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A. General information on the applicant

Organisational scheme of the applicant, includig the number of employees in the
applicant’s units

Director / 1
Deputy Director / 1
|
Computing Scientific Secretary / 1
Center/3
Secretaries / 2 i
Library / 4 Czech Editorial Unit of
Zentralblatt / 1
| Mathematical Journals /4]
Economic —
Administration / Editors in
10 Chief/ 3

Department of Real and Probabilistic Analysis / 12

Department of Evolution Differential Equations /|6

Department of Qualitative Methods of
Mathematical Analysis /9

Department of Constructive Methods of
Mathematical Analysis / 14

Department of Topology and Functional
Analysis /9

Department of Mathematical Logic, Numerical
Algebra, and Graph Theory/ 10

Department of Didactics of Mathematics / 2

Branch in Brno / 13
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A2. Governingbodies of the applicant and names of their personhe

Director:
Deputy director:

Karel Segeth
Milan Tvrdy

Scientific secretary: Helena Severova

Scientific Council:

Pavel Pudlak, chair

Bohumir Opic, vice chair

Eduard Feireisl

Robert Hakl

Jan Chleboun

Jan Pelant

Ivan StrasSkraba

Milan Tvrdy

Pavel Drabek, Faculty of Applied Sciences, Uniitgrsf West
Bohemia

Petr Hajek, Institute of Computer Science, AcaglefSciences of the
Czech Republic

Oldtich John, Faculty of Mathematics and Physics, @sddniversity

Lubos Pick, Faculty of Mathematics and Physicsar{@&s University
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A3. Overview or profile of all activities pursued by the applicant

Mathematical Institute carries out scientific rastan the field of mathematics, search for
possible use of its results, and its application.

A4.  Share of research and development in the totalctivities of the applicant

Indicator 2002 2003

Number of employees of the applicant engaged iwares and 20 80
development
Total adjusted work capacity involved in reseanct a 57.79 59.28
development (FTE]J
Share of expenditures on research and developméime i

. . : 100 100
overall expenditures of the applicant in percent

*  Number of employees, adjusted for full-time-emplyapacity (FTE), which is committed to the reskarc
and development activities.
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B. Information on research and development activigs
of the applicant/institution

B1l. Specification of the principal research and deslopment (R&D) activity of the
applicant/institution

The subject of principal activity of the Mathematitnstitute is scientific research in the field
of mathematics and its applications. The Instittetributes to improvement of the level of
cognition and education, and to applications ofilitsf scientific research to practice. It
acquires, processes, and disseminates scienfifianiation, publishes scientific publications,
journals, proceedings, etc., provides expert opmi@iews, and recommendations, carries out
consulting and advisory activities. It implementedPstudy in cooperation with universities
and educates scientific workers. It develops irggomal cooperation in the whole field of its
activities, in particular organization of joint ezgch with foreign parties, accepting and
sending out research workers for short-term ang-term stays, exchange of scientific
knowledge, and preparation of joint publicationseTnstitute organizes scientific meetings,
conferences, and seminars, including internationas. It carries out these activities
independently as well as in cooperation with ursitexs and other scientific and research
institutions, both public and private.

B2. Contribution of the applicant/institution to the development of knowledge in the
disciplines referred to in B1, in national and intenational context

Members of the Institute significantly contributethe development of mathematical
cognition. In the recent period, they publishedtaof scientific papers, mainly in
international mathematical journals and proceediagd are authors or coauthors of
monographs that were published mostly by foreigoliphers. Response to the publication
activities of members of the institute has usutill/form of citations in the work of other
authors and is extremely numerous.

In addition, members of the Institute have beenrdea lot of foreign as well as Czech
prizes of honor in the recent period and took patthe work on a great number of
international and Czech grant projects.

Members of the Institute are often invited to reskand lecture stays abroad, both short-
term and long-term, and foreign researchers alsbthie Mathematical Institute. Publishing
new mathematical results at international confezsrabroad as well as in the Czech Republic
is carried out in a successful way, too.

This proves a very high level of results of theegrsh orientation of the Institute that can be
well compared with the other leading Czech mathemalanstitutions (Faculty of
Mathematics and Physics, Charles University, Pragone some other faculties of Czech
universities) and with foreign institutions. In rhamatics, there are several leading
universities, in the U.S.A, Europe & Russia, forieththe Mathematical Institute is an equal
match. A specific feature of the orientation of Mathematical Institute consists particularly
in its universality (despite the fact that thed®bf algebra and probability theory are not
significantly represented in the research progratheemoment) and in the mutual interaction
among the individual fields of mathematics. Sugjiadal approach is rather unique as
compared with Czech as well as foreign institutions



B3.

IRP identification code
AV0710190503

Major R&D results achieved and implementedyy the applicant/institution in the
disciplines referred to in B1 within the last fiveyears (overall characteristics)

1. Department of Real and Probabilistic Analysis

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

The monograph [1-001] is, in the world contextemarkable source for the research
in the field of rank tests, which are very profiabor nature or social sciences. It
provides a coherent presentation of both one- ameimensional tests and it
includes e.g. the following topics: computatioreghct null distributions, limiting null
and non-null distributions, asymptotic optimalitydeefficiency of rank tests, rank
estimates and asymptotic linearity and miscellasdopics in regression rank tests.

In the book [1-002], the spaé&eof primitives of HK-integrable functions is
considered. The aim is to find the topological eleterisation of the so-callést
convergence i, which is induced in a natural way by the equegrability condition
known from the convergence theorems. The mainigdhke construction of

a topology consonant with tlieconvergence and such that whHeequipped with this
topology, it becomes a complete topological vespace.

The monograph [1-003] deals with the topologieshenspaces of functions integrable
with respect to various types of Riemannian surosech type of admissible
Riemannian sum, the corresponding space of integfabctionsY and a convergence
proces<y on their primitivedPy are determined. There is a unique topology thtes
finest locally convex topology consonant with teconvergence. The main results
concern the question of the completened3,dbr various integration bas¥ when

Py is equipped with this topology. The Lebesgue the&dth the variational norm have
this property, while the HK-theory with the suprédmarm does not.

Theory of the integration in Banach spaces has badohed by the sum integrals of
the HK-type, see [1-057]-[1-059]. In particularwhs shown that the usual McShane
integral is equivalent with the Bochner one if amdy if the corresponding Banach
space is finite dimensional. Furthermore, conceytsveak and strong McShane
integrals were introduced and their positions i tirerarchy of abstract HK-integrals
has been localized. Similar subjects were recergbted e.g. by D. H. Fremlin [X1-9]
and R. A. Gordon [X1-11].

Theory of linear equations of the Stieltjes typespaces of regulated functions with
values in a Banach space has been established(82]11-055]. In particular, the
existence and uniqueness results were deliveregl.r@$ults concerning the renewal
equation were given in such a generality that they applicable for modelling
structured populations, which requires to use thendded semivarivation instead of
the usual bounded variation.

The method of upper and lower functions has beeergdised and new existence
principles has been proved for generalised peripaiblems for nonlinear second
order differential equations problems, see [1-0F&pkse principles played an
important role in the proofs of new theorems onedkistence of nonnegative solutions
of the periodic problem including also the casé tha right-hand side of the
differential equation has a singularity in the arjgsee [1-047]. Unlike all the
previously known papers (see e.g. [X1-25], [X1{X][1-14] or [X1-43]), the more
difficult case of weak repulsive singularity wasveal here, as well. Furthermore, the
case that the right-hand side of the differentiplagion is oscillating in the

5

Implemented results are those R&D results whiedhehbeen published, applied in practice and/oregtet!
as an intellectual property according to a sped#ie (e.g. publications, patents, trademarks, amdiyn
applied technologies).
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neighbourhood of the singularity has been solvdd-i943], while new multiplicity
results have been presented in [1-048].

Existence and uniqueness of solutions to statioHaryilton-Jacobi equation in
infinite dimensional state space has been provéi+@20]. The result was used in
solving problems of optimal ergodic control for @lawlic stochastic partial differential
equations. This extends earlier papers on infiimte horizon stochastic control

of partial differential equations (see e.g. [X1)1Z&nalogous results in the case of
adaptive control have been obtained in [1-015]. piteolem of identification of

an unknown parameter in stochastic parabolic eguagisolved in [1-022]. It has
been proven that the parameter estimator baseaeamaximum likelihood method is
strongly consistent. This allowed to conclude thatproposed adaptive control is
optimal.

A new method of verification of the strong Felleoperty has been proposed in the
paper [1-032]. This approach is based on purelipgidistic procedures which may
considerably simplify numerous proofs and haverekte the applicability of strong
Feller property method to new models for which otihethods fail, like stochastic
nonlinear oscillators, stochastic delay equatiorsstochastic equations with
continuous drift term. Strong Feller property i@f the key notions in the stochastic
systems ergodic theory. It yields a detailed dpsion of large time behaviour of
Markov processes, for example, it implies uniquersesd global asymptotic stability
of a stationary state (cf. the monographs [X1-8],-f] and [X1-2]).

New basic results on existence and regularity bftems to linear stochastic partial
differential equations where the noise is modeliga fractional Brownian motion
have been obtained, cf. [1-016]. Furthermore, asgtigpproperties, convergence

of probability laws to a stationary state (whichlike the classical case with the usual
Wiener process, is not an invariant measure of kdaprocess) and equivalence

of probability laws have been proven. Existence raglarity for semilinear
parabolic equations (reaction-diffusion equatiomsje established by B. Maslowski
and D. Nualart in [1-030]. Moreover, in [1-030] theblem of existence and
uniqueness of solutions to a stochastic partiéihtial equation whose diffusion
coefficient is nonlinear and state-dependent, leas lsolved for the first time. Similar
equations with additive noise, where the stochastegral is much easier to handle,
have been treated e.g. in [X1-13].

A new method of proving exponential estimates foclsastic convolutions has been
found in [1-050]. It is based on the Zygmund extlapion theorem which allows to
reduce the proof of exponential estimates to tloblpm of finding sufficiently sharp
p" moment estimates f@rlarge enough. These moment estimates were desived
factorization method and the proof is significardignpler than some alternative ones
(see e.g. [X1-42]). Exponential estimates playmapartant role in the large deviation
theory both for solutions to stochastic evolutigu&ions and their invariant
measures.

Randomly simulated spatial Voronoi tessellationsegated by various point
processes have been thoroughly investigated, gefLé40]. In this connection,

an extensive software has been developed and thkada [1-097] has been
systematically built up, made openly accessiblE989 and completely rebuilt in
2003. (Until the end of October 2003, more than@B&€cesses has been registered.)
Now, it includes a wide range of tessellations frdigplaced tilings up to the most
extravagant ones generated by Bernoulli clustédimtroduced and investigated in
[1-039]. The graphical classification based onwh&diagram, which was invented
and studied in [1-037], is well applicable in thetailography: an analysis of the
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procedures contained in the most important stasdardhe grain size (ASTM and
the majority of national standards) led to the p@#) of new more precise procedure
and its verifying, see [1-009], [1-010], [1-0371-038].

2. Department of Evolution Differential Equations

2.1

2.2.

2.3.

2.4.

2.5.

Among the most important achievements of #dsearch group Evolution Differential
Equations, we may cite in particular new results tba qualitative behavior of

solutions to the Navier-Stokes equations describiegflow of compressible and heat
conducting fluids. This topic is very relevant fapplications and its goal is to
determine to which extent these equations constitut appropriate model for all
phenomena occurring in real physical fluids (flotabslity conditions, transition from

the laminar to the turbulent regime, cavitatiorfluence of boundary conditions, etc.)
(References [2-004], [2-001], [2-025], [2-073]). i3 hresearch significantly develops
ideas suggested in one of the most important mapbgr [X2-8] related to the

mathematical theory of fluid flow.

Specific effort has been invested into thelitpiave analysis of equations of motion
for non-Newtonian fluids as an extension of theotlganitiated in [X2-5] —[X2-11]
from the point of view of thermodynamics and in [ZR[X2-10] where a
mathematical setting has been proposed. The stubydsaulic systems and moving
bodies in fluids are also part of this class oflgeans. The main results consist in
proving the well-posedness of mathematical modelivated by practical problems
in hydraulics, and in developing new methods fag tfualitative analysis of their
solutions. This work has been coordinated withaedelaboratories Hydrosystem Ltd.
in Olomouc ([2-104]).

