LNCS 2942 .

Dietmar Seipel
José Marla Turull Torres (Eds) !

:Foundanens

of Information and

‘Knowledge Systems

Third International Symposium, FolKS 2004
Wilhelminenburg Castle, Austria, February 2004
Proceedings




' Dietmar Seipel José Maria Turull-Torres (Eds.)

Foundations
of Information and
Knowledge Systems

Third International Symposiu um, FolKS 2004
Wilheminenburg Castle, Austria, February 17-20, 2004
Proceedings

lll)ﬂlllllllmIIIINIINHII!

E200401634

©) Springer



Series Editors

Gerhard Goos, Karlsruhe University, Germany
Juris Hartmanis, Cornell University, NY, USA
Jan van Leeuwen, Utrecht University, The Netherlands

Volume Editors

Dietmar Seipel

University of Wiirzburg

Department of Computer Science

Am Hubland, 97074 Wiirzburg, Germany
E-mail: seipel @informatik.uni-wuerzburg.de

José Maria Turull-Torres

Massey University

Department of Information Systems

Private Bag 11222, Palmerston North, New Zealand
E-mail: J.M.Turull@massey.ac.nz

Cataloging-in-Publication Data applied for
A catalog record for this book is available from the Library of Congress.

Bibliographic information published by Die Deutsche Bibliothek
Die Deutsche Bibliothek lists this publication in the Deutsche Nationalbibliografie;
detailed bibliographic data is available in the Internet at <http://dnb.ddb.de>.

CR Subject Classification (1998): H.2, H.3, H.5,1.2.4, F3.2, G.2

ISSN 0302-9743
ISBN 3-540-20965-4 Springer-Verlag Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer-Verlag. Violations are
liable for prosecution under the German Copyright Law.

Springer-Verlag is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2004
Printed in Germany

Typesetting: Camera-ready by author, data conversion by PTP-Berlin, Protago-TeX-Production GmbH
Printed on acid-free paper SPIN: 10983706 06/3142 543210



Lecture Notes in Computer Science
Edited by G. Goos, J. Hartmanis, and J. van Leeuwen

2942



Springer
Berlin
Heidelberg
New York
Hong Kong
London
Milan

Paris

Tokyo



Lecture Notes in Computer Science

For information about Vols. 1-2858

please contact your bookseller or Springer-Verlag

Vol. 2857: M.A. Nascimento, E.S. de Moura, A.L. Oliveira
(Eds.), String Processing and Information Retrieval. Pro-
ceedings, 2003. XI, 379 pages. 2003.

Vol. 2858: A. Veidenbaum, K. Joe, H. Amano, H. Aiso
(Eds.), High Performance Computing. Proceedings, 2003.
XV, 566 pages. 2003.

Vol. 2859: B. Apolloni, M. Marinaro, R. Tagliaferri (Eds.),
Neural Nets. Proceedings, 2003. X, 376 pages. 2003.

Vol. 2860: D. Geist, E. Tronci (Eds.), Correct Hardware
Design and Verification Methods. Proceedings, 2003. XII,
426 pages. 2003.

Vol. 2861: C. Bliek, C. Jermann, A. Neumaier (Eds.),
Global Optimization and Constraint Satisfaction. Pro-
ceedings, 2002. XII, 239 pages. 2003.

Vol. 2862: D. Feitelson, L. Rudolph, U. Schwiegelshohn
(Eds.), Job Scheduling Strategies for Parallel Processing.
Proceedings, 2003. VII, 269 pages. 2003.

Vol. 2863: P. Stevens, J. Whittle, G. Booch (Eds.), «<UML»
2003 — The Unified Modeling Language. Proceedings,
2003. X1V, 415 pages. 2003.

Vol. 2864: A.K. Dey, A. Schmidt, J.F. McCarthy (Eds.),
UbiComp 2003: Ubiquitous Computing. Proceedings,
2003. XVII, 368 pages. 2003.

