CONTEXTUAL GRAMMARS

Carlos Martín-Vide, Rovira i Virgili University, Tarragona
carlos.martin@urv.net
1. Basic classes of contextual grammars: generative power, characterizations, closure properties, decidability properties, descriptional complexity, parsing complexity, ambiguity

2. Contextual automata

3. Bracketed and structured contextual grammars

4. Variants of using selectors: restricted selection, maximal/minimal use of selectors

5. Derivation modes: leftmost derivation, parallel derivation, multi-dimensional contexts, derivation based on patterns

6. Insertion grammars
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FORMAL LANGUAGES AND CONCURRENT SYSTEMS

Jetty Kleijn, Leiden University

kleijn@liacs.nl
1. Introduction

2. Traces

3. Elementary net systems

4. Generalizations
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TWO-DIMENSIONAL LANGUAGES

Kenichi Morita, Hiroshima University
morita@iec.hiroshima-u.ac.jp
1. Basics for two-dimensional languages

2. Two-dimensional automata

3. Two-dimensional grammars
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GRAPH GRAMMARS AND GRAPH TRANSFORMATION

Hans-Jörg Kreowski, University of Bremen
kreo@informatik.uni-bremen.de
1. Motivating examples of graphs, graph languages, graph properties, graph-processing problems, and graph algorithms

2. Basic features of rule-based graph transformation

3. Graph transformation units

4. Context-free graph grammars

5. Parallelism and concurrency

6. Computing and modeling by graph transformation
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RESTARTING AUTOMATA

Friedrich Otto, University of Kassel
otto@theory.informatik.uni-kassel.de
1. Restarting automata: motivation, definitions and basic properties. Analysis by reduction: a motivation from linguistics. The RRWW-automaton. Restricted types of RRWW-automata. Error preserving property, correctness preserving property, pumping lemma. An RRWW-automaton for Lcopy := {w#w# | w ε {a, b}*}. A characterization for the use of auxiliary symbols

2. Monotone restarting automata. Monotonicity for restarting automata. Decidability of monotonicity. A characterization of the context-free languages by monotone RWW- and RRWW- automata. A characterization of the deterministic context-free languages by various types of monotone deterministic restarting automata. The taxonomy of monotone restarting automata

3. Deterministic restarting automata. The Church-Rosser languages. The growing context-sensitive languages. The shrinking two-pushdown automaton. A characterization of the Church-Rosser languages by the deterministic RWW- and RRWW-automata. The taxonomy of deterministic restarting automata

4. Nondeterministic restarting automata. The Gladkij language LGl := {w#wR#w | w ε {a, b}*}. An RWW-automaton for the Gladkij language. Weak monotonicity for restarting automata. A characterization of the growing context-sensitive languages by the weakly monotone RWW- and RRWW-automata. The computational power of nondeterministic restarting automata. The taxonomy of nondeterministic restarting automata

5. Left-monotonicity. Left-monotonicity for restarting automata. Shrinking (that is, weight-reducing) restarting automata. The power of left-monotone deterministic restarting automata. A characterization of the context-free languages by various types of left-monotone nondeterministic restarting automata. The taxonomy of left-monotone restarting automata

6. Degrees of (non-)monotonicity. A generalization of monotonicity: j-monotonicity and j-left-monotonicity. Hierarchy results with respect to the degree j of monotonicity. Hierarchy results with respect to the degree j of left-monotonicity. Hierarchy results with respect to the degree of weak monotonicity. Open problems and directions for further research
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TERM REWRITING SYSTEMS

Nachum Dershowitz, Tel Aviv University
nachumd@tau.ac.il
To be announced.

PETRI NET THEORY AND ITS APPLICATIONS

Hsu-Chun Yen, National Taiwan University, Taipeh
yen@cc.ee.ntu.edu.tw
Petri nets represent one of the most important mathematical models for describing concurrent systems and their behaviors. To understand the basic concepts, analytical techniques, capabilities and limitations of Petri nets, this short course focuses on Petri nets, their analytical techniques and properties from an automata/complexity viewpoint.

1. Introduction to Petri nets: basic notations and definitions, capabilities and limitations of Petri nets, restricted and extended classes of Petri nets

2. Analytical techniques for Petri nets: reachability analysis, coverability graph, matrix equation, structural analysis

3. Complexity/decidability issues of Petri net problems: upper and lower bounds for various Petri net problems, including reachabiltiy, boundedness, equivalence and containment, model checking, and more

4. Petri net languages: various Petri net languages and their closure properties, iteration lemma

5. Applications of Petri net theory: applications in supervisory control, membrane computing, and more
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