
THEORETICAL COMPUTER SCIENCE

The research performed in the Department of Foun-
dations of Computer Science lies in the intersection of
algebra, logic and computer science. The main themes
are automata and formal languages, tree automata
and term rewriting, weighted tree automata, logics on
words and trees, finite model theory, fixed point op-
erators in computer science, and axiomatic questions.

I. FIXED POINTS IN COMPUTER SCI-

ENCE

We studied categorical models that give rise to solu-
tions of recursion schemes [1,3], the expressive power
of recursion schemes [2, 4, 5], and complete descrip-
tions of the equational properties of fixed point op-
erations [11]. The papers [9, 10] provide applications
of fixed point theory to fuzzy languages and weighted
tree automata.

II. TREE AUTOMATA, TERM REWRIT-

ING AND LOGICS ON WORDS AND

TREES

We studied logical aspects of automata and tree au-
tomata. In the papers [12–18, 20–22], we gave alge-
braic and game theoretic characterizations of various
logics on words and trees, including linear and branch-
ing time temporal logics, and extensions of first-order
logic by Lindström quantifiers. In [19], we gave a com-
plete axiomatization of regular tree languages.

In [38, 39], we investigated macro pebble tree
transducers. We showed that three different versions
of the circularity problem for pebble macro tree trans-
ducers are decidable. Moreover, we proved several
composition and decomposition results and showed
that the type checking problem for pebble macro tree
transducers is decidable.

In [46], we showed that there are finitely many
descendants of any recognizable tree language L for
all linear monadic term rewrite systems, and we
gave these descendants through finitely many linear
monadic term rewrite systems. In [47], we considered
the ranked alphabet consisting of a binary symbol.
Then we gave a rewrite system R effectively preserv-
ing recognizability on any ranked alphabet obtained
by adding finitely many nullary symbols, and losing
recognizability on the ranked alphabet obtained by
adding one unary and one nullary symbol. In [48],
we showed that some basic properties of murg term
rewrite systems are undecidable. In [49], we com-
pared the computing powers of a given determinis-
tic bottom-up tree transducer and a given ground
term rewrite system. In [50], we gave a weak quasi-
decision procedure for deciding whether the range of a
bottom-up tree transducer is recognizable, and in [51]
we showed that it is decidable for any extended ground
term rewrite system R whether there is an equivalent
ground term rewrite system S.

III. WEIGHTED AUTOMATA AND SEMI-

RINGS

In the papers [6–8,23–28], we carried out research on
the axiomatic foundation of weighted automata. We
identified several structures for this purpose such as
Conway and iteration semirings [6–8, 27, 28], Conway
and iteration semiring-semimodule pairs [25, 26]. We

derived several key results of the theory of automata
in the axiomatic settings.

IV. WEIGHTED TREE AUTOMATA AND

TREE TRANSDUCERS

In [29], we used simulation to characterize equivalence
of weighted tree automata. In [34], we gave a sum-
mary on several important results for weighted tree
automata and weighted tree transducers. In [35], we
characterized the syntactic KΣ-algebras of recogniz-
able tree series and showed that all subdirectly irre-
ducible KΣ-algebras are syntactic. In [36], we proved
that a tree series is recognizable by a tree automa-
ton over a multioperator monoid iff it appears as the
composition of a relabeling tree transformation, a rec-
ognizable tree language, and a tree series computed by
a one-state weighted tree automaton of the same type.
In [37], we presented a Kleene theorem on the equiv-
alence of recognizability and rationality for tree se-
ries over distributive multioperator monoids. In [40],
we proved that tree series recognizable by weighted
tree walking automata over a commutative semiring
K form a strict subclass of the class of recognizable
tree series over K.

V. HIGHER DIMENSIONAL AUTOMATA

In the papers [42, 44, 45], we studied languages of
higher dimensional words (elements of free algebras
with several independent associative operations) and
their acceptors, called parenthesizing automata.

VI. OTHER

In [30], we gave estimations of the state complexity
of several operations on finite automata, such as op-
erations induced by boolean functions. In [31–33], we
opened a new direction in the study of infinitary lan-
guages by introducing context-free grammars gener-
ating languages of countable words.

The iterated shuffle is a frequently used operation
to describe sequential execution histories of concur-
rent processes. In [43], necessary and sufficient con-
ditions have been derived for regularity and context-
freeness of the iterated shuffle of languages belonging
to several simple classes of regular languages.

In [41], we gave new upper bounds for the length of
the shortest i-directing word of an i-directable nonde-
terministic automaton for i = 1, 2, 3. For i = 1, 2 our
bounds are asymptotically tight. These questions, in-
troduced by Burkhardt in 1976, are motivated by the
well-known Černý conjecture which is still open since
1964.
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[10] Z. Ésik: Fixed point theory, in: Handbook of
Weighted Automata, Springer, 2009, 29–65.
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[23] Z. Ésik, W. Kuich: Fixed points in semiring the-
ory. Proceedings of the 1st International Work-
shop on Theory and Application of Language
Equations (M. Kunc, A. Okhotin, eds.), Turku
Center for Computer Science, 2007, pp. 5–13.
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[25] Z. Ésik, W. Kuich: On iteration semiring-
semimodule pairs, Semigroup Forum, 75(2007),
129–159.
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[30] Z. Ésik, Y. Gao, G. Liu, S. Yu: Estimation of
state complexity of combined operations, Theo-
retical Computer Science, 410(2009), 3272–3281.
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3. Z. Ésik, Ed.: Automata and Formal Languages
2005, Special Issue, Theoretical Computer Sci-
ence, Volume 366, Number 3, 2006, 181–315.
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II. ORGANIZED CONFERENCES

In the period 2006-2009, the Department of Founda-
tions of Computer Science has organized the following
conferences and workshops:

1. Annual Conference of the European Association
for Computer Science Logic, CSL’06, Szeged,
Hungary, September 25–29, 2006.

2. Logic and Combinatorics, Satellite Workshop
of CSL’06, Szeged, Hungary, September 23–24,
2006.

3. Algebraic Theory of Automata and Logic,
Satellite Workshop of CSL’06, Szeged, Hungary,
September 30 and October 1, 2006.

4. 16th International Symposium on Fundamen-
tals of Computation Theory, FCT’07, Bu-
dapest, Hungary, August 27–30, 2007.
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5. 12th International Conference on Automata
and Formal Languages, AFL’08, Balatonfüred,
Hungary, May 27–30, 2008.
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