Existence proofs have been given and an @satyshe long-time behavior has been
performed for rather general strongly nonlinear dadgenerate partial differential and
integro-differential equations (items [2-043], [38), [2-040], [2-071] in the reference
list). Typically, such equations arise in modeljpigysical processes and evolution of
biological populations as described, e.g., in [¥2aBd [X2-4]. Convergence results
are partly based on a deep result in the theopgnafytical functions [X2-9]. The goal
of this research is to establish a theoreticalsofasithe study of qualitative properties
of partial differential equations and strategiesatution methods.

Members of the research group made a sulmtaatntribution (also in cooperation
with the authors of the important monograph [X2-id) mathematical modeling of
moving interfaces between physical phases (foats, between the solid and fluid
during solidification or melting) by means of batanequations of mathematical
physics, like energy and momentum balance, etc. urtk@owns in the problem are
typically the temperature and stress as functidnsnte as well as the geometrical
shape of the interface. Results on well-posednedsiang-time behavior have been
published in [2-033] and [2-062].

A significant progress has been made in thaitqtive and quantitative analysis of
models for elastoplastic, magnetic, and piezoatentaterials, as well as in economic
models, described by evolution variational inediedi representing natural physical
constraints. It turns out that many practical peold of computation and optimal
control of systems with a large number of one-sidedstraints can be solved in an
elegant way using the method of hysteresis operatooming back to

M. Krasnosel'skii in the 1970’s (see [X2-6]) andther developed in the monographs
[X2-12], [X2-1], and [X2-7]. This topic is systemedlly investigated in the
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Mathematical Institute and new results have beewaat on the stability and further
properties of the operators themselves as welhasotution methods for the equation
involving these operators. ([2-002], [2-055]).

3. Department of Qualitative Methods of MathematichAnalysis

3.1.

3.2.

3.3.

3.4.

Among the results of the Department of QuiaaMethods of Mathematical
Analysis, let us present establishing extrapolatiecomposition in Lebesgue,
Zygmund, and Brézis-Wainger spaces and extrapalatioperties of Sobolev and
Morey imbeddings of spaces of Besov and Lizorkirefel type with dominating
mixed derivatives with the help of Fourier analy3ikeir optimal critical imbeddings
have been found (see, e.g., [3-014]], [3-042],43]). These results provide another
efficient extrapolation method and they are alsopgcal extension of the theory of
spaces with dominating mixed derivatives, estabtisin [X3-9], and currently gaining
greater importance in applications (i.e. in proldeshexistence and regularity of
solutions to differential equations, and inequaditiith time parameter).

Existence of smooth bifurcation branches [3€#25]) and smooth dependence on
parameters (see [3-024]) for variational inequeditnave been proved. The results
have been applied to unilaterally supported beadnt@partial differential equations
with unilateral boundary conditions, describingeatain control of thermostat type.
The results are surprising in some sense becaesmtisidered problems themselves
are non-smooth. The proofs are based on a nonasthnde of the theorem on implicit
functions. It turns out that a variational ineqtyais locally equivalent to a certain
smooth equation under some special assumptionthandhplicit functions theorem is
actually used for this equation. This approach spew possibilities of the study of
variational inequalities in the situations wherssiaal approaches fail, for instance
when investigating stability of solutions to valaetal inequalities. At the same time
we expect that the smoothness results will be ugafinumerical solutions of
unilateral problems.

In the paper [3-033], a new method of disgedtbn and anti-discretization of
weighted inequalities has been established. Thteadehas been applied to norms in
classical Lorentz spaceg(v) and/p(v). The method turned out to be particularly
useful in the case of thg(v) spaces whose norm can be written in the form tife
norm. An important application of the new approacbkolution of the old problem to
find amenable necessary and sufficient conditionparameterp, g€ (0,.0) and a
couple of weight functions such thai(v) — I'q(w) or I'n(v) — A4 (w). Certain criteria
for these imbeddings were known earlier but theesponding conditions, expressed
in form of discretizing sequences, did not alloweaification in practice. The second
major application of the new method is an integharacterization of the space
associated to the spaCgV).

In [3-050], it was proved that there existohution (in the distributional sense) to the
Neumann problem for the Laplace equation (wherbthendary condition is given by
a real measure on the boundary of the domain istaung which is continuous on the
closure of the given domain if and only if the dentayer potential corresponding to
the boundary condition is a function continuoustteedable up to the closure of the
domain. Uniqueness up to an additive constantisfsilution has been proved for
bounded domains. In the case of a bounded domtirthier has been proved that a
solution of the Neuman problem (of the Laplace équan the distributional sense),
which is continuous on the closure of the domaia vgeak solution of the problem
considered. In the literature (see, e.g., [X34b]} possible to find sufficient
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conditions for continuity on the closure of the domin question (but not conditions
which are necessary and sufficient).

A comprehensive theory has been establiskeading with imbeddings of Bessel
potential spaces modelled upon generalized Lorépgraund spaces into generalized
Lorentz-Zygmund spaces and into spaces of Holdetiraoous functions. Optimality

of these imbeddings has been proved (see [3-03-855], [3-051]). This fully

explains the role of the logarithmic terms in thsjnorms of these spaces. As special
cases we get well-known results due to Brézis aathgér (see [X3-1]) on

imbeddings of Sobolev spaces in limiting casesaptanality of these imbeddings.
Note that the class of generalized Lorentz-Zygmspeaites contains many well-known
spaces important from the point of view of appiimas: Lebesgue and Lorentz spaces,
Zygmund classes, Orlicz spaces with Young funatiotime form of a superposition of
a finite number of exponential functions, etc. Tasults mentioned also significantly
extended our knowledge about imbeddings of Orlicbetev spaces in limiting
situations.

We have established (apparently optimal) bedodthe coefficient of friction for the
existence of solutions to dynamic contact problemntls Coulomb friction for material
with isotropic viscosity (see [3-012] for the twaytknsional case and [3-062] for the
general case). In comparison with earlier boundisl ¥ar arbitrary material this result
gives a possibility of significantly broader praeti applications. Further, the existence
of solutions to certain types of contact probleras been proved, including thermal
effects of the friction (see [3-009]). There areamalogous results since the model
preserves the unilateral character of the contadition. The unilateral and non-
compact nature of the friction was not taken irdooant in all the works up to now.

A characterization of validity of higher orddardy’s inequality for “well defined”
classes of functions has been found, and neceasdrgufficient conditions
established for some classes of “overdeterminectimms”. Alternative conditions
have been found, characterizing validity of “claai Hardy's inequality, as well as a
number of sufficient and also of necessary conaktifor the validity of Hardy’s
inequality of fractional order. The critical expatiéor compactness of the weighted
imbedding has been found. (See [3-070], [3-03(}¢ Tlesults have been applied to
prove existence theorems and spectral propertiesrofinear degenerated differential
equations, see [3-001].

An exact analog of the Sobolev inequality Ibesn established in the context of
Lebesgue spaces with variable exponent given bpschitz continuous function.
Consequently, the corresponding Sobolev imbeddiage been derived (see [3-
018]). Currently this area is very relevant sirtoe $obolev spaces modelled upon the
Lebesgue spaces with variable exponent find uappfications (see [X3-7], [X3-8]).

4. Department of Constructive Methods of Mathematial Analysis

General and Special Properties of Methods for &gl¥artial Differential Equations

4.1.

4.2.

The monograph [4-004] treats in detail higbeter finite element methods (FEM)
including their application to nonlinear problenvethods have been developed for
accelerating numerical computations either by aifieatalgorithm [4-065] or by
taking into account special features of particdiamains [4-076].

The research has been concentrated particolagpecial simplicial partitions
beneficial to the properties of the FEM: gradiamerconvergence in solving elliptic

10
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boundary value problems [4-019], tetrahedral mefhement techniques avoiding the
emergence of obtuse angles [4-056].

The maximum principle represents a charatiefeature in solving nonlinear elliptic
and parabolic second order problems. In [4-058ficsent conditions are introduced
that guarantee the discrete maximum principleif@dr tetrahedral elements.

New a posterioBrror estimates have been developed for nonlinsabplic

eguations in one space variable [4-085]. A PhDedliation has been submitted [4-
0146]. The estimates have contributed to deepegrstahding and better applicability
of the FEM. A posteriori error estimates are systiécally investigated in the
Mathematical Institute. They receive wide attentdmoad.

The Worst Scenario Based Analysis of Mathematicatidds with Uncertain Input Data

4.5.

The existence of worst scenarios, i.e., itjah extremalizing (within uncertain
inputs) given criterion-based functionals, haverbgven in elliptic, parabolic, and
contact problems as well as in problems of elasiit elastic-plastic bodies; see [4-
040], for example. Also, the convergence of appr@ate worst scenarios acquired
through solving discretized problems has been sh@enpling of the worst scenario
method and fuzzy set theory has been suggestezbl¥e problems with uncertain
boundary, a reformulation of the Neumann boundaiyesproblem was proposed in
[4-015]. The results for problems with uncertaipubdata are resumed in a
monograph in preparation. Though the idea of thestaszenario method is not new, a
rigorous mathematical treatment analyzing the impaancertain data on the solution
of sophisticated state problems is rare not onth&Czech Republic but, in authors'
opinion, also abroad.

Computational Models of Phase-Change Processesmic8nductors

4.6.

4.7.

A computational model of the Bridgman growtis@emiconductor crystals that
includes turbulent phenomena in the melt has beealdped and applied to practical
technological situations in CdZnTe crystals prepang4-025]. In fact, the model is
applicable to any binary (or pseudobinary) systietmas been shown that the inclusion
of turbulence into the model gives the ability esdribe and explain some effects
observed experimentally that were not treatablehbyaminar models used
previously, as are the defects in the crystal grdwa to the re-melting near the walls
of the furnace. The model can provide guidanceéHeroptimum setup of the

Bridgman apparatus. The authors are not awarerolassimodels of this type that
would include turbulent phenomena. The model has llesigned and tested in
cooperation of the Mathematical Institute, Insgtof Physics of Charles University,
Prague, and Faculty of Civil Engineering of the €z&echnical University, Prague.

A computational model of laser irradiatiorbafary semiconducting alloys that takes
melting, evaporation, and solidification of the ev&l induced by a pulsed laser into
account has been designed, tested, and validatezhbexperiments with pulsed laser
modification of CdZnTe [4-005]. Here, the Mathematilnstitute, Faculty of Civil
Engineering of the Czech Technical University, Regnd Institute of Electronics of
the Academy of Sciences of Belarus, Minsk, havepeoated. It has been shown in the
combination of computational and real experimeinés the properties of melt CdTe
differ from those of the classical semiconducteresented by Si or Ge, for example.
This model is the only one known in the Czech Répwnd it has attracted great
interest at international scientific meetings.

Mathematical Methods of General Relativity Theory

4.8.

Specific solutions of Einstein's field equatiavere studied. The most important result
was the determination of all four-dimensional Ldazgn manifolds with all invariants

11
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constructed from the Riemann tensor and its deviesiof arbitrary order vanishing
[4-083]. It turned out that corresponding spacesiraee of Petrov types Ill, N or 0 and
of Petrov-Plebanski type N or 0 with common mudipigenvectors and that the
spacetimes also have to belong to the Kundt's.Cldmese spacetimes are also exact
solutions in view of the string theory and weresatty cited by authors from
Cambridge, Berkeley, and Stanford; see [X4-3].

General Number Theory, investigation of Fermat nersb

4.9.

A relation between natural numbers and dicegtaphs has been found. Different
structures of such digraphs correspond to diffetgrgs of prime numbers [4-089].
The investigation of Fermat numbers led to the ngosoh [4-002]. It is not known

that anybody else would systematically investigagemat numbers in the Czech
Republic. The results were obtained jointly witheign researchers and are important
even in international perspective.

5. Department of Topology and Functional Analysis

5.1.

5.2.

5.3.

One of the most important results is the p&p®39] characterizing the Banach
spaces that admit an equivalent uniformly Gateaosath norm as the subspaces of
Hilbert generated spaces. The result completesittle of questions concerning the
Gateaux smoothness and uniform Eberlein compadthvahniginated in the seventies.
While it was then proved that a certain “preserafefilbert space or of a uniform
Eberlein compact implies the existence of a unifgr@ateaux smooth norm, the
opposite implication was proved only for spacefwihconditional basis. This
additional assumption was now (rather unexpecteélyloved. The result has many
interesting consequences. For example, it imphiasd compact spa¢eis uniform
Eberlein if and only itC(K) admits a uniformly Gateaux smooth norm. This seke
more than 20 years old problem that has been stii@ number of renowned
mathematicians. Another consequence is that uniteloarlein compact spaces are
stable under continuous images. The methods fre@38§ were further elaborated in
consequent papers, see [5-040] and [5-041], whaeus classes of Banach spaces
similar to weakly compactly generated spaces wieidied. As a typical result let us
mention that a Banach space is a subspace of dynaakpactly generated space if
and only if it contains a linearly dense subset $pdits in a certain manner. Another
consequence is a new proof of the Farmaki theohatcharacterizes uniform
Eberlein compacts sitting in the sigma produchefiteal line.

