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Predhovor

Mili priatelia,

vitame Vas na jubilejnej 10. Konferencii kogickych matematikov, ktora sa
kona v ramci oslav 50. vyrocia zalozenia Univerzity Pavla Jozefa Safarika
v Kosiciach a 40. vyroc¢ia zalozenia Fakulty elektrotechniky a informatiky
TU v Kogiciach.

Konferenciu organizuje Jednota slovenskych matematikov a fyzikov, po-
bocka Kosice, v spolupraci s Ustavom matematickych vied Prirodovedeckej
fakulty UPJS, katedrami matematiky Technickej univerzity a pobockou
Slovenskej spolo¢nosti aplikovanej kybernetiky a informatiky pri KRVP
BF TU v Kosiciach. Konferencia sa koné, tak ako aj jej predchidzajuce
ro¢niky, v dtulnom prostredi Ucéebno-vycvikového zariadenia TU Kogice
v Herlanoch.

Cielom konferencie je zintenzivnif stavovsky Zzivot vSetkych, ktori sa
v Kogiciach a okoli profesiondlne zaoberaji matematikou (t. j. ucitelov
vSetkych typov §kol, pracovnikov na poli matematickych a informatickych
vied a aplikicii matematiky v priemysle, technike, bankovnictve a inde)
a formulovat zakladné oblasti ich stavovskych zdujmov. Odborny program
konferencie tradi¢ne pozostéva z pozvanych prednasok, prihlasenych refera-
tov a diskusii o stavovskych problémoch. Prvé dva dni st venované prezen-
técii vysledkov mladych (nielen kogickych) matematikov a doktorandov. Pi-
atkovy a sobothajsi program napliiaju prednasky pozvanych prednéasatelov.
V programe konferencie je vytvoreny priestor aj pre diskusiu o nagich prob-
lémoch.

Takato struktira programu sa vyprofilovala z poznatkov minulych roc¢-
nikov konferencie. Doktorandom a mlad§im matematikom je poskytnuty
priestor na ziskanie sktisenosti pri prezentéacii svojich vysledkov. Je potesu-
juce vidiet, ako sa kazdym rokom zlepSuji ich vystipenia. Organizacny
vybor konferencie sa snazi pozyvat vyznamné osobnosti matematiky, ktoré
v ramci svojich prednasok ukazu miesto matematiky v spolo¢enskom Zivote
a sducCasné trendy jej rozvoja. V Zzivej paméti mame prednéasky profesorov
V. Balinta, P. Brunovského, L. Bukovského, K. Cechlarovej, M. Fiedlera,
A. Chechkina, M. Komana, J. Kopku, R. Mesiara, A. Plockého, I. Podlub-
ného, A. Recskiho, I. Schiermeyera, O. Sedivého, K. Zimmermanna a radu
dalgich uznavanych matematikov. Nejedna z pozvanych prednasok mala
taky pozitivny ohlas, Ze ich autori boli pozvani predniest ich na inych kon-
ferenciach.
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Streda 22. 4. 2009
— Otvorenie

- Julius Czap (UMV PF UPJS) Looseness of plane graphs

— Martin Tajbos (UMV PF UPJS) Viha hrin grafov pre vybrané
triedy grafov s dedicniymi vlastnostami

— Michal Stas (UMV PF UPJS) Classification of II}-complete sets

— Martin Boda (KM FPV UMB BB) The framework for empirical
verification of the Sharpe-Lintner version of the CAPM

— Kavova prestavka

— Emilia Drazenska (KM FEI TU) On the crossing numbers of Carte-
stan product of stars with the graph Ks s o

— Daniela Kravecovd (KM FEI TU) The crossing number of P2 x C,,

— Erika Skrabulakova (UMV PF UPJS) Facial non-repetitive edge-
colouring of plane graphs

— Vecera

Stvrtok 23. 4. 2009
— 1239 Workshop: Volnd diskusia — vimena skisenosti

— Obed

— Sergej Sevec (UMV PF UPJS) Noninscribability and hard inscrib-
ability

— Kotorova Renata (KM FEI TU) Viastnosti rieSeni diferencidlnych
rovnic tretieho radu s posunutym argumentom