Vol. 2865: S. Pierre, M. Barbeau, E. Kranakis (Eds.), Ad-
Hoc, Mobile, and Wireless Networks. Proceedings, 2003.
X, 293 pages. 2003.

Vol. 2866: J. Akiyama, M. Kano (Eds.), Discrete and Com-
putational Geometry. Proceedings, 2002. VIII, 285 pages.
2003.

Vol. 2867: M. Brunner, A. Keller (Eds.), Self-Managing
Distributed Systems. Proceedings, 2003. XIII, 274 pages.
2003.

Vol. 2868: P. Perner, R. Brause, H.-G. Holzhiitter (Eds.),
Medical Data Analysis. Proceedings, 2003. VIII, 127
pages. 2003.

Vol. 2869: A. Yazici, C. Sener (Eds.), Computer and Infor-
mation Sciences — ISCIS 2003. Proceedings, 2003. XIX,
1110 pages. 2003.

Vol. 2870: D. Fensel, K. Sycara, J. Mylopoulos (Eds.),
The Semantic Web - ISWC 2003. Proceedings, 2003. XV,
931 pages. 2003.

Vol. 2871: N. Zhong, Z.W. Ras, S. Tsumoto, E. Suzuki
(Eds.), Foundations of Intelligent Systems. Proceedings,
2003. XV, 697 pages. 2003. (Subseries LNAI)

Vol. 2873: J. Lawry, J. Shanahan, A. Ralescu (Eds.),
Modelling with Words. X111, 229 pages. 2003. (Subseries
LNAI)

Vol. 2874: C. Priami (Ed.), Global Computing. Proceed-
ings, 2003. XIX, 255 pages. 2003.

Vol. 2875: E. Aarts, R. Collier, E. van Loenen, B. de Ruyter
(Eds.), Ambient Intelligence. Proceedings, 2003. XI, 432
pages. 2003.

Vol. 2876: M. Schroeder, G. Wagner (Eds.), Rules and
Rule Markup Languages for the Semantic Web. Proceed-
ings, 2003. VII, 173 pages. 2003.

Vol. 2877: T. Bohme, G. Heyer, H. Unger (Eds.), Inno-
vative Internet Community Systems. Proceedings, 2003.
VIII, 263 pages. 2003.

Vol. 2878: R.E. Ellis, T.M. Peters (Eds.), Medical Im-
age Computing and Computer-Assisted Intervention -
MICCAI 2003. Part 1. Proceedings, 2003. XXXIII, 819
pages. 2003.

Vol. 2879: R.E. Ellis, T.M. Peters (Eds.), Medical Im-
age Computing and Computer-Assisted Intervention -
MICCAI 2003. Part II. Proceedings, 2003. XXXIV, 1003
pages. 2003.

Vol. 2880: H.L. Bodlaender (Ed.), Graph-Theoretic Con-
cepts in Computer Science. Proceedings, 2003. XI, 386
pages. 2003.

Vol. 2881: E. Horlait, T. Magedanz, R.H. Glitho (Eds.),
Mobile Agents for Telecommunication Applications. Pro-
ceedings, 2003. IX, 297 pages. 2003. -

Vol. 2882: D. Veit, Matchmaking in Electronic Markets.
XV, 180 pages. 2003. (Subseries LNAI)

Vol. 2883: J. Schaeffer, M. Miiller, Y. Bjornsson (Eds.),
Computers and Games. Proceedings, 2002. X1, 431 pages.
2003.

Vol. 2884: E. Najm, U. Nestmann, P. Stevens (Eds.), For-
mal Methods for Open Object-Based Distributed Systems
Proceedings, 2003. X, 293 pages. 2003.

Vol. 2885: 1.S. Dong, J. Woodcock (Eds.), Formal Meth-
ods and Software Engineering. Proceedings, 2003. X1, 683
pages. 2003.

Vol. 2886: I. Nystrom, G. Sanniti di Baja, S. Svensson
(Eds.), Discrete Geometry for Computer Imagery. Pro-
ceedings, 2003. XII, 556 pages. 2003.

