BIBLIOTHEQUE DU CERIST

I. M. Havel V. Koubek (Eds.) A

Mathematical
Foundations of

Computer Science
1992

17 International Symposium
Prague, Czechoslovakia, August 24-28, 1992
Proceedings

Springer-Verlag
Berlin Ileidelberg New York
London Paris Tokyo

Hong Kong Barcelena
Budapest



BIBLIOTHEQUE DU CERIST

Series Rditors

Gerhard Goos Iyrig Hartmanis

Universitdt Karlsruhe Department of Computer Science
Pastfach 6980 Cornell University '
Vincenz-Priessnitz-Strafle 1 314% Upson Hall

W-7500 Karlsruhe, FRG Ithaca, NY 14853, USA

Volume Editors

Ivan M. Havel
Center for Theoretical Smdy, Instinute of Advanced Research
Ovocny trh 3, 116 36 Przha 1, Czechoslovakia

Viclav Koubek
Charles University Praha, Faculty of Mathematics and Physics
Maloscranské ndm. 235, 118 00 Praha |, Czechoslovakia

CR Subjecr Classification (1991): D.2.2, 333, E.L B4, K22, F3.7 F4.1-3,
G.2.1-2

ISBN 3-540-55808-X Springer-Veriag Berlin Heidelberg New York
ISEN 0-387-55808-X Springer-VerJag New York Beriin Heidelberg

This work is subjec: 10 copyright. All rights are rescrved, whether the whole or pari of
the matérial is concerned, specifically the rights of translation, reprinting, re-use of
Ulusirations, recilation, broadeasting, reproduction on microfilms or in any other way,
and storage in data banks, Duplication of this publication of parts thereof is permnitied
only under the provisions of the German Copyright Law of Scprember 9, 1945, in its
current version, and permission for use must always be obtained from Springer-Verlag.
Viclations are kiable for prosecution under the German Copyright Law.

© Springer-Verlag Berlin Heidelberg 1992

Printed in Germany

Typesatting: Camera ready by author/editor

Printing and binding: Druckhaus Beltz. Hemsbach/Bergsu.
45/3140-543210 - Printed on acid-free paper



BIBLIOTHEQUE DU CERIST

FOREWORD

This volume contains 10 invited papers and 40 short communications contributed
for presentation at the 17th Symposium or Mathematical Foundations of Computer
Science - MFCS’92, held in Prague, Czechoslovakia, August 24 - 28, 1992,

The contributions in these Proceedings were selected from 78 papers submitted
in response to the call for papers. The following program committee members took
part in the evaluation and selection of submitted papers:

Jean Berstel (Paris), Andrzcj J. Blikle (Warsaw), Ronald V. Book (Santa Bar-
bara), Michal Chytil {Prague}, Stephen A. Cook {Toronto), Karel Culik 1T {Colum-
bia), Peter van Emde Boas (Amsterdam), Risins V. Freivalds {Riga}, Ivan M. Havel
(Prague}, Juraj Hromkovi¢ (Paderborn), Viclav Koubek (Prague), Michael Luby
(Berkeley), Vaughar Pratt (Stanford), Albert R. Meyer (Cambridge), Arto Salo-
maa {Turku)}, Andrzej Salwicki (Warsaw), Alexander L. Semenov (Moscow}, Martin
Wirsing (Passau).