The invariant subspace problem is the mosbrtapt open problem of operator
theory. The problem was solved negatively for ofmesaon Banach spaces but for
Hilbert spaces and reflexive Banach spaces it nesn@den. In the recent years, a
series of results was obtained by means of the Beoivn technique. The strongest
result proved by this method is that each Hilbpeicge contraction whose spectrum
contains the unit circle has a nontrivial invarianbspace [X5-2]. In [5-080] this result
was improved in two directions. The condition ttre operator is a contraction was
replaced by that the operator is polynomially badh@n Hilbert spaces, every
contraction is polynomially bounded by the von Newm inequality). Moreover, the
result was reformulated for general Banach spaces.

A systematic (Markl’'s) theory of strongly hotopic algebras [5-066], [5-067] was
developed. The theory put stress to the homotop@riance of these objects and its
central concept is the minimal model of an opem@ustructed in [X5-9]. Immediate
consequences of the theory are results aboutahsfér of algebraic structures as well
as a unifying frame for various results of the htogwal perturbation theory. The
theory was used for example by the Fields medaist€ontsevic and Y. Soibelman

12



5.4.

5.5.

5.6.

5.7.

IRP identification code
AV0710190503

in their works about the deformation quantificati@eligne’s conjecture and mirror
symmetry [X5-5], [X5-6]. The monograph [5-003] igigkly becoming a standard
reference text. Consecutive works open the wagww fields of the homotopical
theory of general algebraic structures.

A detailed description of the asymptotic betiaef weighted (Bergman) kernels on
pseudoconvex domains was given in [5-030]; theddama series whose coefficients
are certain scalar invariants of the correspon&iggnann metric. These results, which
were known only for some particular cases, havienanediate application to
guantification on Kaehler's manifolds [5-031], [3%]. For compact manifolds,

similar but a little bit weaker results were obtairby Catlin [X5-3] and Zelditch [X5-
18]. As another application, examples of stronglgnex domains were constructed
for which the Bergman kernel has zeroes; this eaintts to the Lu Qi-Keng
conjecture [5-032]. Later these statements werenebetd also to unbounded domains
using the generalization of results about the dNrmann problem (Kohn, Kerzman,
Bell) to unbounded domains [5-033].

By the classical Mazur-Ulam theorem, each etoim surjective mapping between two
Banach spaces is affine. In [5-078], the bi-Liptchnappings with the corresponding
constant close to one, i.e., “almost isometrie€rarstudied. It turned out that the
situation differs very much from the case of isamesteven for finite-dimensional
spaces. In spaces of large dimension there exkst&igschitz mapping of the
Euclidean ball onto itself that almost preservesdistance and yet it is not possible to
approximate it by an isometry.

The axiomatic theory of spectrum of operatord Banach algebras elements was
elaborated. The spectrum is one of the most impbdancepts of operator theory
since it provides useful information about the stinoe of an operator. There are many
types of spectra that have been studied in thaluee, for example the point
spectrum, approximate point spectrum, one-sidesgrel, local, or Taylor spectrum.
A useful unifying approach to the study of varidyses of spectra gives the axiomatic
theory of spectrum that was introduced for n-tupliesperators by W. Zelazko and

Z. Slodkowski [X5-13] [X5-17]. For single operatpessimilar approach was
suggested in [X5-8], [X5-10]. During the recent gedhe axiomatic theory of
spectrum has been further developed. A surveysniitsewas given in the monograph
[5-004], which appeared in the Birkhduser Verlag.

The results of van Mill and Wattel were gefieed in [5-014] and it was shown that
every countably compact completely regular spadle acontinuous selection on pairs
is a subspace of an ordered space. The resultneasdoalso for pseudocompact
spaces if they are scattered, satisfy thexiom of countability or they are connected.
It was shown that an infinite pseudocompact topokigyroup with a continuous
selection on pairs is homeomorphic to the CantbrAseero-selection is a selection on
the hyperspace of closed sets, which selects alaaysolated point of the set. The
results of Fuji and Nogura were extended and itpvased that a (locally compact)
pseudocompact space with a continuous zero-sateistitomeomorphic to a (open)
subspace of ordinal numbers. Using the diamondtipie, several examples were
constructed that show the limits of further genieegion. For example, a locally
compact locally countable normal space with a cmmatiis zero-selection, which is not
a subspace of an ordered space was constructgdOlr01], a rotationally invariant
function that is quasiconvex but not polyconvex wasstructed. This gives an answer
to a question posed in the monograph [X5-4]. Thesgonvex hulls of rotationally
invariant functions were found. Further, the reteotafor a wide class of energies that
describes non-matic elastomers was determinedh&nitkations among semiconvex
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properties of rotationally invariant functions grases of matrices of various
dimensions were described. Also, an explanatiggsetidoelastic hysteresis based on
the loss of 1-convexity was suggested. In conneatiith this, Kohn'’s proof of
guasiconvexification was simplified. The classiegdults of Szekefalvi-Nagy and
Foias about models of Hilbert space contraction®weneralized to models for n-
tuples of operators that use the multiplicationraps by independent variables in
spaces of holomorphic functions [5-010]. A compketalogy to the classical model
was obtained for the case of bounded symmetriaalailts using new results about the
Pieri coefficients from the theory of representasi@f semisimple Lie groups [5-038].
The existence of the Taylor functional calculuthis basic result of the multivariable
operator theory. The original proof [X5-14], [X5]Was quite complicated and used
deep results of complex analysis and cohomologyrthén spite of considerable
effort the construction of the calculus has beewpsfied only in some particular
cases, for example for operators on Hilbert sppXgsl 6], or for a narrower class of
analytic functions [X5-7]. In [5-085], a new elentary construction of the calculus for
general n-tuples of operators on a Banach spac@masnted. Moreover, the Taylor
functional calculus is given by an explicit formula

6. Department of Mathematical Logic, Numerical Algéra, and Graph Theory

6.1. Scientific research of mathematicians in tep&tment of Mathematical Logic,
Numerical Algebra, and Graph Theory in the areandihe algorithms deals with
overloaded systems, where it is impossible to cetefll the tasks before their
deadlines; we give several new algorithms and ldweeinds [6-020], [6-045].
Recently, this has become a very active reseaezhvaorldwide, we are very pleased
that our group has international level results thrad, at the same time, the research
involves active participation of students. Anotheent result [6-046] gives a
simplification and an improvement of a 25 year aligborithm of Gonzales and Sahni.
To the important results in the area of online atgms for scheduling, it is necessary
to add chapters in the books [6-006], [X6-2].

6.2. More than 20 years ago Kusner conjecturedhthien-dimensional space witly-
norm the maximal size of an equilateral set (arsethich every pair of points have
the same distance) i p=1,andn+ 1if p> 1. The paper [6-007] proves the
strongest result concerning the case ah odd positive integer. Namely for every
such integerm there exists a constae} such that the size of every equilateral set is
bounded by, n logn.

6.3. The book Classical Mathematical Logic (in Ggexee [6-003]) is a publication in
logic, which is more extensive than all Czech tgblished before it. This book
shows the present state of mathematical logic andl&neously it tries to put it in the
frame of the general development of deductive thimkAn intuitive view to every
area of logic is put forward at first and this vieaaccessible to all readers, later
precise mathematical text follows. The great resoiitmathematical logic as, e.g.,
Godel’'s theorems of incompleteness, are describdétail and without assuming
preliminary knowledge. Some parts appeared in KChtrature for the first time (e.qg.
saturation of ultrapower, unprovability of Goodstsitheorem in Peano arithmetic,
and so on). The book obtained J., M., and Z. HI&vgeze.

6.4. We succeeded to construct a complete infBatelean algebra that has no infinite
complete subalgebra [6-025]. Previously, the onlghsexample existed under the
assumption of the axiom of constructibility; thiasvproved by R. Jensen in 1968.
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7. Department of Didactics of Mathematics

7.1.

7.2.

In the field of mathematics education, memlbéiBepartment of Didactics of
Mathematics determined characteristic featureb®ptrocess of grasping both “real”
and “mathematical” situations by generalizing resghined during the study of
specific cases. The structure of this process wasribed and possibilities of its
cultivation were shown [7-027], [7-022]. Some waysmplementing research results
in school practice were suggested [7-001].

The theoretical basis of the conception oéstigating the semiotic approach in
mathematics education was formulated. (a) Basicacteristics of the semiotic
approach were determined, (b) methods for invetstigagemiotic representations in
the teaching of geometry were developed which ased on the analysis of
transformations of semiotic representations madmgweommunication. The results
are published in thesis [X7-1].

8. Branch in Brno

Differential Geometry

8.1.

In the Brno Branch the research in the fidldifferential geometry was oriented
towards a completely new area, namely the stud¢fofms (i.e. antisymmetric
trilinear forms). The investigation was focusedtioa differentiable manifolds of
dimensions 6 and 7. The most complete results wlgtia@ned in dimension 6 (see [8-
083]). From the point of view of algebra, therestxhree regular types and three
singular types here. It was shown that the thrgelae types are very closely related
with structures well known from the differentialageetry, namely the product
structures, the complex structures, and the targganttures. With each of these forms
a G-structure was associated. Necessary and sufficamditions for the integrability
of theseG-structures were found, and necessary and sufticamditions for the
existence of special connections associated wibeB-structures were described.
Moreover, in dimension 6, the separate orbits (wepect to the action of the linear
groupGL(6,R)) were investigated. These results are closelya@laith results of

N. Hitchin (Oxford) (see [X8-7], [X8-8]). There &so cooperation with T. Friedrich
and his group (Berlin) (see [X8-1], [X8-4], [X8-5]yhey study metric connections
with antisymmetric torsion (i.e., the relevant torsis a 3-form). It is appropriate to
mention that forms of higher degree appear morenam@ often in theoretical physics
(see [X8-10], [X8-11], [X8-12]).

Qualitative theory of ordinary and functional diédatial equations, dynamic systems, and
difference equations

8.2.

8.3.

In the domain of theory of ordinary and fuanal differential equations, dynamic
systems, and discrete equations, a new technicgezl lman the methods of calculus was
developed for the investigation of qualitative pedpes of such equations. By using
this technique, a number of new results were obthwhich generalize, extend, and
complement many statements available in the litegafThe results obtained are
presented in a number of research papers and mepttg[8-001], [8-004], and [8-
005], and they are unimprovable in many cases.

In the papers [8-0121], [8-088] - [8-092],Q84], [8-035], [8-037] fundamental results
are presented concerning the oscillation theorh&ti-linear difference equations. The
set of solutions of such equations is, in genéi@hogeneous but not additive. The
results mentioned can be regarded either as discoeinterparts of the corresponding
results for half-linear differential equations @& e.g., in studies of radial solutions
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of elliptic equations witlp-Laplacian, or as a generalization of the theorlnafar
difference equations. The main result is containdtie Roundabout Theorem
allowing one to derive easily generalizations & 8turm theorems and obtain
efficient tools for the investigation of oscillayoproperties such as the Riccati
techniques or variational principle. These topiesalso studied in Asia and America,
and a number of researchers working there haversimderest in the results just
mentioned.

The papers [8-012], [8-038], [8-095] [8-09&ie devoted to (half-)linear dynamic
eguations on time scales. Investigation of dynasqigations on time scales makes
possible to achieve results, which unify the themof differential and difference
equations as well as more general equations wherertknown function is defined on
an arbitrary nonempty subset of the real axishisway, one can clarify the
differences between the continuous and discretescagich is important, e.g., for the
numerical approximation. The topics related todheve-mentioned equations are
now actively investigated in the collaboration wigading experts in this field (USA),
see [8-012], [8-038].

We have achieved even other results, whiclm@ireontained in the fields mentioned
above. We have generalized Diliberto's theorem fptemar ordinary differential
eguations to systems possessing invariant manitwléisst integrals ([8-100], [8-008],
[8-007]). We have investigated the problem of exise of bounded solutions of
strongly nonlinear systems by topological meth¢8<09]).

We achieved some results even in applied mahes, namely we have studied
gualitative and quantitative properties of some el®df chemical kinetics of a low
temperature plasma of an electrical arc. Our madsl represented by a large system
of nonlinear ordinary differential equations. Werevable to successfully solve this
problem from the formulation of rules for constinatof such systems and discussion
of their general asymptotic properties, to the nuecaésolution of concrete systems
(which is quite difficult task as, from the poirftvaew of numerical analysis, such
systems are examples of stiff problems) ([8-09®1010]).