~ Tomés Skovranek (URIVP BERG TU) Identifikicia sistav
lubovolného redlneho ridu: Novd metdda zaloZend na sistavdch
diferencidlnych rovnic necelociselného rdadu a ortogondlnej regresie

~ Eva Pillarova (UMV PF UPJS) Problém spravodlivého delenia
— Kavova prestavka

— Viera Borbelova (UMV PF UPJS) Matematické metédy vo vy-
mendch obliciek

— Maria Kolkova (UMV PF UPJS) Problémy Ziakov s matematickou
reflexiou pri rieSent stochastického problému
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Identification of systems of arbitrary real
order: a new method based on solution
of systems of fractional order differential
equations and orthogonal distance fitting

T. Skovranek!, V. Despotovi&?

! Technical University in Kogice, Faculty BERG, Slovakia
2 Belehrad University, Serbia

A new method for identification of systems of arbitrary real order based
on numerical solution of systems of fractional order differential equations
and orthogonal distance fitting is presented. The main idea is to fit experi-
mental or measured data using a solution of a system of fractional differen-
tial equations, where parameters of these equations, including the orders of
derivatives, are subject to optimization process. The criterion of optimiza-
tion is the minimal sum of orthogonal distances of the data points from the
fitting line. The examples are presented in 2-dimensional and 3-dimensional
problems.

On weight of graphs for peculiar
graphs family — hereditary properties

Mgr. Martin Tajbos

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

For a graph G = (V, E) and e = {z,y} € E(G) the weight of e is defined
as w(e) = deg(x) + deg(y). Erdds asked the question what is the minimum
weight of an edge e of a graph G having n vertices and m edges? Let G(n, m)
be the family of all graphs having n vertices and m edges. Motivated by
Erdds’s question Ivanco, Jendrol [I] and Jendrol, Schiermeyer [2] solved
the problem

W(n,m) = max min w(e) ¢ .
GeG(n,m) | e€E(G)
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Achromatic index of a complete graph
versus finite projective planes

Mirko Hornak

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

Let G be a simple finite undirected graph. An edge colouring ¢ : E(G) —
C' is regular if ¢(e1) # ¢(e2) whenever e; is adjacent to es; it is complete
provided for any two distinct colours c1,co € C' there is a pair of adjacent
edges ey, ez € E(G) such that ¢(e;) = ¢;, i = 1,2. The achromatic index of
the graph G is the maximum number of colours in a complete regular edge
colouring of G. The lecture will be devoted to A(n), the achromatic index
of the complete n-vertex graph K,. A special emphasis will be put on a
remarkable result by Bouchet who proved that for an odd integer ¢ > 3 the
following statements are equivalent:

(1) A(@®+q+1)=ql¢®*+q+1).

(2) There is a projective plane of order q.

State Complexity of Cyclic Shift
Galina Jiraskova

Mathematical Institute, Slovak Academy of Sciences,
Gresakova 6, 040 01 Kosice, Slovakia

Cyclic shift is a unary operation on formal languages defined as SHIFT(L)
= {vu | uwv € L}. The operation preserves both regularity and context-
freeness. Its state complexity has been addressed in Maslov’s paper on the
state complexity of regular language operations (1970, Soviet Math. Dokl.
11, 1373-1375), where a high lower bound for partial deterministic finite
automata using a growing alphabet was given.

We improve this result by using a fixed four-letter alphabet and obtain-
ing a lower bound 27" +n108n=0(n) on the state complexity of this operation.
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An algorithm for fair division
Eva Pillarova

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

Fair division, also known as the cake cutting problem, is the problem of
dividing a divisible good among n players in such a way that each player
believes that he has received a fair amount. Cake is represented by interval
(0,1) and players value various pieces of the cake differently, i.e. it is as-
sumed that player i has a utility function u; : (0,1) — R™. Fairness can be
conceptualized in different ways, like proportionality (each player receives a
piece with utility at least % of the cake from his point of view), envy-freeness
(players do not envy each other) or equitability (utilities of pieces assigned
to all players are equal).