Vol. 2887: T. Johansson (Ed.), Fast Software Encryption.
Proceedings, 2003. IX, 397 pages. 2003.

Vol. 2888: R. Meersman, Zahir Tari, D.C. Schmidt et
al. (Eds.), On The Meve to Meaningful Internet Systems
2003: CooplS, DOA, and ODBASE. Proceedings, 2003.
XXI, 1546 pages. 2003.

Vol. 2889: Robert Meersman, Zahir Tari et al. (Eds.), On
The Move to Meaningful Internet Systems 2003: OTM
2003 Workshops. Proceedings, 2003. XXI, 1096 pages.
2003.

Vol. 2890: M. Broy, A.V. Zamulin (Eds.), Perspectives of
System Informatics. Proceedings, 2003. XV, 572 pages.
2003.

Vol. 2891:J. Lee, M. Barley (Eds.), Intelligent Agents and’
Multi-Agent Systems. Proceedings, 2003. X, 215 pages.
2003. (Subseries LNAI) |

Vol. 2892: F. Dau, The Logxc System of Concept Graphs
with Negation. X1, 213 pages. 2003. (Subseries LNAI)



Vol. 2893: J.-B. Stefani, I. Demeure, D. Hagimont (Eds.),
Distributed Applications and Interoperable Systems. Pro-
ceedings, 2003. XIII, 311 pages. 2003.

Vol. 2894: €.S. Laih (Ed.), Advances in Cryptology - ASI-
ACRYPT 2003. Proceedings, 2003. XIII, 543 pages. 2003.

Vol. 2895: A. Ohori (Ed.), Programming Languages and
Systems. Proceedings, 2003. XIII, 427 pages. 2003.

Vol. 2896: V.A. Saraswat (Ed.), Advances in Comput-
ing Science — ASIAN 2003. Proceedings, 2003. VIIL, 305
pages. 2003.

Vol. 2897: O. Balet, G. Subsol, P. Torguet (Eds.), Virtual
Storytelling. Proceedings, 2003. XI, 240 pages. 2003.

Vol. 2898: K.G. Paterson (Ed.), Cryptography and Coding.
Proceedings, 2003. IX, 385 pages. 2003.

Vol. 2899: G. Ventre, R. Canonico (Eds.), Interactive Mul-
timedia on Next Generation Networks. Proceedings, 2003.
XIV, 420 pages. 2003.

Vol. 2900: M. Bidoit, P.D. Masses, CASL User Manual.
XIII, 240 pages. 2004.

Vol. 2901: F. Bry, N. Henze, J. Maluszynski (Eds.), Prin-
ciples and Practice of Semantic Web Reasoning. Proceed-
ings, 2003. X, 209 pages. 2003.

Vol. 2902: F. Moura Pires, S. Abreu (Eds.), Progress in
Artificial Intelligence. Proceedings, 2003. XV, 504 pages.
2003. (Subseries LNAI).

Vol. 2903: T.D. Gedeon, L.C.C. Fung (Eds.), A 2003: Ad-
vances in Artificial Intelligence. Proceedings, 2003. X VI,
1075 pages. 2003. (Subseries LNAI).

Vol. 2904: T. Johansson, S. Maitra (Eds.), Progress in
Cryptology —INDOCRYPT 2003. Proceedings, 2003. XI,
431 pages. 2003.

Vol. 2905: A. Sanfeliu, J. Ruiz-Shulcloper (Eds.), Progress
in Pattern Recognition, Speech and Image Analysis. Pro-
ceedings, 2003. XVII, 693 pages. 2003.

Vol. 2906: T. Ibaraki, N. Katoh, H. Ono (Eds.), Algorithms
and Computation. Proceedings, 2003. XVII, 748 pages.
2003.

Vol. 2908: K. Chae, M. Yung (Eds.), Information Security
Applications. Proceedings, 2003. XII, 506 pages. 2004.