Global properties of dynamic systems

8.7.

Global properties of" order differential equations were investigateddnnection

with algebraic and geometrical structures, whiclheaeduced by those equations and
their transformations. In paper [8-078] there igts the dependence of asymptotic
behavior of solutions on their distribution of zeso Algebraic structures connected
with global transformations of differential equaisy ordinary and functional, were
studied in papers [8-077], [8-079], [8-0115]. Somkations between functional
equations and differential equations, ordinaryantipl, generally non-linear, were
described in papers [8-080] and [8-0114]. A geneoalstruction of all linear
differential equations of the" order with prescribed properties of solutions was
presented in [8-081]. Discrete representationsmafath dynamical systems are treated
in articles [8-0116], [8-081], [8-0117], [8-01188-0119].

Control theory of discrete and hybrid systems

8.8.

Control theory of hybrid Petri nets has beedisd using idempotent semiring
(min,+). The class of hybrid Petri nets with (miplinear input-output relation has
been identified. We have proposed a new methoddorputation of transfer matrix
between input and output. A formula for optimal wohwith respect to the "just in
time" criterion has been derived together withggseralization to the case of variable
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maximal firing speeds in the continuous part of edri net ([8-039]). The dynamics

of deterministic continuous and hybrid Petri neds been described by a system of
functional equations. These are functional equatadrthe fixed-point type with the
operations minimum and infimum that can be viewgthgegral equations in the sense
of idempotent integration. We have characterized tlelationship with systems of
linear integral equations of Volterra type.
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B4. International cooperation of the applicant/insttution in research and
development

B4.a. Participation of the applicant/institutionimmernational research and development
cooperation implemented on the basis of internatioantracts concluded by the
Czech Republic with foreign entities

B4.b. Collective membership of the applicant/ingi@n in non-governmental international
scientific organisations

B4.c. Individual membership of applicanémployees in non-governmental international
scientific organisations

CERME (European Society for Research in Mathemé&hscation): M. Tich4, F. Roulsk

GDM (Gesellschatft fiir Didaktik der Mathematik): WMicha

SFoCM (Society for the Foundations of Computatidviathematics): P. #ikryl

E-MRS (European Branch of Materials Research SgciBt Rikryl

AMS (American Mathematical Society): M. FabianKdajicek, M. Markl, V. Miller, PRehak, |.Straskraba,
S. Schwabik

Council of the Association for Symbolic Logic: Jraficek

EATCS (European Association for Theoretical Comp&&ence): J. Sgall

International Society of Difference EquationsRhak

EMS: B. Balcar, A. Kufner, S. Schwabik, J. Vanzura

International Linear Algebra Society: |. Saxl

B4.d. Contracts or joint projects of the applicastitution with foreign organisations
engaged in research and development

Contract on Cooperation with the Mississippi Stateversity, U.S.A., 1994-2003

Contract on Cooperation with the Institut fiir Phgdische Hochtechnologie, Jena, Germany, 1996-2001
NATO grant No. CRG 970071: Function spaces and edjinequalities, 1997-1999

NATO grant No. CRG 973982: Smoothness and separabiection in nonlinear analysis, 1997-1999
Royal Society grant, United Kingdom: Weighted inalifies, integral operators and embeddings, 199819

Common project ME 103 of Ministry of Education b&tCzech Republic and NSF, U.S.A.: Mathematicaklog
compexity theory, and their connections, 199700

Common project of Ministry of Education of the CadRepublic and NSF, U.S.A.: Reliability problemstlire
finite element method, 1997-2001

Sokrates project — Comenius |: European mathentat&aelopment through exchange and education, Eamp
Union, 1997-2001

Common project ME 148 of Ministry of Education bétCzech Republic and NSF, U.S.A.: Reliability peois
in computational mechanics, 1998-2000

Common project ME 333 of Ministry of Education betCzech Republic and NSF, U.S.A.: Operads in atgeb
geometry, and physics, 1998-2000

Grant of NSF No. DMS-9803435, U.S.A.: Applications methods of algebraic topology to mathematical
physics, 1999-2001
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Contract on Cooperation with the Fakultat fur Matlaik und Informatik der Fiedrich-Schiller-Univetéi
Jena, Germany, 1998-2003

Project CNRS-Academy of Sciences of the Czech Raputropriétés qualitatives d’equations de la dyicue
des populations, 1999

Grant DFG, Germany, Optimale Einbettungen von Fonkiumen vom Besselpotential-Typ, Technische
Universitat Darmstadt, 1999

Slovak Academy of Sciences, grant of Vega Quaatifim of structure and of deformation processes in
dispersion strengthened systems, 1999 repeatey yaair

Project Barrande (Czech Republic-France): Theaktind numerical contributions to the study of coespible
or incompressible viscoelastic fluids, 1999-2003

Common project of Ministry of Education of the CheRepublic and NSF, U.S.A.: Mathematical logic and
computational complexity, 1999-2003

Grant NATO, Smoothness and separable reductionomlirear analysis, University of British Columbia,
Vancouver, 2000-2001

Czech — Slovak Grant No. 11988198, jointly with thEthematical Institute of the Slovak Academy of
Sciences, Topological structures on spaces ofgbdtnctions and hyperspace, functional analysipasitive
operators, and their applications, 2000-2002

Project of the Academy of Sciences of the CzechuBRkp Russian Academy of Sciences, and the Instibd
the Physics of Materials of the Academy of Scienoésthe Czech Republic, Study of the influence of
technological process and creep exposition on tweldpment of microdefect in metals and composititk
metallic matrix, St. Petersburg 2000-2004

GNFM, Continui di grado elevato e teoria delle riligtzioni, Universita di Roma Ill, 2001
Aktion — Kontakt: Stochastic evolution equationsl dimeir numerical approximations, Osterreich, 22002

Common project ME 476 Ministry of Education of tlizzech Republic and NSF, U.S.A.: Randomized
competitive algorithms for online problems, 2001320

NSF/NRC COBASE, Probabilistic competitive algorithfor online problems, 2001-2003
COCON (Coalgebra and Control), Project Grant NW (tletherlands Grant Agency), 2001-2003

Grant EU Socrates project: Understanding of mathies&lassroom culture in different countries, Eean
Union, 2002-2004

The Leverhulme Trust grant, United Kingdom: Funetispaces, wieghted inequalities and approximation
numbers for integral operators, 2001-2003

Grant CTESIN/2002/35, Generalitat Valenciana, 2002

Grant GACR ¢&. 106/01/0648, Modification of semiconductors byspgasers. Belarussian Academy of Sciences,
2002

Barrande Project Variational problems and theidiappon to continuum mechanics, 2002-2003

Project Barrande Mathematical and munerical analgdi the development of a system with collision and
friction, 2002-2003

Contract on Scientific Cooperation with Russian deay of Sciences, Russian Federation, 2002-2003

Collaborative Linkage Grant, NATO: Weighted ineqties, function spaces, interpolation, extrapolatio
approximation, and entropy numbers, 2002-2003

Common project ME 603 Ministry of Education of tBeech Republic and NSF, U.S.A.: Homotopy invariant
algebraic structures, 2002-2005

Grant Variational theory of microstructure, semieexity, phase transitions and complex materialsyémita
v Pise, 2002-2005

HYKE — Program for research and exchange for dattmd postdoctoral study, EU 2002-2006

NATO Cooperative Science &Technology Sub-ProgramiRebin and Neumann problems in nonsmooth
crecked domains, 2003
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Slovenian — Czech Intergovernmental S&T Cooperadfimmgramme: The theory of linear operators, 2003420

Slovak — Czech Intergovernmental S&T Cooperatiomgfamme: Topological structures on function spaces
hyper-spaces, theory of positive operators, anid #pplications, 2003-2005

B4.e. Other forms of international cooperation

(i) List of long-term stays (6 months or more) of he members of the Mathematical Institute abroad:

Name Institution

Pavel Kre§i Weierstrass Institute, Berlin, Germany 4 ye&8712000
Jan Krajéek University of Oxford, GB 2 years 1997/1999
Petr Hajek Texas A&M University, Texas, USA 1 y&898/1999
Eduard Feireisl Université de Franche Comté, Besgrigrance 6 months 1999
Sarka Néasova Instituto Superior Technico, Lisboa 6 moi®e9

10mths 1999/2000
7 monB®®1/2002
yeaPs 2001/2003

Jan Lang
PavelRehak
Jan Komenda

University of Missouri, Columbia, USA
University of Nebraska, Lincoln, USA

Center for Mathematics, Amsterdam,
The Netherland

Miroslav Silhavy University Pisa, Italy 4 years 209005
Bohdan Maslowski University of New South Wales, thaka 10 months 2003/2004
Martin Panak UNI, Dortmund, Germany 1 year 200842

(i) Lecture cycles of the members of the Mathematal abroad:

B. Balcar Exhaustive structures on Boolean algebrasMcMaster Univ., Canada 1999
E. Feireisl Les équations de Navier Stokes UnissaBeon, France 1999
compressibles
P. Hajek Calculus | College Station, Texas 1999
J. Krajiek The P=PN? Problem Univ. Oxford, GB 1999
E. MatouSkova  Complex variable J. Kepler, Univnd,iAustria 1999
Calculus J. Kepler, Univ., Linz, Austria 1999
V. Muller Orbitas de operadores Univ. Autonoma Metlitanea, 1999
Mexico
S. Netasova Fluid mechanics Ins. Superior Technico Caamb®99
Spain
E. Feireisl Nonlinear differential equations ANLR, Peking, China 2000
E. Feireisl Differential equations and basic calsul Ohaio Univ., Athens, Greece 2000
E. Matouskova  Ordinary differential equations Jpkee Univ. Linz, Austria 2000
Calculus 2 J. Kepler Univ. Linz, Austria 2000
Introduction to complex variable J. Kepler Uninng, Austria 2000
S. Netasova Business calculus, Algebra calculus Uniwritisburgh, PA USA 2000
B. Maslowski Stochastic analysis, basic calculus nivUof Kansas, USA 2000
J. Sgall Optimization 4 Technical Univ. Eindhoven, 2000
The Netherland
J. Sgall Optimization and online algorithms UnitGhicago ILL, USA 2000
M. Silhavy Phase transitions in solids Univ. di RoH, Italy 2000
Basic thermodynamics Univ. di Roma lll, Italy 2000
Phase transitions in solids Univ. di Pisa, Italy ooa
E. Feireisl Introduction aux problemes d"évolution  Univ. de Nancy, France 2001
E. Feireisl Math. Theory of compressible fluids \&@a Univ., Tokyo, Japan 2001
E. MatouSkova  Ordinary differential equations Urof’ South Carolina, USA 2001
E. MatouSkova  Functions of complex variable J. Keplniv., Linz, Austria 2001
I. StraSkraba Short courses on Navier-Stokes emngti  Pacific Institute of Mathematik, 2001
Vancouver, Canada
M. Silhavy Phase transitions and nonelliptic véoiaal  Univ., Rio de Janeiro, Brazil 2001
problems
P.Rehak Differential equations Univ. of Lincoln, USA o
M. Fabian Optimization Australian Math. Society, 020
Australia
M. Markl Operads in Algebra, Topology and Physics U RAV, Romania 2002
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E. Matouskova
E. Matouskova

Functional analysis in complex vdeab
Ordinary differential equations

V. Muller Mathematical Analysis

M. Silhavy Energy minimization for isotropic
nonlinear elastic bodies

M. Silhavy Calculus 1

J. Krajiek Tutorial

H. Petzeltova
B. Maslowski

Ordinary diff. equations, Partiaf.d#g.
Stochastic analysis
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J. Kepler Univ., Linz, Austria 2002
Unouth Carolina, Columbia 2002
USA

Andalucia, Spain 20

CISNdine, Italy 2002
Univ. of Kentucky, USA 2002
Univ. of Athens, Greece 2002
Ohaio Univ., Athens, Greece 2002

Univ. of KansaSAU 2003

E. Feireisl Basic calculus Univ. de Nancy, France 002
E. Feireisl Dynamics of viscous compressible fluids Univ. de Brescia, France 2003
P. Kregi Evolutionary quasivariational equation Univ. devR, Italy 2003

(iii) List of long-term stays of foreign guests irthe Mathematical Institute

Name

Mamoru Mimura
Daria Apuchkinskaia
Amiran Gogatishuvili
Florian Luca
Takuya Sobukawa
Alexander Zlotnik
Nobuhiko Fujii
Lasha Ephremidze
Camillo Constantini
Calin Ambrozie
Andrei Ronto
Sulkham Mukhigulashvili
Elisabeth Remm

Country
Okayama University, Japan

Thilisi State University, Gegpa
Okayama University, Japan

Tokai University, Japan
Universita di Torino, Italy

Institut of Math. NAS, Ukraine
Universita Thilisi, Geoggi

St. Petersburg State Universltyssia

Universitaet Bielefeld, Germany

Romanian Academy, Romania

Université de Mulhouse, France

Duration
SepteniB88 — May 1999
February 1999 — August 2000
October 1998 — August 2000
Seqter 1999 — August 2000
Apri20ecember 2000

Moscow Power Engineering Ingi{uRussia September 2000 - January 2001

Septembe®26 December 2001

A. Razmadze Mathematical InstifBeorgia September 2001 — August 2002

@dter 2001 — September 2002
Janu@f22- February 2003
Augux203 — January 2004
September 2003 — August 2004
Ndex 2003 — January 2004

In the period 1999 —2003, 342 foreign mathematgidsited the Mathematical Institute through shert
scientific stays.