We propose a new Bisection procedure for 2 players that leads to an
e-equitable division of the cake (the difference betweeen utilities of pieces
assigned to players is not higher than the predetermined value ¢). Players
do not need to reveal their utility functions. The obtained cake division is
also proportional and envy-free.

Qualitative evaluation
of the probability of events
(Galton desk at the mathematics lesson)

Jana Pécsova

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

This contribution deals with qualitative evaluation of the probability of
events, using statistical data. We present a proposal of the teaching lesson,
where the Galton desk is used as a random data generator. We also give our
remarks and comments from such lesson, which was realized in the fourth
grade of the eight—year grammar school.
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probability space. Since then several other models were presented. We will
focus our attention mainly on two of them — on quantum logical spaces and
on MV-algebras (many-valued algebras). We say something about why they
are important, what have these models in common and in what aspects they
are different.

Acknowledgement

The work on this paper has been supported by Science and Technol-
ogy Assistance Agency under the contract No. APVV-0375-06, and by the
VEGA grant agency, grant number 1/0373/08.

Exhibits of the strategies of problem solving
Jan Kopka

Department of Mathematics, Faculty of Sciences, UJEP,
400 96 Usti n.L., Czech Republic

In a problem-solving situation, we have a goal to achieve but may not
have the means to achieve it immediately. The strategies are tools that might
be useful in discovering or constructing means to achieve a goal. Important
strategies are for examples: Experimentation, Analogy, Examine a simpler
case, Identify a subgoal, Examine a related problem, Work backward, Ge-
ometric way, Algebraic way, Use indirect reasoning. But we will talk about
Strategy of generalization and Strategy of infinite descent. The first one can
be used also outside the mathematics, but the second one is characteristic
only for mathematics.

Strategy of infinite descendent: It is assumed that a given problem has
a solution S. Starting with S, a never-ending sequence of solutions is con-
structed, although the nature of the problem indicates that any sequence of
solutions must have a final term. This contradiction proves that the problem
has no solution.
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Facial non-repetitive edge-colouring
of plane graphs

Frédéric Havet', Stanislav Jendrol”?, Roman Sotak?,
and Erika Skrabul'akova?®

Projet Mascotte, I3S (CNRS and University of Nice-Sophia,
Antipolis) and INRIA, 2004 Route des Lucioles, BP 93, 06902
Sophia-Antipolis Cedex, France.
2Institute of Mathematics, P. J. Safarik University,
Jesenna 5, 040 01 Kosice, Slovakia

A sequence 11,79, . ..,T9, such that r; = r,4; forall 1 <i < mn,is called a
repetition. A sequence S is called non-repetitive if no block (i.e. subsequence
of consecutive terms of S) is a repetition. Let G be a graph whose edges are
coloured. A trail is called non-repetitive if the sequence of colours of its edges
is non-repetitive. If G is a plane graph, a facial non-repetitive edge-colouring
of G is an edge-colouring such that any facial trail (i.e. trail of consecutive
edges on the boundary walk of a face) is non-repetitive. We denote 7’ (G)
the minimum number of colours of a facial non-repetitive edge-colouring of
G. In this paper, we show that 7’ (G) < 8 for any plane graph G. We also
get better upper bounds for 7 (G) in the cases when G is a tree, a plane
triangulation, a simple 3-connected plane graph, a hamiltonian plane graph,
an outerplanar graph or a Halin graph. The bound 4 for trees is tight.

Characteristics of competencies
in the reflection cluster
and strategies of their developing

Maria Kolkova

Institute of Mathematics, P. J. Safarik University,
Jesenna 5, 040 01 Kosice, Slovakia

In the presentation the characteristics of competencies in the reflection
cluster will be identificated. These characteristics have arisen from analyse
of pupils’ solutions of one probabilistic problem and have inspired strategies
of developing competencies in the reflection cluster. Designed strategies will
be demonstrated on the same problem.
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Discrete mathematics in the class
Ingrid Semanisinova

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

We shall discuss the questions of what discrete mathematics belongs in
the middle school level and how it should be incorporated, from the perspec-
tive of the curriculum. We shall present examples of learning environments
as a setting for a mathematical investigation that leads students to creating
representations and engaging them in a mathematical reasoning, abstrac-
tion and generalization. We shall show that the use of properly selected and
presented discrete mathematics problems can foster independent thinking,
encourage flexibility in approaches and representations, and encourage a
focus on problem mathematical structure.