Vol. 2910: M.E. Orlowska, S. Weerawarana, M.P. Papa-
zoglou, J. Yang (Eds.), Service-Oriented Computing —
ICSOC 2003. Proceedings, 2003. XIV, 576 pages. 2003.

Vol. 2911: TM.T. Sembok, H.B. Zaman, H. Chen, S.R.
Urs, S.H.Myaeng (Eds.), Digital Libraries: Technology
and Management of Indigenous Knowledge for Global
Access. Proceedings, 2003. XX, 703 pages. 2003.

Vol. 2912: G. Liotta (Ed.), Graph Drawing. Proceedings,
2003. XV, 542 pages. 2004.

Vol. 2913: T.M. Pinkston, V.K. Prasanna (Eds.), High Per-
formance Computing — HiPC 2003. Proceedings, 2003.
XX, 512 pages. 2003.

Vol. 2914: P.K. Pandya, J. Radhakrishnan (Eds.), FST TCS
2003: Foundations of Software Technology and Theo-
retical Computer Science. Proceedings, 2003. XIII, 446
pages. 2003.

Vol. 2916: C. Palamidessi (Ed.), Logic Programming. Pro-
ceedings, 2003. XII, 520 pages. 2003.

Vol. 2918: S.R. Das, S.K. Das (Eds.), Distributed Com-
puting — IWDC 2003. Proceedings, 2003. XIV, 394 pages.
2003.

Vol. 2919: E. Giunchiglia, A. Tacchella (Eds.), Theory and
Applications of Satisfiability Testing. Proceedings, 2003.
XI, 530 pages. 2004.

Vol. 2920: H. Karl, A. Willig, A. Wolisz (Eds.), Wire-
less Sensor Networks. Proceedings, 2004. XIV, 365 pages.
2004.

Vol. 2921: G. Lausen, D. Suciu (Eds.), Database Program-
ming Languages. Proceedings, 2003. X, 279 pages. 2004.

Vol. 2922: F. Dignum (Ed.), Advances in Agent Communi-
cation. Proceedings, 2003. X, 403 pages. 2004. (Subseries
LNAI).

Vol. 2923: V. Lifschitz, I. Niemel4 (Eds.), Logic Program-
ming and Nonmonotonic Reasoning. Proceedings, 2004.
IX, 365 pages. 2004. (Subseries LNAI).

Vol. 2924: J. Callan, F. Crestani, M. Sanderson (Eds.), Dis-

tributed Multimedia Information Retrieval. Proceedings,
2003. XII, 173 pages. 2004.

Vol. 2926: L. van Elst, V. Dignum, A. Abecker (Eds.),

Agent-Mediated Knowledge Management. Proceedings,
2003. X1, 428 pages. 2004. (Subseries LNAI).

Vol. 2927: D. Hales, B. Edmonds, E. Norling, J. Rouchier
(Eds.), Multi-Agent-Based Simulation III. Proceedings,
2003. X, 209 pages. 2003. (Subseries LNAI).

Vol. 2928: R. Battiti, M. Conti, R. Lo Cigno (Eds.), Wire-
less On-Demand Network Systems. Proceedings, 2004.
X1V, 402 pages. 2004.

Vol. 2929: H. de Swart, E. Orlowska, G. Schmidt, M.
Roubens (Eds.), Theory and Applications of Relational
Structures as Knowledge Instruments. Proceedings. VII,
273 pages. 2003.

Vol. 2931: A. Petrenko, A. Ulrich (Eds.), Formal Ap-
proaches to Software Testing. Proceedings, 2003. VIII,
267 pages. 2004.

Vol. 2932: P. Van Emde Boas, J. Pokorny, M. Bielikov4,
J. Stuller (Eds.), SOFSEM 2004: Theory and Practice of
Computer Science. Proceedings, 2004. XIII, 385 pages.
2004.