[n evaluating the submitied papers, the following referees assisted the program
committee members: J. Albert, R. Amachi, P. Beame, M. A. Bednarczyk, .. Boas-
son, R.N. Bol, G. Boudol, P. Capello, Ch. Choffrut, B. Codenotti, M. Crochemore,
M. Dietzfelbinger, F. Dedericks, K. Diks, 8. Dube, O. Egecioglu, M, Figge, 1. Fris,
Ch. Frougny, R. Gavalda, A. Goerdt, M. Goldwurm, M. Grabowski, I. Guessarian,
R. Hennicker, M.L. Hilton, J. Honkala, O. Ibarra, P. Jan&ar, J. Karhumdiki, J. Kari,
L. Kari, Ker-1-Ko, R. Klasing, J. N. Kok, M. Kiivanek, T. Leighton, J. Lutz, Y. Mé-
tivier, F. Mever auf der Heide, G. Mirkowska, A. Mueck, V. Niemi, D. Niwinski,
K. 8. Nowinski, E. Ochmanski, F. Otto, W. Pawlowski, M. Pelligrini, W. Penczek,
M. Penttonen, D. Perrin, H. Peierreins, V.J. Pollara, W. Preilowski, A, Renvali,
B. Reiis, J. Sakarovitch, K. Salomaa, Sheng Yu, V. Shoup, M. A. Sridhar, J. Ste-
wart, T. Szymacha, J. Tysskiewicz, B. Thomsen, W. Ungez, P. Urzyczyn, M. Vardi,
W. Vogler, H. Volger, R. Wanka, R. Weber, J. Winkowski.

The sympostumn was organized by the Faculty of Mathematics and Physics, Cen-
ter for Theoretical Study, and Computer Cenler of Charles University, Prague, and
Apgency Action M, Prapgue.

‘The organizing commutiee of MFCS’92 consisted of P. Krbec - Chairman, V. Ho-
rak, V. Koubek, F. Mids, J. Pelakovd, J. Peterka, M. Zeithamlova.

As the editors of these Proceedings we wish to thank all those who submitted
papers for copsideration, all program committee members and referees for their
meritorious work on evaluating the papers. Finally, the excellent cooperation of
Springer-Verlag in the publication of this volume is highly appreciated,

Prague, June 1992 Ivan M. Havel, Viclav Koubek
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On Range Searching with Semialgebraic Sets®

Pankaj K. Agarwal’ and Jif{ Matousek*

Abstract

Let P be a set of n points in J8® {d a small fixed positive integer), and let T
be a collection of subsets of B?, each of which is defined by a constant number
of bounded degree polynomials. The I'-range searching problem is defined as:
Preprocess P into a data structure, so that all points of F lying in a given
7 € T can be counted (or reported) efliciently. Generalizing the simplex range
searching techniques, we construct a data structure for I-range scarching with
nearly Bnear space and preprocessing time, which can answer a query in lime
O(nl_l"rb'i"s), where d <0 < 2d — 3 and & > 0 is an arbitrarily small constant.
The actnal value of & is related io the problem of partitioning arrangements of
algebraic surfaces into constant-complexity cells.

1 Introduction

Let T be a family of subsets of the d-dimensional space R? (d is a small constant}
such that each v € I' can be deseribed by some fixed rumber of real parameters (for
example, I' can be the set of balls, or the set of all intersections of two ellipscids,
ete,; see below for a more formal definition). We will consider the T-range searching
which is defined as: Preprocess a set P of n points in RY into a data structure,
so that all points of P lying in a query object + € [ can be counted or reported
efficiently. Actually we will consider a more general setting, where one assumes a
weight function on points and asks for a cumulative weight of points in P N+y. The
weights are assumed to belong to a semigroup, i.e., subtractions are not allowed. We
will assume that the semigroup operations can be executed in constant time.

A speeial case of the P-range searching problemn that has been intensively studied
is the simpler range searching, where [ is the set of all d-dimensional sirnplices. This
simplex range searching is by now reasonably well undersiood: lower bounds were
given by Chazelle {Cha89), and nearly maiching upper bounds were given by Chazelle
et al. [CSW90] and further improved by Matousek [Mat9lc, Mat92] (some of the
several previous significant works on this problem include [Wil82, YY85, HW&7,
CW89]). Ignoring varicus logarithmic and smaller factors, these results essentially
say that the simplex range searching problerm can be solved either with roughly linear.
storage and preprocessing and O(nl_”d) query time, or with a polylogarithmic

*Part of the work by P.A. was supported by National Science Foundation Grant COR-91-06514.
Fart of the work by J.M. was supported by Humbolde Research Fellowship.

tComputer Science Department, Duke University, Durham, NC 27706

IKatedra aplikované matamatiky, Universita Kartova, Praha and Institut fiir Informatik, Freie
Universitat Berlin