(iv) List of foreign prizes and awards
Michal Kiizek
2001: Hall of Fame of Science and Technology, futiof Technology, San Diego, USA
Miroslav Englis
2001: ISAAC Award of the International Society fanalysis, its Applications and Computation, Berlin
Petr Rikryl
2002: International Scientist of the Year 2002eintational Biographical Centre of Cambridge,
England

(v) The Mathematical Institute organized or co-orgaized the following international scientific meetirgs in
the period 1999-2003 (the number of participants nage between 30 and 300)

Winter School of Abstract Analysis, Lhota pod Rotraem, January 1999.

19" Winter School Geometry and Physics, Srni, JanLiaep.

27" Winter School of Abstract Analyis, section Topalpgahradky WCeské Lipy, February 1999.

Partial differential equations and applicationspi@buc, December 1999.

Conference on the Ocassion of the 1Birthday of Albert Einstein, Karolinum, Praha, Mar1999.

Boriavka Mathematical Symposium, Brno-Valtice, May 1999.

Workshop on Algebraic Methods and Arithmetic CitsuRutgers University, New Brunswick, June 1999.
International Summer School IMAMM 99, Ry, July 1999.

European Symposium on Algorithms, Praha, July 1999.

Workshop on functional Analysis and its Applicasoin Mathematical Physics and Optimal Control, 8lag,
September 1999.

Workshop on infinite dimensional stochastic analyBiraha, September 2000.

15" IEEE Annual Conference on Computational Complexitgrence, July 2000.

Summer school EVEQ, Praha, August 2000.

Winter School of Abstract Analysis,ilst'anovice, January 2000.
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28" Winter School of Abstract Analysis, section Tamy, Zahradky Weské Lipy, January/February 2000.
20" Winter School Geometry and Physics, January 2000.

Miniconference Banach space, Svaty Jan pod SkBlowember 2000.

Finite Element Methods, Javaskyla 2000.

Spring School Nonlinear Analysis, Paseky, April @00

External logic Seminar, Pec podédkou, September 2000.

Conference on Differential and Difference Equatjd@mo, September 2000.

Seminar Programs and Algorithms on Numerical Arigjyisazré Libverda 2000.

EQUADIFF 10, Praha, August 2001

Logic Colloquium, Vienna 2001.

Modelling, Plz&, June 2001.

21° Winter School Geometry and Physics, Srni, JanRaéy.

9" Prague Topological Symposium, Praha, August 2001.

29" Winter School of Abstract Analysis, section TopplpZahradky (Ceské Lipy, January 2001.

MFCS 2001 2B International Symposium on Mathematical Foundatiafi Computer Science, Marianské
Lazre, August 2001.

Fall Schooll of Logic Seminar, Pec podé3kou, September 2001.

Winter School of Abstract Analysis, Lhota pod Rotraem, January 2001.

22" Winter School Geometry and Physics, Srni, JanRaéy..

30" Winter School of Abstract Analysis, section Tam, Litice, January/February 2001.

Czech-Austrian Seminar. Svaty Jan Pod Skalou, Nbeer?001.

Workshop on Functional Analysis and its Applicaidn Mathematical Physics and Optimal Control, &las,
August 2001.

Circuit and proof complexity, Edinburgh, Octobe20

2" Czech-French Conference on Mathematical Fluid Maits, Fest, June, July 2002.

Seminar on the the Occasion of th& Bniversary of Mathematical Institute, Praha, Dber 2002.
Seminar Programs and Algorithms of Numerical Anialyid., Dolni Maxov/Joséf Dul, June 2002.

Finite Element Methods: Fifty Years of Conjugateadients, Department of Mathematical Information
Technology, University of Jyvaskyla, 2002.

Finite Element Methods, Javaskyla, 2002.

International Seminar on the occasion of the"4Bbthday of P. de Fermat, Praha, 2002.

Computational Linear Algebra with Applications, By, August 2002.

Conference and Differential and Difference Equatjdrno, September 2002.

Winter Scool of Abstract Analysis, Lhota pod Rohegro, January 2002.

23" Winter School Geometry and Physics, Srni, Janu@@g2

31 Winter School of Abstract Analysis, section TopgplpZahradky Weské Lipy, January/February 2002.
Fall School of Logic Seminar, Pec podé&kou, September 2002.

Spring School on Nonlinear Analysis, Function Sgaaed Applications 7 (NAFSA 7), Praha, July 2002.
Workshop on Functional Analysis and its Applicasan Mathematical Physics and Optimal Control, Sloa,
September 2003.

Fall School of Logic Seminar, Pec podé&kou, September 2003.

Winter School of Abstract Analysis, Lhota pod Rotraem, January 2003.

32" Winter School of Abstract Analysis, section TomplpZahradky Ceské Lipy, February 2003.

24" Winter School Geometry and Physics, Srni, Jan2a6g.

International Colloquium on Difference Equationsl gkpplications, Brno, 2003.

International Summer School IMAMM, Rov pod Radhostm 2003.

(vi) Membership in Editorial boards of International journals in the period 1999-2003
Name Journal

Ondej Dosly Archivum Mathematicum, Brno

Miroslav Englis Czechoslovak Mathematical Journal
Journal of Function Spaces and Applications

Miroslav Fiedler Numerische Mathematik

Linear Algebra And Its Applications

Mathematica Slovaca

Electronic Journal of Linear Algebra

Czechoslovak Mathematical Journal
Eduard Feireisl Mathematica Bohemica

Czechoslovak Mathematical Journal

Central European Journal of Mathematics
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lvan Hlav&ek
Jan Chleboun
Tomas Jech

Kamil John
Jan Krajéek
Josef Kral
Pavel Kre§i
Michal Kiizek

Alois Kufner

Jaroslav Kurzweil
Bohdan Maslowski

Vladimir Mller
FrantiSek Neumann

Bohumir Opic
Jan Pelant
Pavel Pudlak
Petr Rikryl
Jiti Rakosnik

lvan Saxl
Jiii Sgall

Stefan Schwabik
Ivan StraSkraba
Milan Tvrdy

Jitf Vanzura

Emil Vitasek
Vaclav Zizler
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Applications of Mathematics
Applications of Mathematics
Annals of Pure and Applied Logic
Bulletin of Symbolic Logic
Tatra Mountains Mathematical Public
Annals of Pure and Applied Logic
Czechoslovak Mathematical Journal
Applications of Mathematics
Applications of Mathematics
Applicationes Mathematicae (Warsaw)
Journal of Inequalities and Applicats (Singapore)
Journal of Function Spaces and Applications (Indie
Journal of Differencial Equations and Applicatiqiedie)
Journal of Analysis and Applications (Indie)
Mathematica Bohemica
Czechoslovak Mathematical Journal
Central European Journal of Maudics (Polsko)
SIAM J. Control Optimization (USA)
Mathematica Slovaca
Archivum Mathematicum
Mathematica Bohemica
Mathematica Slovaca
Memoirs on Differential Equations and Mathematiehysics
Mathematical Inequalities and Apgiicas (Zagreb)
Inequalities in Pure and Applied Math. (Melbourne)
Serdica
Mathematica Slovaca
CALCOLO
Matematica Bohemica
Computational Complexity
Applications of Mathematics
Czech Editorial Unit of Zentralblatt filathematics and MATH database
Applications of Mathematics
Operations Research Letters
Discrete Mathematics and Theoretical Computerrideie
Journal of Scheduling
Mathematica Bohemica
Archivum Mathematicum
Mathematica Slovaca
Journal of Mathematical Fluid Meites
Memoirs on Differential Equations andaMematical Physics (Thilisi, Gruzie)
Nonlinear Oscillations (Kyjev)
Mathematica Bohemica
Applications of Mathematics
CMUC
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B5. R&D budget of the applicant/ institution in the previous five years (in thousands

of CZK)

Institutional | Targeted support Other

Year | support from the from the state Specification of other resources
resources

state budgét budget
1999 19 505 10 504 4 975| other off-budget income
2000 21 622 10 373 4 216| other off-budget income
2001 24 409 10 008 5190| other off-budget income
2002 27 005 9 958 4 337 other of-budget income
2003 30 590 4413 1979 other off-budget incom&@z@. 2003)

Total amount of funds the institution has recdifeom the sources of the state budget of the Czech
Republic as an institutional subsidy for its Ingiitnal Research Plan.

Total amount of funds the institution has recdifeom the sources of the state budget of the Czech
Republic in the form of research grants, targe¢sgarch programs etc.
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C. Description of Institutional Research Plan (IRP)
for the period of 2005-2010

Cl1l. Subject of the research activity implemented ithe research plan

The subject of activities of the Institute will basic research and further development of the
knowledge system in real and functional analysisyumerical and probabilistic analysis, in
the theory of ordinary and partial differential agjons, differential geometry, topology,
mathematical logic, and complexity theory, andrtlgplications.

Particular attention will be paid to complex deysteent that is absolutely necessary for
complete and general progress in mathematical leayad. Cultivation of a single, individual
branch of mathematics gives no guarantee for ad@inevelopment of mathematics as a
field of science.

Some specific subjects of research are stimulaggatdgress of physics and technology and
the respective mathematical results will be presseas application outputs.

Other subjects are focused to the inner needsv@flol@ing mathematics as an integral and
complex branch of science.
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C2. Present level of knowledge and status of ongginmesearch related to the subject
of IRP, from both international and national viewpaints

Mathematics is today a very wide branch of scieara®top teams in its individual fields exist
at a lot of universities and institutes all oves thorld. In some fields of mathematics, the
Mathematical Institute belongs among these toptutsins. In other fields, we belong at least
to the best Czech institutions.

The present level of cognition achieved is bestagput from monographs some of which
originated in the Mathematical Institute. The atsiate of the research just being performed
is best reflected in proceedings of internatiog&r#ific meetings to which members of the
Institute contribute.

1. Department of Real and Probabilistic Analysis

Beginnings of the generalized sum approach to ratem and of the theory of generalized
differential equations go back to the paper [X1-B2]. Kurzweil from 1957. The integral
introduced in this paper is quite simple: it isdxhen the Riemannian sums, only

the corresponding partitions are ordered in a gpa@y. Nevertheless, it led to a powerful
non-absolutely convergent integral that is in the-dimensional case equivalent to the
Perron integral and covers the Lebesgue integragtals of this type are nowadays called
the Henstock-Kurzweil (HK) integrals. During theveaties, the theories of one-dimensional
sum integration and of generalized differentialamns have been completed in the
Mathematical Institute. During the eighties andetiies, after an impulse by Mawhin [X1-28],
a systematic study of the HK-integration on moneelsional regions was realized.
Enormous quantity of papers (see, e.g., Real Aiaschange) and books (Bartle [X1-1],
Henstock [X1-15], [X1-16], Kurzweil [X1-24], PfeffdX1-34], Schwabik [1-004], Swartz
[X1-41]) prove that this approach to integratiomeens a very important field part of the
research in mathematical analysis. In the lastadecan attention is also paid to the
topological structure of the space of primitiveshe integrable functions, which is closely
related to convergence theorems valid in the fraofiéise corresponding integration theory.
Further topical problem is the extension of the syoproach to the integration of functions
with values in a general Banach space. The studlyeofelationship between the sum
integrals and the classical Bochner and Pettigiate was initiated in [X1-24], and then
followed by Fremlin [X1-9] and Gordon [X1-11]. Thelationship between the weak
McShane and Pettis integrals remains a difficuéiroproblem, though attacked by leading
specialists.