Vol. 2933: C. Martin-Vide, G. Mauri, G. Pdun, G. Rozen-
berg, A. Salomaa (Eds.), Membrane Computing. Proceed-
ings, 2003. VIII, 383 pages. 2004.

Vol. 2935: P. Giorgini, J.P. Miiller, J. Odell (Eds.), Agent-
Oriented Software Engineering I'V. Proceedings, 2003. X,
247 pages. 2004.

Vol. 2937: B. Steffen, G. Levi (Eds.), Verification, Model
Checking, and Abstract Interpretation. Proceedings, 2004.
XI, 325 pages. 2004.

Vol. 2938: Z. Zhang, C. Zhang, Agent-Based Hybrid Intel-
ligent Systems. XV, 196 pages. 2004. (Subseries LNAI).
Vol. 2942: D. Seipel, J.M. Turull-Torres (Eds.), Founda-
tions of Information and Knowledge Systems. Proceed-
ings, 2004. X, 321 pages. 2004.

Vol. 2944: K. Aberer, M. Koubarakis, V. Kalogeraki (Eds.),
Databases, Information Systems, and Peer-to-Peer Com-
puting. Proceedings, 2003. X, 249 pages. 2004.

Vol. 2945: A. Gelbukh (Ed.), Computational Linguis-
tics and Intelligent Text Processing. Proceedings, 2004.
XVIII, 651 pages. 2004.

Vol. 2946: R. Focardi, R. Gorrieri (Eds.), Foundations of
Security Analysis and Design I1. VII, 267 pages. 2004.
Vol. 2950: N. Jonoska, G. Pdun, G. Rozenberg (Eds.), As-
pects of Molecular Computing. XI, 391 pages. 2004.



Preface

This volume contains the papers presented at the 3rd International Symposium
on Foundations of Information and Knowledge Systems (FoIKS 2004), which was
held in Castle Wilhelminenberg, Vienna, Austria, from February 17th to 20th,
2004.

FoIKS is a biennial event focussing on theoretical foundations of information
and knowledge systems. It aims at bringing together researchers working on the
theoretical foundations of information and knowledge systems and attracting
researchers working in mathematical fields such as discrete mathematics, com-
binatorics, logics, and finite model theory who are interested in applying their
theories to research on database and knowledge base theory.

FoIKS took up the tradition of the conference series Mathematical Funda-
mentals of Database Systems (MFDBS) which enabled East-West collaboration
in the field of database theory. The first FolKS symposium was held in Burg,
Spreewald (Germany) in 2000, and the second FoIKS symposium was held in
Salzau Castle (Germany) in 2002. Former MFDBS conferences were held in Dres-
den (Germany) in 1987, Visegrad (Hungary) in 1989, and in Rostock (Germany)
in 1991. Proceedings of these previous events were published by Springer-Verlag
as volumes 305, 364, 495, 1762, and 2284 of the LNCS series, respectively.

In addition the FoIKS symposium was intended to be a forum for intensive
discussions. For this reason the time slots for long and short contributions were
50 and 30 minutes, respectively, followed by 20 and 10 minutes for discussions,
respectively. Furthermore, participants were asked in advance to prepare to act
as correspondents for the contributions of other authors. There were also special
sessions for the presentation and discussion of open research problems.

The FoIKS 2004 call for papers solicited contributions dealing with any fo-
undational aspect of information and knowledge systems, e.g.,

— mathematical foundations: discrete methods, boolean functions, finite model
theory

— database design: formal models, dependency theory, schema translations,
desirable properties

— query languages: expressiveness, computational and descriptive complexity,
query languages for advanced data models, classifications of computable que-
ries

— semi-structured databases and WWW: models of Web databases, querying
semi-structured databases, Web transactions and negotiations

— security in data and knowledge bases: cryptography, steganography, infor-
mation hiding



VI Preface

— integrity and constraint management: verification, validation, and enforce-
ment of consistency, triggers

— information integration: heterogenous data, views, schema dominance and
equivalence

— database and knowledge base dynamics: models of transactions, models of
interaction, updates, consistency preservation, concurrency control

— intelligent agents: multi-agent systems, autonomous agents, foundations of
software agents, cooperative agents

— logics in databases and AI: non-classical logics, spatial and temporal logics,
probabilistic logics, deontic logic, logic programming

— knowledge representation: planning, description logics, knowledge and belief,
belief revision and update, non-monotonic formalisms, uncertainty

— reasoning techniques: theorem proving, abduction, induction, constraint sa-

tisfaction, common-sense reasoning, probabilistic reasoning, reasoning about
actions.