Conference contributions

The framework for empirical verification
of the Sharpe-Lintner version of the CAPM

Martin Bod’a

Department of Mathematics, Faculty of Sciences, M. Bel
University, Tajovského 40, 974 01 Banska Bystrica, Slovakia

One of the most illustrious outcomes of portfolio theory is the Capital
Asset Pricing Model (CAPM) which describes, in terms of linear relation-
ships, the determination of the price of risky assets in the presence of riskless
assets. The CAPM results directly from the hypothesis of efficiency of finan-
cial markets and its empirical validity is directly linked to the trueness of
the hypothesis of efficiency. It is therefore vital to financial risk management
to validate the CAPM empirically. The contribution under this notion sub-
mits an appropriate statistical framework for estimating the Sharpe-Lintner
version of the CAPM and for testing its validity.
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Mathematical methods in kidney exchange
Viera Borbelova

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 041 54 Kosice, Slovakia

The most effective currently known treatment for a kidney failure is a
transplantation. Because of the lack of deceased donors, in recent years the
number of living donors (genetically or emotionally relative of a patient) has
increased. However, immunological reasons often make the transplantation
impossible and the willing living donor is lost. Therefore organized kidney
exchange programs have been initiated in several countries.

In our talk, we model a kidney exchange as a combinatorial problem
and present several mathematical methods used to find a solution optimal
in some sense.

Looseness of plane graphs
J. Czap, S. Jendrol', F. Kardo$, and J. Migkuf

Institute of Mathematics, P. J. Safarik University,
Jesenna 5, 040 01 Kosice, Slovakia

All considered graphs are finite, loops and multiple edges are allowed.
Let G = (V,E, F) be a connected plane graph with the vertex set V, the
edge set E and the face set F.

A E-colouring of a graph G is a mapping ¢ : V — {1,... k}.

For a face f € F we define ¢(f) to be the set of colours used on the
vertices incident with the face f. A face f is called loose if |(f)| > 3.

Question: What is the minimum number of colours [s(G) that any
surjective vertex colouring of a connected plane graph G with ls(G) colours
enforces a loose face?

The invariant {s(G) of a plane graph G is called the looseness of G.

We prove that the looseness of a connected plane graph G equals 2 plus
the maximum number of vertex disjoint cycles in the dual graph G*.

We also show upper bounds on the looseness of graphs based on the edge
connectivity, the girth of the dual graphs and other basic graph invariants.
Moreover, we present infinite classes of graphs where these equalities are
attained.
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References

[1] J. Czap, S. Jendrol, F. Kardos, and J. Miskuf, Looseness of plane garphs,
(http://umv.science.upjs.sk/preprints/dokumenty/A3-2009.pdf)

On the crossing numbers of Cartesian product
of stars with the graph Kj15

Emilia DraZenska, Marian Kles¢

Department of Mathematics, FEI, Technical University,
B. Nemcovej 32, 040 01 Kosice, Slovak Republic

The crossing number, cr(G), of a graph G is the minimum number of
pairwise intersections of nonadjacent edges in any drawing of GG in the plane.
Finding the exact value of crossing number of a given graph is in general
an elusive problem. There are known several exact results on the crossing
numbers of the Cartesian products of stars and graphs of order four or five.

We extend these results and we prove that the crossing number of the
Cartesian product of the complete tripartite graph K» o o with the star .S,
is 6 2] |25t + 6n.



10 10. Konferencia koSickych matematikov

Numerical modelling of complex flow
Maria Lukacova- Medvid’ova

Institute of Numerical Simulation, Hamburg University
of Technology, Hamburg, Germany

In this talk we will present our recent results obtained for numerical simu-
lation of complex flows. In particular, we will concentrate on the so-called
finite volume evolution Galerkin scheme that will be used in order to model
the shallow water equations. This is a model having wide applications in
meteorology, oceanography or river flow engineering. The second part of
the talk is devoted to the non-Newtonian fluids and their applications in
hemodynamics.