At present, the bibliography concerning nonlineawrtdary value problems contains

an enormous number of publications. For regulableras, a good account of the present
state was given e.g. in Gaines & Mawhin [X1-10]dster & Habets [X1-6], and Kiguradze
[X1-20]. Proportionally to the progress in gettiagswers to the most important questions for
regular problems an increasing attention is paijgrtdlems with singularities and/or with
impulses. For a general survey, see, e.g., Kigerfdz-19], [X1-21], Mawhin [X1-29], and
O'Regan [X1-33]. Singular periodic problems fora®t order equations have been recently
treated by several authors (e.g. Lazer & Solim¥di-R5], and [X1-7], [X1-14], [X1-43]). All

of them restricted themselves to strong singuésjtwhile the problems with weak repulsive
singularities and the case that the eigenvaluéiseofelated Dirichlet problem can be touched
remained unsolved until lately. Problems with ingad have been considered by Hu &
Lakshmikantham [X1-17], Liz & Nieto [X1-26], andhars. Up to now, no result has been
delivered for impulsive problems having only nomtened pair of lower/upper functions.

A systematic treatment of stochastic partial déferal equations is motivated by models
from physics, biology, and control theory. Sevexgroaches to SPDE’s have been
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developed rigorously, see e.g. the monographs byrBt and Zabczyk [X1-3] and [X1-4].
There are several actual topics of the theoryaxftststic partial differential equations related
to the research pursued in the Mathematical Inistiln particular, the “pathwise” properties
of solutions (see, e.g., [X1-18], [X1-3], [X1-4K1-5]), large time dynamics of Markov
processes (see e.g. [X1-4], [X1-2]), the Fellempeanty (see e.g. [X1-27], [X1-8]) and
stochastic partial differential equations drivendbfyactional Brownian motion are the
examples. As concerns the last topic, the resaaudiil in a very early stage. However, some
results on existence, uniqueness, and pathwis¢argguhave been proved in [1-016], [X1-
13], and [1-030].

The importance of spatial tessellations as modedpace filing partitions is demonstrated by
many examples in the monograph [X1-31]. With vexw fexceptions their practical
applications are based on the results obtaineddaiastic simulations. A crucial problem is
a unified classification of spatial tessellations.

2. Department of Evolution Differential Equations

Mathematics is an open system, where each newwgiscoreates new space for further
guestions, which might have been meaningless he$mlging a problem gives rise to new
even more complex problems. A competitive reseteam is characterized by the ability of
asking relevant questions, giving adequate ans\aatkreceiving an appropriate attention
and recognition in the international scientific coomity. Members of the research group
Evolution Differential Equations are successfulhiis respect. Their results in the qualitative
theory of evolution equations have a durable nagligible impact among specialists in their
research field. They produce a top quality researt¢he development and subsequent
analysis of mathematical models for systems arigirgpntinuum mechanics and
thermodynamics. The fact that two of them parti@pactively as authors and/or editors in the
project of a modern Handbook of Differential Equas — Evolutionary Partial Differential
Equations (item [2-004] in the publication listpart of the series) is a convincing evidence
for this statement.

3. Department of Qualitative Methods of MathematichAnalysis

The first essential results on bifurcations of #ohs to variational inequalities appeared in
the 1980’'s, some of them in the Mathematical lo&i{M. Kuera). Since then the German
and Italian schools have developed a theory ofmtiatieproblems, whereas in the
Mathematical Institute results on existence anttitdigion of bifurcation points of non-
potential variational inequalities have been oisdi

Necessary and sufficient conditions for the contynup to the closure of a given domain of

a solution to the Dirichlet problem for the Laplampuation are known since several decades
ago. On the other hand, necessary and sufficierdittons for the Neumann problem for the
Laplace equation have not been known. The methadedral equations for solutions to
boundary value problems has been used for one eédryéars and last forty years includes
also the study of boundary value problems on noaesmdomains. Recently it is also used
for study of boundary value problems on planary dims with smooth boundary and a crack.
(See, e.g. [X3-6].)

In the last ten years members of the function spgoeup together with foreign colleagues
have proved a series of results on optimality dieadings of Sobolev type spaces (see, e.g.,
[X3-2], [3-013], [3-055], [3-051], [3-041], [3-042]X3-3]). They have made use of
techniques from weighted inequalities, interpolaimd extrapolation theory, and also
Fourier analysis. Further, they have developed austlof limiting real interpolation ([3-026],
[3-027], [X3-4]) and essentially contributed to thevelopment of extrapolation methods ([3-
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014], [3-042], [3-029], [3-034]). Also the resulishieved in the theory of weighted
inequalities ([3-033], [3-035], [3-070], [3-001]hpy international reputation.

4. Department of Constructive Methods of Mathematial Analysis

All the suggested subjects of research continuevitmd research.

The finite element method (FEM) has been pursuédiadireds of universities and goal-
oriented institutions. The FEM has diversifietitgens of fairly different variants; see [X4-
1], [X4-5], for example. It has also become necesgainvestigate closely related subjects as
mesh generation or solving systems of algebraiatsous. Due to the extensiveness of the
FEM, research groups specialize in particular suibjé@Ve accomplish international standards
both in the study of particular features of the FEMI in the a posteriogrror estimation.

The methods for solving problems with uncertairuingata have gained increasing attention
in the last decade [X4-2]. Owing to the enormousber of applications, the research is still
in its infancy as yet rigorous mathematical treattne scarce; this applies especially to
sophisticated state problems. In this respect,r@@@neers in the Czech Republic at least.

The problems of phase changes belong to movingdasymproblems [X4-7]. The models of
turbulent melt flow studied in the framework of @mputational modeling of crystal growth
and surface modification of semiconducting matereae uncommon and individual on the
European scale at least. Moreover, the modelsleéduaser-induced phase changes in
semiconductor thin films developed at the Institare up to international standard as well.

The study of properties of solutions of Einstegysiations is also performed at the Faculty of
Mathematics and Physics of Charles University, Beagnd at many universities abroad [X4-
6]. The results published by researchers fromnisatute are considered important and their
authors were invited for a visit and collaboratwith mathematicians from Dalhousie
University, Canada.

The extent of investigation of Fermat numbers isegxional in the Czech Republic, and even
quite rare abroad. The wide treatment of the stilijeg result of a close cooperation with
foreign researchers. The number theory emergediesiago and is still flourishing [X4-4].

5. Department of Topology and Functional Analysis

The central open problem in operator theory isnkariant subspace problem, i.e., the
guestion whether each bounded linear operatorkditbart space has a nontrivial invariant
subspace. There are some partial results bothymaitd negative. The most important
negative results are counterexamples in Banactespabe main positive results in the recent
years were obtained by means of the Scott Browmiqae, for example, that each Hilbert
space contraction whose spectrum contains thecuolié has a nontrivial invariant subspace.

In the field of geometry of Banach spaces a safeguestions concerning the existence of
equivalent norms remain open. Also, there is amapeestion to find an inner geometrical

characterization for various classes of Banachespacarious results are known for separable
Banach spaces, but for non-separable Banach spHoesanalogous results are not known.
These questions are particularly interesting forakiye compactly generated spaces and
related classes of Banach spaces.

In the field of function theory and its interplaytivoperator theory, many results are known
for basic classical domains, like the disk, poligdis the Euclidean ball. It is interesting to
study similar questions for operators in other swtrical domains.
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6. Department of Mathematical Logic, Numerical Algéra, and Graph Theory

In the foundation of mathematics (especially inteebry), Czech mathematics has belonged
to the distinguished centers of progress sincaittiees. The subject of the foundation of
mathematics changed successively in the whole wianid the set theory to the investigation
of weak arithmetic and to the estimation of comleaf proofs. During this change Czech
mathematics did not loose contact with the impdrtamters of the world and results obtained
by Czech mathematicians are very appreciated.

The theory of computational complexity originatadhe seventies of the last century. In that
time the main problems as the well-known problenetiiar P=PN were formulated. Solution
of these problems by combinatorial methods woul@dmssible if one could find exponential
lower bounds on the complexity of Boolean circuiifier initial success (monotonic circuits,
circuit with bounded depth), stagnation came. Tthesfollowing investigation is
concentrated on the following two directions:

1. Investigation of the use of random generatoedgorithms, and the related questions about
pseudo-random generators and one-way functions.

2. Investigation of logical aspects of complexisgch as the complexity of propositional
proofs and provability in relatively weak theori@sis field is now called proof complexity.
The main source in this field is Krégk’s monograph [X6-1].

There was great progress during last ten yearstimdreas. Our group, with respect to the
tradition of mathematical logic, successfully jammainly in the second direction and
essentially contributed to its development. Themmasults in this area concern exponential
lower bounds on the complexity of proofs in diffier@roof systems.

7. Department of Didactics of Mathematics

The aims of our research correspond to the maattkins of the didactical research carried
out in distinguished didactical centers. We suceded detecting and following the main
streams in research in mathematics education aamnt problem of (a) representations, (b)
students’ problem posing.

Our results have also been positively evaluatedaab(see C4).

8. Branchin Brno

The investigation of existence of geometric streeeton differentiable manifolds is a
classical topic of algebraic topology. The probleshthis kind are very difficult and, taking a
sceptical view, we can say that only few resulésarailable. (Satisfactory results are
available either on low dimensional manifolds otheut dimension restriction only for some
particular structures. We are able to decide whiethex manifold there is a nowhere
vanishing vector field, but when looking for 5 laréy independent fields we do not find a
satisfactory answer.) From this point of view n@sults are always desirable.

The investigation of the qualitative propertiesolfutions of functional differential equations
is exceedingly complicated in view of the nonlocladracter of these equations. For this
reason, it is difficult to apply to such equatiahs calculus techniques typical for the ordinary
differential equations. Although the fundamentdlthe theory of functional differential
equations were developed in the 1970’s, a deepmrliedlge of the qualitative properties of
solutions (in particular, efficient conditions gaateeing the existence and uniqueness of a
solution possessing given properties) is still iddse. It is not surprising that, in the well-
known large monographs of J. Hale [X8-6], V. B. ialnovskii and A. D. Myshkis [X8-9],
and N. V. Azbelev et al. [X8-2], one cannot findyatetailed information on the solvability of
initial value and boundary value problems.
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Recently, the Brno research team has developedawmiques for the investigation of
functional differential equations which made pokstb obtain a number of sharp results for
boundary value problems for the scalar first armbed order functional differential equations
and for general boundary problems for some claskggstems of functional differential
equations. The nonnegativeness (nonpositiveness)lations and the well-posedness of the
general boundary value problems for functionalesghtial equations were also studied. In
particular, the well-known Kamke type results oe tlonnegativeness of solutions, and the
Kurzweil-Vorel and Opial theorems on the well-pasess were generalized for functional
differential equations. Functional differential @fjons on unbounded intervals were also
studied.

Geometry has always devoted a lot of attentiolécstudy of bilinear forms on differentiable
manifolds. These forms have been either symmeRienjannian and pseudo-Riemannian
geometry) or antisymmetric (symplectic geometry)lyOn the last years systematic
geometrical investigations of forms of higher degrappear. Naturally, in the first place we
meet the trilinear forms. The limitation to thesenfis is also influenced by the level of
knowledge of these forms from the point of viewatifebra. (The information about
biquadratic forms is by far not so good as thermiation about the trilinear forms.) Then,
from the point of view of differential geometry apbysical applications, the antisymmetric
trilinear forms (3-forms) became a subject of iaggr They are in the center of interest only in
the last decade. N. Hitchin (Oxford) studies systirally stable regular 3-forms on
manifolds of dimension 7 (see [X8-7], [X8-8]). Triédrich (Berlin), S. lvanov (Sofia) et al.
study 3-forms related to metric connections wittiss)mmetric torsion (see [X8-1], [X8-4]
[X8-5]). (We could say these are geometric applicest of 3-forms.) J. E. Marsden (U.S.A))
is interested in applications of the forms of higtlegree to the calculus of variations and to
mechanics (see [X8-10], [X8-11]). (This is the gu@sof generalization of the symplectic
formalism to the multisymplectic one.) J. Bure$ dn¥anzura [8-021] described the
structure of all regular 3-forms on manifolds aihension 7. Generally, we can say that the
investigation of geometry and topology of 3-forrayvery promising and the variety of
structures described by 3-forms is substantialiydathan the variety of structures described
by 2-forms (i. e. symplectic structures).
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C3. Relationship between the proposed IRP and theioent research focus of the
applicant/institution and its impact on the long-tem perspective of research and
development of the applicant/institution

The subject of the institutional research planesgnts, at the same time, the principal
orientation of research activities of the Mathegwaltinstitute.

In general, the research plan will contribute tpiavement of the level of cognition in
mathematics and raise of education level, in paleicalso to the application of mathematical
knowledge in practice. This is a branch of scienattivities that contributes significantly to
the enrichment of Czech as well as world’s botlerstiic and cultural legacy.