The programme committee received 64 submissions. Each paper was carefully
reviewed by at least two experienced referees, and most of the papers were re-
viewed by three referees. Fourteen papers were chosen for long presentations
and four papers for short presentations. This volume contains versions of these
papers polished based on the comments made in the reviews. A few papers will
be selected for further extension and publishing in a special issue of the journal
Annals of Mathematics and Artificial Intelligence.

We would like to thank all authors who submitted papers and all workshop
participants for the fruitful discussions. We are grateful to the members of the
programme committee and the external referees for their timely expertise in ca-
refully reviewing the papers, and we would like to express our thanks to our hosts
for the beautiful week in the pleasant surroundings of Castle Wilhelminenberg
near Vienna.

February 2004 Dietmar Seipel
José Maria Turull-Torres
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Hypergraph Transversals

Georg Gottlob

Institut fiir Informationssysteme, Technische Universitit Wien
Favoritenstrafie 9-11, A-1040 Wien, Austria
gottlob@dbai.tuwien.ac.at

Hypergraph Transversals have been studied in Mathematics for a long time,
cf. [2]. Generating minimal transversals of a hypergraph is an important problem
which has many applications in Computer Science, especially in database Theory,
Logic, and AI. We briefly survey some results on problems which are known to
be related to computing the transversal hypergraph, where we focus on problems
in database theory, propositional Logic and Al (for a more detailed survey and
further references cf. [10]).

A hypergraph H = (V, E) consists of a finite collection E of sets over a finite
set V. The elements of E are called hyperedges, or simply edges. A transversal
(or hitting set) of H is a set T C V that meets every edge of E. A transversal
is minimal, if it does not contain any other transversal as a subset. The set
T of all minimal transversals of H = (V, E), constitutes together with V also a
hypergraph Tr(H) = (V,T'), which is called the transversal hypergraph of H. The
famous Transversal Hypergraph Problem (TRANS-HYP) is then as follows: Given
two hypergraphs G = (V, F') and X = (V, F) on a finite set V', decide whether § =
Tr(#) holds. The corresponding computation problem is called TRANSVERSAL
ENUMERATION (TRANS-ENUM) and is phrased as follows: Given a hypergraph
H = (V,E) on a finite set V', compute the transversal hypergraph Tr(H).

From the point of computability in polynomial time, the decisional and the
computational variant of the transversal hypergraph problem are in fact equiva-
lent: It is known that, for any class C of hypergraphs, TRANS-ENUM is solvable
in polynomial total time (or output-polynomial time), i.e., in time polynomial in
the combined size of H and Tr(H), if and only if TRANS-HYP is in the class P
for all pairs (H,G) such that H € C [3].

The precise complexity of TRANS-HYP is not known to date, and is in fact
open for more than 20 years now. Accordingly, it is unknown whether TRANS-
ENUM can be solved in output-polynomial time.

The problems TRANS-HYP and TRANS-ENUM have a large number of ap-
plications in many areas of Computer Science, including Distributed Systems,
Databases, Boolean Circuits and Artificial Intelligence. There, they have impor-
tant applications in Diagnosis, Machine Learning, Data Mining, and Explanation
Finding, see e.g. [9,12,17,20,21,22,24] and the references therein.