Matrix approach to discretization
of ordinary and partial differential equations
of arbitrary real order

I. Podlubny, A. Chechkin, T. Skovranek, Y. Q. Chen,
B. M. Vinagre Jara

Technical University in Kosice, Faculty BERG, Slovakia

A method that enables easy and convenient discretization of ordinary
and partial differential equations with derivatives of arbitrary real order
(so-called fractional derivatives) and delays is presented and illustrated on
numerical solution of various types of fractional differential equations.

The method was developed by Podlubny (Fractional Calculus and Ap-
plied Analysis, vol. 3, no. 4, 2000, 359-386) for ordinary fractional differen-
tial equations and extended recently by this team of authors (I. Podlubny, A.
Chechkin, T. Skovranek, YQ. Chen, B. M. Vinagre Jara, Matriz approach to
discrete fractional calculus II: partial fractional differential equations, Jour-
nal of Computational Physics, vol. 228, no. 8, 1 May 2009, 3137-3153).

A set of MATLAB routines for the implementation of the method as well
as sample code used to solve the examples have been developed, The toolbox
is available at Matlab Central File Exchange (http://www.mathworks.com/
matlabcentral/fileexchange/22071).
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Properties of the solutions of the third order
differential equations with delayed argument

Renata Kotorova

Department of Mathematics, FEI, Technical University,
B. Nemcovej 32, 040 01 Kosice, Slovak Republic

We investigate criteria for asymptotic and oscilatory properties of the
third order trinomial differential equation with delay argument

y"' () = p(t)y' (t) + 9(t)y(7(t)) = 0,

by transforming this equation to binomial second/third order differential
equation.

The crossing number of P? x C,,
Daniela Kravecova, Marian Kles¢

Department of Mathematics, FEI, Technical University,
B. Nemcovej 32, 040 01 Kosice, Slovak Republic

Patil and Krishnnamurthy established family of graphs for which power
graphs have crossing number one. This is the only result concerning crossing
numbers of power of some graphs. Let P2 denote the power of the path P,,.
We start to determine crossing numbers of a new infinite family of graphs,
concretely for the Cartesian products Pn% x C,, where m > 2 and n > 3.
The main result is that the crossing number of the graph P2 x C,, is 4n for
all n > 3.
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In a binary case, we get 20(n*) gtate complexity. This is extremely hard op-
eration: while the star of a 5-state language requires at most 24 states, the
cyclic shift, in the worst case, requires 56 million!

We also investigate the nondeterministic state complexity of this opera-
tion. In contrast to the hard deterministic case, the nondeterministic state
complexity of cyclic is as low as 2n? + 1. The worst case example is defined
over a binary alphabet.

Obr. 1: A 5-state language that requires 56 817 428 states for its cyclic shift.

a a a a a
TN
p0=0ssReCu0
b b b b b
Obr. 2: A language that requires 2n? + 1 nondeterministic states for its
cyclic shift.

Some generalisations of conditioning
and joint distributions

Martin Kalina
Department of Mathematics, Slovak University of Technology,
Radlinského 11, 813 68 Bratislava, Slovakia

The classical model of a probability space was introduced by Kolmogorov
in 1933. Shortly after Kolmogorov’s construction was published it was clear
that there are situations which cannot be modeled using the Kolmogorov
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Classification of Hi-complete sets
Michal Stas

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

The Hierarchy of sets gives us many possibilities of characterizations of
H} (coanalytic) resp. Z} (analytic) sets in a Polish space. M. J. Souslin
showed that Borel = Zi N Hi, and this arises us the question of describing
H} sets which are not Z} sets. The basic concept is that of a H}—complete
set. A. S. Kechris used the notion Hi—complete sets on hyperspaces in his
Dichotomy Theorem. He presented a proof based on game theory but we
simplified it by using our generalization of the Hurewicz Theorem.