The subject of the institutional research plan al#lo contribute to the long-term perspective
of research development in the Mathematical InstitMathematical knowledge is built up
gradually, its foundations were laid out in ancikistory, and its future development will
undoubtedly be influenced by the results obtaimetthé work on the research plan.

Research orientation of the applicant fully confertime subject of the research plan as is
proved in part C1 of the proposal. The research glso exactly follows the long-term
perspective of research and development of thacamp) i.e., according to part B, the
complex development of theoretical knowledge imakthematical disciplines and its
applications.

9. Department of Real and Probabilistic Analysis

In the period 1999-2003, the Department of RealRmmtbabilistic Analysis solved problems
from the theory of integration, ordinary and gefieeal differential equations, stochastic
analysis, stochastic geometry, and mathematicaststa. All these research fields belong to
the institutional research plan of the Mathematinstitute. The permanent relevance of these
fields in the context of the world progress in nestttatics is obvious, the team of the
department has been up to now very successfultangembers are well respected. The
assumption is that also in the next period thearesewill continue in the same lines. Possible
changes in the aims can be caused by unprediathblges of the actual state of the
discipline in the world context or may be relatedie age constitution of the team. Due to
the death of Z. Sidak the research in the classiedhematical statistics is not supposed to
continue. However, the co-operation with the amptiesearch based on the methods of
mathematical statistics or stochastic analysidamhastic geometry is supposed to continue.
Apparently, it can be expected the research irhstgtec analysis will gain more attention.
The personal situation in this field seems to b@gd: in addition to B. Maslowski and

J. Seidler, who are matured and well-respectedasts, new young gifted members

(M. Ondrejat, M. Vyoral) are involved. As conceths theory of integration, the main
attention will be paid to the integration in abstrgpaces. In this connection a long-time or
even permanent stay of prof. Ye Guoju (University@anzhou, China) is desirable. For the
research in ordinary differential equations, themsabjects will be singular and/or impulsive
boundary value problems and generalized differeatjaations. Successful co-operation with
the Faculty of Sciences of Palacky University im@buc is supposed to continue. This year,
a gifted mathematician oriented to this subjeatatbhis graduate study in the frame of this
co-operation. An increasing attention should bel paithe education of young gifted
mathematicians or perspective matured specialisits broad (e.g. from Ukraine or China)
interested in the subjects studied in the departtmen
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10. Department of Evolution Differential Equations

It is to be expected that the theory of evolutidfedential equations will remain an active
research discipline in the period 2005-10 on bbéhrtational and the international level. The
development of computers and computer science pexsed the way to industrial
applications for numerical as well as analyticatimes of solving complicated spatially
structured evolutionary systems. Both instituticexadl financial support from public sources
independent of the education system (mainly withenAcademy of Sciences) for research
teams working on the interface between theory apdication can further be expected, since
their specialization usually exceeds universitgkéag standards, and Czech private
industrial investments could hardly make efficiaaé of their full research capacity. For the
research group Evolution Differential Equationss thheans in particular to pursue its
research activities in the direction of the higheshpetence of their members, that is,
qualitative theory of complicated dynamical modelphysics and other applied sciences,
with objectives motivated mainly by technical prtols in continuum mechanics and
thermodynamics. Growing attention will certainly fieid to the cooperation with applied
research institutions and to the education of né@dyjyoung researchers.

11. Department of Qualitative Methods of Mathematial Analysis

The research plan is a continuation and a furtbeeldpment of the work having been carried
out in the Mathematical Institute. The problemsistd are an important part of mathematical
analysis, especially important from the point awiof the theory of partial differential
equations, integral operators, function spacegyhted inequalities, real interpolation, and
extrapolation. We shall make use of methods deeelopostly in the last decade, with
significant contributions of our researchers. Thaye published many important results from
these areas in highly recognized mathematical gdarfsee the list of literature).

At present, researchers in the Mathematical Irtstifun collaboration with L. Recke from
Berlin) have proved smoothness of bifurcation bhascfor variational inequalities. It
concerns special cases and a complete abstracy thib applications should be established
in the framework of the research plan.

The theory of weighted inequalities has a long yestition in the Mathematical Institute and
its researchers have gained international reputaiife intend to continue our work in these
areas (see part C5). We shall also pay attentiapptications of results obtained.

The same can be stated about the integral equatiettsod and its applications to solutions
of boundary value problems. In this area, D. Medkoantinues the work of J. Kral.

12. Department of Constructive Methods of Mathematial Analysis

All the fields of research characterized in Chap@iblend with the Institute's research
orientation. Apart of other things, it includesdhetical and practical aspects of mathematical
and computer modeling. In detail, a theoreticalysis of a model, an approximation of a
model, a numerical method, computational mathemsatemputer code, and numerical
experiments.

The proposed research project is based on theéutesti long-term R&D prospect, which
continues in theoretical and practical aspectsathematical modeling. The members of the
department have successfully specialized in cefiglisls and also acquired internationally
recognized results.

The research will concentrate on the finite elermeathod with the accent on the maximum
principle and on computationally advantageous fians of domains; on a posteriori error
estimation of errors arising in approximate solusiof differential equations, and on adaptive
methods for solving differential equations; on themulation and analysis of methods for
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solving problems with uncertain data; on computedeiing of preparation and surface
modification of semiconductors inclusive of phabaryes; on the study of spacetimes
models used in general theory of relativity; andumther investigation of selected topics in
number theory.

13. Department of Topology and Functional Analysis

The proposed circles of questions of the reseamgjleqt are closely related to the scientific
orientation of the members of the department. Nurobpublication in top international
journals and several monographs that have beeishetlin recent years prove their high
experience in the field.

Let us mention, for example, results concerningvedent renormations of Banach spaces,
spectral theory of operators, the classificationai-separable Banach spaces, theory of
strongly homotopic algebras or theory of symmelidicanains inC".

14. Department of Mathematical Logic, Numerical Algebra, and Graph Theory

The subject of mathematical logic and computemagancluded in this proposal is a
continuation of a traditional scientific activity the Mathematical Institute. This subject is
very perspective from the point of view of futurevedlopment of mathematics and thus it is
quite necessary to consider this area quite sdyious

15. Department of Didactics of Mathematics

The scientific aim in the field of mathematics ealimn follows and deepens research done so
far. It is oriented to areas studied previouslg (@evelopment of cognitive abilities and
concept creation processes, such as those ofdinacproblem posing and problem solving;
different modes of representation; research metlogghy and to further areas of

investigation, which stemmed from results of oweach (the relationship of theory and
practice in mathematics education; possibilitiesshg team reflection).

16. Branch in Brno

Discrete-event systems are dynamic systems wherstdle changes only when an event
takes place. Their dynamics is not usually desdrlipesystems of difference (or differential)
equations, but using discrete models as finiteraata, Petri nets and various extensions. This
type of systems can be frequently encounteredcimiaogical systems (telecommunications,
computer networks, manufacturing systems, etcthémext period, control theory of
weighted and timed automata will be studied.

The investigation of the antisymmetric 3-lineamf@ris at its very beginning and seems to be
very promising. These forms can be considered a&@msion of symplectic forms. The
extent, depth and the contemporary intensity oettgament of the symplectic geometry are
well known. At the same time it is obvious that theory of the antisymmetric 3-linear forms
will be even more extensive. Naturally, analogiéth\the symplectic geometry appeared, but
first of all we find here phenomena not known frire symplectic geometry. Results of the
study of 3-forms were so far applied to theoretmnakthanics and theory of partial differential
equations (e. g., the Monge-Ampére equation) (88e3], [X8-10], [X8-11]).
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C4. The applicant’s/institution’s role or significance in the overall research effort
going on within the field of IRP on both the natioral and international scales

The applicant pursues the subject of the resedarhip the national as well as international
context. Both the monographs, and journal and diogs papers that appeared in the recent
period and whose authors or coauthors are memb#re tnstitute significantly contributed

to further development of the subject of the insitiinal research plan.

17. Department of Real and Probabilistic Analysis

The contribution of the Department of Real and Rbolistic Analysis are focused mainly
on the generalized sum integration, generalizdérifitial equations, boundary value
problems, stochastic analysis, and stochastic gepnide most important results achieved
in the period 1999-2003 were described in Part B3.

As concerns the generalized sum integration, thiénéfaatical Institute has the world
priority due to J. Kurzweil and his paper [X1-22¢ntioned in Part C2. Nowadays, integrals
of the type introduced in that paper are generallied the Henstock-Kurzweil (HK) integrals
(R. Henstock rediscovered an equivalent notior@®01) Kurzweil integration theory turned
out to be a powerful tool for investigating diffati@l and integral equations. In [X1-22],
certain difficult convergence effects in ordinaifferential equations were explained.
Further, in the seventies, a complete theory oégdized differential and integro-differential
equations was established by Schwabik, Tvrdy, agjgidda, see [X1-40] (see also [X1-39]).
The first stage of the theory of the HK-integralswasumed by Kurzweil in [X1-23] and
[KX1-24]. Further, in the eighties, Jarnik, Schwala@nd Kurzweil introduced the PU-integral
(based on the concept of "partition of unity") Wanich they succeeded to formulate and prove
the Stokes theorem also for fields with singulestiA general principle of the interchange
of limit and integral based on the equi-integraypivas included in [X1-24]. In connection
with the convergence principle, a question ariskether the natural integral of step functions
can be extended to the integral of more complichiadtions when integrating over more
dimensional intervals. Jarnik and Kurzweil presdrs@me answers during the period 1997-
1999. Related problems of the topological structidréne spaces of primitives with respect to
various HK-integrations are the subject of the ngyaphs [1-002] and [1-003]. Recently, the
interest in the integration of Banach space vafuadtions increased. In particular, Schwabik
and Ye Guoju introduced new notions of the stramdj\w@eak McShane integrals (this integral
belongs to the family of HK-integrals and in theite-dimensional case is equivalent to the
Lebesgue integral) and presented their comparstimetBochner and Pettis integration, see
[1-057]-[1-059].

Using the upper/lower functions method, in the pajpe-042], [1-043], [1-047] and [1-
048], Raclinkova, Tvrdy, and Vrképroved the existence of nonnegative solutionettam
boundary value problems, including hitherto unsdlpeoblems with weak repulsive
singularities and the case when the first eigerevafuthe related Dirichlet problem is
touched. The same authors extended the methodoefdpwer functions also to the
impulsive problems, weakened usual monotonicityaggions, and obtained first partial
results for the non-ordered case, see [1-045] &A6].

Important results on the ergodicity of solutions v@frious types of stochastic partial
differential equations (including the Navier-Stokase) have been obtained by Maslowski
and Manthey ([X1-27], [1-029]), Flandoli and Maskki/[X1-8], Seidler [X1-38], Maslowski
and Seidler [1-032], Goldys and Maslowski [1-ORg&sults on qualitative properties of paths
of stochastic evolution equations including regtyaand Lyapunov stability have been
obtained by Seidler [X1-37], Dozzi and Maslowski(14], and Ondrejat [X1-32]. Particular

34



IRP identification code
AV0710190503

attention is now paid to the stochastic partiafedéntial equations driven by fractional
Brownian motion where the Mathematical Institutes lraremarkable priority thanks to the
papers [1-016] and [1-030].

I. Sax| with co-authors thoroughly studied the mmies of randomly simulated spatial
Voronoi tessellations, see, e.g., [X1-35], [X1-38}040], [1-097]. It is worth mentioning
that the tessellations generated by Bernoulli eluli¢lds, developed and studied in [1-039],
have important applications, e.g., in theory ofenats.

18. Department of Evolution Differential Equations

Members of the research group Evolution DifferdriEiguations published during the period
under consideration substantial contributions wresa research areas. The most significant
ones (represented mainly by items [2-012], [2-038]] [2-079] in the reference list) consist
in giving a new characterization of the global ldémge behavior of solutions to the equations
of motion of compressible fluid. The one-dimensimystem describing the expansion of a
strongly nonlinear gas was solved in [2-073]. Tinpartant work [2-040] on methods of
solving evolution equations with a non-convex pttiecomes a starting point for further
research in this direction. The paper [2-055] selve reliability problem in a model for
oscillations of an elastoplastic beam under uncedata. The analysis is based on the worst
scenario principle.

19. Department of Qualitative Methods of Mathematial Analysis

The established results represent a significartriborion in international scale (which can be
supported by a series of publications in recognirgdrnational journals). Some of them
bring brand new methods and approach to unsolvaolgms.