We call a decision problem IT TRANS-HYP-hard, if problem TRANS-HYP can
be reduced to it by a standard polynomial time transformation. Furthermore,
I is TRANS-HYP-complete, if IT is TRANS-HYP-hard and, moreover, IT can be
polynomially transformed into TRANS-HYP; that is, IT and TRANS-HYP are

D. Seipel and J.M. Turull-Torres (Eds.): FolKS 2004, LNCS 2942, pp. 1-5, 2004.
© Springer-Verlag Berlin Heidelberg 2004



2 G. Gottlob

equivalent modulo polynomial time transformations. We use analogous termi-
nology of TRANS-ENUM-+hardness and TRANS-ENUM-completeness for compu-
tations problems, i.e., problems with output (for more details, cf. [10]).

Let us first discuss issues of structural complexity. In a landmark paper,
Fredman and Khachiyan [15] proved that TRANS-HYP can be solved in time
n°(°8 ). and thus in quasi-polynomial time. This shows that the problem is most
likely not co-NP-complete, since no co-NP-complete problem is known which is
solvable in quasi-polynomial time; if any such problem exists, then all problems
in NP and co-NP can be solved in quasi-polynomial time.

A natural question is whether TRANS-HYP lies in some lower complexity
class based on other resources than just runtime. In a recent paper [11], it was
shown that the complement of this problem is solvable in polynomial time with
limited nondeterminism, i.e, by a nondeterministic polynomial-time algorithm
that makes only a poly-logarithmic number of guesses in the size of the input.
For a survey on complexity classes with limited nondeterminism, and for several
references see [18]. More precisely, [11] shows that non-duality of a pair G, H) can
be proved in polynomial time with O(x(n) -logn) suitably guessed bits, where
x(n) is given by x(n)X(™ = n; note that x(n) = o(logn).

This result is surprising, because most researchers dealing with the com-
plexity of the transversal hypergraph thought so far that these problems are
completely unrelated to limited nondeterminism.

A large number of tractable restrictions of TRANS-HYP and TRANS-ENUM
are known in the literature, e.g. [7,5,4,8,9,13,11,16,23,27], and references therein.

Examples of tractable classes are instances (H,G) where H has the edge
sizes bounded by a constant, or where H is acyclic. Various “degrees” of hy-
pergraph acyclicity have been defined in the literature [14]. The most general
notion of hypergraph acyclicity (applying to the largest class of hypergraphs) is
a-acyclicity; less general notions are (in descending order of generality) (-, v-,
and Berge-acyclicity (see [14]). In [9], it was shown that Hypergraph transversal
instances with (-acyclic H are tractable. In [11], this tractability result has been
recently improved to instances where H is a-acyclic and simple. This result is a
corollary to a more general tractability result for hypergraphs whose degeneracy
is bounded by a constant; simple, a-acyclic hypergraphs have degeneracy 1.

Furthermore, [11] shows that instances (H,G) of TRANS-HYP where the
vertex-hyperedge incidence graphs of H (or of G) have bounded treewidth are
solvable in polynomial time.

In the sequel, we mention a few problems closely related to TRANS-HYP
or TRANS-ENUM. These and many other such problems are discussed in detail
in [10,9].

Functional Dependency Inference

Given a database relation instance r and a set of functional dependencies (FDs)
F, deciding whether F' characterizes precisely the FDs holding on 7, i.e., deciding
whether F'* is identical with the set F.D(r) of all FDs valid on r, is TRANS-HYP-
hard and in co-NP. The precise complexity is currently open. The same problem
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becomes TRANS-HYP-complete if F' is in Boyce-Codd Normal Form (BCNF),
Le., iff all left hand sides of the FDs in F' are keys. Given a relation instance 7,
generating a cover F' of FDs suchthat F'* = FD(r) is TRANS-ENUM-hard. Vice-
versa, given a set F', generating a so-called Armstrong relation, i.e., a relation
instance r incorporating precisely all FDs of F'T is also TRANS-ENUM hard.
For more details on the Dependency Inference problem and on related problems
cf. [24,25,19,26,10], as well as the extended version of [9].