Non-inscribability and hard inscribability
Sergej Sevec

Institute of Mathematics, P. J. Safarik University,
Jesennd 5, 040 01 Kosice, Slovakia

Non-inscribable phenomenon as well as its more sophisticated paral-
lel in the class of inscribable polyhedra is discussed. We call the latter
hard inscribability. Much analogy and interconnections implied between
non-inscribability and hard inscribability are revealed, chiefly by quanti-
tative methods. The research is accomplished both in graph-theoretical and
geometrical lines. Adequate measures, conditions, and presuppositions are
defined. New results are compared with those obtained formerly on non-
inscribability exponent and respective kinds of (non-)inscribability.
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Invited lectures

Some polynomial solvable problems
in discrete optimalization

Stefan BereZny

Department of Mathematics, FEI, Technical University,
B. Nemcovej 32, 040 01 Kosice, Slovak Republic

Many known polynomial solvable problems on graphs become an insolv-
able in polynomial time or known NP-complete problems are solvable in
polynomial time, if we put some more appropriate conditions. One of con-
dition could be the partition of edge set to the n disjoint categories. This
condition may cause worsening of solvability of given problem.

We show some modifications of optimisation problems on graphs with
categorization of edges, which can be solvable in polynomial time. It is
needed to find the feasible edge set (spanning tree, a-b path, etc.), that
it minimize the special type of objective functions with respect to choices
categories in problems listed above.

Schur complement and Gram matrix
in time series analysis

Martina Handova

Institute of Mathematics, P. J. Safarik University,
Jesenna 5, 040 01 Kosice, Slovakia

The first goal of the lecture that is aimed for a wider mathematical
audience is to explain fundamental ideas of time series analysis using one of
important approaches — linear regression modeling. The second lecture goal
is to introduce some special matrices and their properties, particularly the
Schur complement and Gram matrix, which play the central role in getting
the most of results of such time-series-analysis approach.
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Let P be a given property of graphs and G(P) be the family of all graphs
having property P. Then

W(P) = max min w(e) ¢ .
Geg(P) | ecE(G)

We study the behaviour of W (P) with respect to different hereditary proper-
ties of graphs, i.e. properies that are closed with respect to taking subgraphs.

References

[1] J. Ivanco, S. Jendrol, On extremal problems concerning weights of edges
of graphs, Colloquia Mathematica Societatis Janos Bolyai, 60 (1991),
399-410.

[2] S. Jendrol, I. Schiermeyer, On a maz-min problem concerning weights
of edges, Combinatorica, 21 (2001), 351-359.
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1750 — Jana Pocsova (UMV PF UPJS) Qualitative evaluation of the prob-
ability of events (Galton desk at the mathematics lesson)

1830 — Vecera,
Piatok 24. 4. 2009

830 — Ingrid Semanisinova (UMV PF UPJS) Diskrétna matematika vo
vyucovans

915 — Galina Jiraskova (MU SAV Kosice) Cyklicky posun reguldrnych
jazykov a jeho stavovd zloZitost

1090 — Kavova prestavka

10%° — Igor Podlubny (URIVP BERG TU) Maticovyj pristup k diskretizdcii
obycajnijch a parcidlnych diferencidlnych rovnic lubovolného redl-
neho ridu

1129 — Maria Lukacova-Medvidova, (TU Hamburg) Numerické modelovanie
pridiacich tekutin

1239 — Obed

14% — Martin Kalina (KMaDG SvF STU Bratislava) Podmiefiovanie na
neboolovskijch priestoroch

159 — Jan Kopka (PF UJEP, Usti nad Labem) Neékteré strategie Feseni
matematickych problému (preformulovdni, zobecnent)

1690 — Kavova prestavka

1630 — Mirko Horidk (UMV PF UPJS) Achromaticky index kompletného
grafu verzus konecné projektivne roviny

18%0 — Vecera
1990 — Spolocensky veder
Sobota 25. 4. 2009
8% — Martina Hancova (UMV PF UPJS) Schurov doplnok a Gramova
matica v analyze casovyjch radov

930 — Kavova prestavka

10°° — Stefan Berezny (KM FEI TU) Niektoré polynomidlne riesitelné
problémy v diskrétnej optimalizdcii

1199 — Obed
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