Data Mining: Maximal Frequent Sets

Given a 0/1 m xn matrix A and an integral threshold ¢, associate with each sub-
set C C {1,...,n} of column indices the subset R(C) of alltows 7 € {1,...,m} in
A such that A(r,j) =1 for every j € C. Then C is called frequent, if |R(C)| > t,
and C is called infrequent, if |R(C)| < t. Let us denote by Fy(A) and F,(A) the
sets of all frequent and infrequent column sets C' in A, respectively.

The generation of frequent and infrequent sets in A is a key problem in
knowledge discovery and data mining, which occurs in mining association rules,
correlations, and other tasks. Of particular interest are the maximal frequent
sets My, C F; and the minimal infrequent sets [, C Ft, since they mark the
boundary of frequent sets (both maximal and minimal under set inclusion). The
following result has been recently proved in [6]: The problem of computing, given
a 0/1 matriz A and a threshold t, the sets M, and I; is TRANS-ENUM-complete.

Theory Approximation: Horn Envelope

A logical theory X' is Horn, if it is a set of Horn clauses, i.e., disjunctions {; v
-+ -Vl of literals I; such that at most one of them is positive. Semantically, Horn
theories are characterized by the property that their set of models, mod(X), is
closed under intersection, i.e., M, M’ € mod(X) implies M N M' € mod(X);
here, M N M" is the model M" which results by atomwise logical conjunction of
M and M’ ie., M" =a iff M = a and M’ = a, for every atom a.

Any theory X' has a unique Horn envelope, which is the strongest (w.r.t. im-
plication) Horn theory X’ such that X' |= X', The Horn envelope might be rep-
resented by different Horn theories, but there is a unique representation, which
we denote by H Env(X'), which consists of all prime clauses of X’. The following
result was established in [22], where the TRANS-ENUM hardness part was proved
in [21]: The problem of computing, given the models mod(X) of a propositional
theory X, the Horn envelope H Env(X') is TRANS-ENUM-complete.

Dualization of Boolean Functions

There is a well-known and close connection of TRANS-ENUM to the well-known
dualization problem of Boolean Functions: given a CNF ¢ of a Boolean function
f, compute a prime CNF 1 of its dual f¢, i.e., the function which has value
1 in input vector b = (by,...,b,) iff f has value 0 on the input vector b =
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(bi®1,...,b,®1). Special algorithms for the dualization problem can be tracked
down at least to the 60’s of the past century, cf. [1]. It is not hard to see that this
problem is intractable; in fact, its decisional varian DUAL which given two CNF's
¢ and 1) of Boolean functions f and g, respectively. consists in deciding whether
¢ and 1 represent a pair (f,g) of dual Boolean functions is co-NP-complete,
where hardness holds even if 1 is asserted to be a prime CNF of g.

In case of monotone Boolean functions, the dualization problem is equiva-
lent to determining the transversal hypergraph. Let MONOTONE DUALIZATION
designate the subcase of DUALIZATION where f is a monotone Boolean function,
and similarly MONOTONE DuUAL the subcase of DUAL where f is a monotone
Boolean function.

The following statement summarizes well-known results that are part of
the folklore: MONOTONE DUALIZATION is TRANS-ENUM-complete, and MONO-
TONE DUAL is TRANS-HYP-complete. For a proof see [10].

Restricted Versions of the Satisfiability Problem

We denote by IMSAT (Intersecting Monotone SAT) the restriucted version of
the classical SAT problem where each clause contains either only positive literals
or only negative literals, and where every pair of a positive and a negative clause
resolves, i.e., there is at least one atom which occurs unnegated in the positive
clause and negated in the negative claues. The following holds [9,10}: IMSAT
is co-TRANS-HYP-complete. This complexity result holds even if we restrict
IMSAT instances to clause sets C where the negative clauses are precisely all
clauses C~ such that C~ = {~u:u € CT} for some positive clause Ct ¢ C.
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