The publication [X3-5] is the first paper on coniddferentiability of systems controlled by a
unilateral parabolic problem on an infinite timeerval (works published up to now deal only
with contact elliptic problems).

A new problem area has been opened concernindizsdioin and destabilization influence of
non-standard boundary conditions on bifurcationseaction-diffusion systems (see [3-023]).
In particular, more detailed information about bifations of spatial patterns (i.e. of
stationary solutions which are non-homogeneoush@ 9pace) have been obtained. For a
certain class of variational inequalities with pagder, the smooth dependence of the solution
on parameter has been proved (see [3-024]) asamdlhe existence of smooth branches of
simple eigenvalues and the existence of smoothchesnof non-trivial solutions bifurcating
from eigenvalues of a linearized inequality satrgfya certain condition of simplicity (see [3-
025]). The result has been applied to a unilatemlpported beam compressed by axial force,
to non-linear elliptic equations, and their systemith unilateral integral conditions.

20. Department of Constructive Methods of Mathematial Analysis

The finite element method has developed into ammreaosly extensive subject, which is
investigated in virtually all developed countrieslusive of the Czech Republic. The "Czech
School" has gained greater international recogmitran one would infer from the relatively
small number of the scientists in this field. Thetitute contributed two monographs in the
nineties, monograph [4-004], and tens of papepeastigious foreign scientific journals.

Many groups abroad investigatgosteriori estimates, especially in the USA. Tatcal
works are rather rare in the Czech Republic. Theogmph [4-004] published abroad and
the papers [4-084], [4-085], [4-088] indicate résuecognized in the national as well as
international context.
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Various problems with uncertain data have beenesbin foreign and, to a small extent, in
domestic institutions mostly by engineering methbased on computational power. (In
medicine, specifically, the examination of the irofpaf uncertain data is often reduced to
statistical and probabilistic analysis, and ottsgrests are neglected). Both the analysis of the
impact of uncertain input data on the solutioniffedential equations or inequalities, and the
mathematical rigor of the analysis within the framoek of the worst scenario method are
unique on the national level. Not even abroad allgtis known.

The modeling of phase changes, as done in oututestis unique in the national context.
However, it cannot manage without cooperation witperimentally oriented institutions (in
particular, the Institute of Physics AS CR andlttstitute of Physics of Charles University up
to now).

Two topics should be distinguished in the intemadi context.

(i) Models of the Bridgman growth, i.e. the grovaththe crystal from the melt, are the
subject of interest in Germany and the U.S.A. Thedd laminar model tries to compete with
the laminar model developed at the university iitburg, Germany. The Czech model of
turbulence in the process of crystal growth seenigetunique at this moment and it brings a
brand-new view of the problem.

(i) The models of laser irradiation employ thedhetical results from physics obtained in the
U.S.A. above all, the modeling in the style usecthe done rather scarcely elsewhere again.
The Czech models and their possible exploitatiertlae subject of international interest
(Germany, Belarus).

In the Czech Republic, selected parts of relaivishysics are pursued by an internationally
renowned group at Charles University. Two youngaeshers from the department
collaborate with this group but also carry on tleeim research. The number of their
publications as well as the fact that they weré@uavto collaborate with Canadian
mathematicians indicate high quality of their résul

Number theory is a matter of individuals not omiythhe Czech Republic but also abroad. A
successful cooperation with foreign scholars (UBl&xico) lasts several years and resulted

in [4-002] and other works. It indicates that thetitute has acquired internationally
recognized results.

21. Department of Topology and Functional Analysis

Many of results obtained in the department ar@pfinternational quality and form borders
of present knowledge. Such results are for exantipdecharacterization of Banach spaces
with equivalent uniformly Gateaux norm, the existef invariant subspaces for
polynomially bounded operators, or the theory ofragly homotopic algebras. These and
other results were described in detail in part B3.

22. Department of Mathematical Logic, Numerical Algbra, and Graph Theory

In the foundations of mathematics (especially mmgbt theory) Czech mathematics has
belonged to the distinguished centers of progrese she sixties. The subject of the
foundamentals of mathematics changed successivéiheiwhole world from the set theory to
the investigation of weak arithmetic and to théneation of complexity of proofs. During this
change, Czech mathematics did not loose contakhtttw most important centers of the world
and results obtained by Czech mathematicians ayeappreciated.

We obtained new results in the area of approximatigorithms for scheduling and “load
balancing” [X6-040], [X6-042], [X6-010], [X6-011].
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The following two results apply techniques on tlederline of online algorithms and
communication complexity: the first applicationtascryptography, the second one to the
cake-cuttings, which is a widely studied area afarete complexity.

An improvement of the important result of extreroenbinatoric, the Frankl-Rédl theorem
concerning set systems with prohibited intersestion

New results concerning the complexity of resolutitsiconnection with bounded arithmetic,
and connection between provability of weak PigedaRwinciple and the cryptographic
hypotheses have been proved [X6-029].

New results concerning non-conservativity in bouhdethmetic were proved [X6-022].

We succeeded to find a new characterization otgtras with Schanuel’s dimension or with
abstract Euler’'s characteristic using combinat@taperties of definable sets [X6-031].

We found new reductions between disjoint pairs Bfdéts and connections with
propositional proof systems [6-033].

23. Department of Didactics of Mathematics

The orientation of our research is beneficial ndydor the Czech Republic but also from the
international point of view. It can be seen bestrfmumerous invitations to give lectures at
international conferences and at universities it lbloe Czech Republic and abroad, and from
requests for the publication of our results in jals and monographs [7-010], [7-027], [7-
001], [7-032].

24. Branch in Brno

In the qualitative investigation of solutions otlorary and functional differential equations, a
number of powerful results have been obtained whahed the world recognition. In
particular, the theory of oscillation for lineardcahalf-linear second order equations was, in a
sense, completed. A general theory of boundaryevatablems for functional differential
equations and their systems was constructed, iohflamework the most general, in a
natural sense, versions of the classical statermeaTis obtained and new results were got for
concrete cases. In studies of two-point boundalyevaroblems for singular second order
differential equations, rather sophisticated reswitre obtained. A detailed study of the scalar
functional differential equation with a two-poindindary condition was carried out.

In the field of control theory of discrete-evens®ms interesting results have been achieved
for systems modeled by Petri nets [8-039] and sooméerence publications) as well as for
systems modeled by finite automata [8-070] whemesother results have been submitted for
publication in control theory journals.

In the process of investigation of 3-forms on d#éfgiable manifolds of dimensions 6 and 7,
results were obtained providing us with basic geogs information about all types of
forms appearing in these dimensions. In dimensioarections with classical geometrical
structures were discovered which have very suliatBntontributed to the understanding of
3-forms on manifolds of this dimension. The resates partially published, some of them will
appear. They were presented at several internattonéerences where they aroused quite a
lot of interest. Consequently we were able to distalnternational cooperation (Berlin,
Wroclaw).
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C5. Objectives of IRP

Particular aims of the institutional research prathe individual research fields are
characterized in the following text. In generag pirincipal goal is to develop theoretical
knowledge in the key branches of mathematics amghjpdy these results in practice.

25. Department of Real and Probabilistic Analysis

The priorities of the Department of Real and Prdlstiz Analysisin the future will be the
following: (a) theories of generalized sum integnas, (b) boundary value problems, (c)
stochastic evolution equations, and (d) stocha&mmetry. The primary general aim consists
in the effort of the group to continue the reseanctine direction described above (see B3 and
C2) since it has the priority and a considerablgeernce in the given domain. The particular
aims are the following:

(a) Generalized sum integration:
To concentrate on the problerdr which integration bases the set of step functionsis
sequentially dense in the set of integrable functions?”

To find the relations between the convergence #msrbased on the concept of equi-
integrability for the McShane integral and the kmosonvergence theorems for the Lebesgue
integral.

To study the properties of generalized summatitegirals of the Henstock-Kurzweil and
McShane types with respect to the integration n€fiwns with values in a Banach space and
compare them with the known integrals (Bochnerti®ddunford, etc.). A book devoted to
Banach space integration will be one of the outputs

To establish new foundations for the generalizé@mintial equations with respect to new
foundations of the theory of integration. To inwgate systematically evolution problems in
the space of regulated functions.

(b) Boundary value problems:

To focus on the existence and properties of saigtto nonlinear boundary value problems
with singularities and/or with impulses. In parte to prove existence results for impulsive
problems having lower and upper functions whichdneat be well ordered.

(c) Stochastic evolution equations:
To study the basic qualitative properties of stgtisaevolution equations, including equations
in 2-smooth Banach spaces.

To study asymptotic behavior of solutions to staticaevolution equations by means of the
theory of Markov processes with special attenti@dpto stochastic partial differential
equations. Priority will be given to the investigat of non-autonomous systems and to well
physically motivated equations.

To study problems of stochastic optimal control fiofinite dimensional equations,
in particular, for stochastic partial differentialjuations and their relation to semilinear
parabolic equations on Hilbert and Banach spaces.

To investigate equations where the random pertiarbas instead of the Wiener process
modeled by the Poisson random measure, Levy pragelactional Brownian motion. The
emphasis will be put on large time behavior andettgyment of new methods in cases when
the solutions are not Markovian.

To study the existence and uniqueness of soluttdrstochastic hyperbolic equations and
their stability.
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(d) Stochastic geometry:

New highly anisotropic models will be included iritee existing Internet database of spatial
Voronoi tessellations. Simultaneously, the estioratf the properties of such original
tessellations from their induced tessellations ballconsidered. An analogous database of
planar tessellations will be built up. Furthermdhes classification of point processes based
on the characteristics of Voronoi tessellationdy@onal and polyhedral method of point
pattern recognition) will be further examined. Aipptions can be expected, e.g.,

in metallography, ecology, economic spatial contjgetj and servicing.

26. Department of Evolution Differential Equations

Science in its complexity is very variable. Newaash directions arise more and more often.
Some fashionable trends are exhausted very soomg sther give rise to an important
compact theory. It makes little sense to try torigid long-term research objectives in such a
flexible discipline as applied mathematics. Theeegsh group Evolution Differential
Equations is, nevertheless, personally and prafea8ly stabilized, its members are able to
react in an adequate way to the changing situatiscience as well as to demands of
cooperating applied research institutions, andesnbw problems within their competence
domain. For the next period, emphasis will be puaanore detailed investigation of the
solvability of equations describing collisions obwing rigid bodies in fluid and equations for
phase transitions in materials with non-local géetinteraction, modelling of microstructures
occurring in oscillating systems with a non-conegrergy functional, and development of
models for discontinuous processes and systemsonwétsided constraints with applications,
e.g., to mechanics of elastoplastic materials etthghfatigue.

27. Department of Qualitative Methods of Mathematial Analysis

Continuation of the study of weighted inequalitiesp-quasiconcave integral operators with
the help of the discretization and anti-discret@amethod. Applications of results in the
interpolation and function spaces theory. To cargistudy of the optimality of imbeddings of
function spaces.

Further development of extrapolation methods aiatezktablishing a theory of more
complicated spaces from basic spaces. Furtheraawelnt of the theory of differentiable
vector-valued functions feedbacked by needs ofiegamins — especially spaces with
dominating mixed derivatives on domains.

Continuation of collaboration with mathematiciansriing in the elasticity theory.

We shall continue studying non-standard applicatinthe implicit functions theorem to
variational inequalities. The objective is a geh#draory applicable in situations when the
classical methods fail. We shall tackle applicaditm partial differential equations with
unilateral boundary conditions, describing, e.gilateral membranes or a certain control. In
particular, applications to a description of smdaifarcations of spatial patterns in reaction-
diffusion systems connected with biological andlegical models will be dealt with.

Also we intend to further develop the method oégral equations. Especially we shall study
properties of solutions of boundary value problemd problems describing cracks.
Continuation of the research for more generaliffstance, orthotropic) materials, seeking
solutions to contact problems for non-linear plaggseblems of the non-uniqueness of
solutions, models of a dynamic contact of two defalole bodies (including the slip effect),
study of optimization of systems described by \taomal problems.
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28. Department of Constructive Methods of Mathematial Analysis

The maximum principle is an important feature dtisons to elliptic and parabolic
differential equations and so it should be presgiwea numerical solution too. We aspire to
generalize the discrete maximum principle to simalielements in the-dimensional space.

We will strive after new error indicators and erestimators usable in solving nonlinear
parabolic differential equations with various satsionlinearity. The next goal comprises
the design and analysis of efficient adaptive metioo time-dependent problems with two
spatial variables.

Several subjects will be pursued in problems witbeustain input data:

(a) Further elaboration of the worst scenario mettmmbined with fuzzy set theory;
especially fuzzy sets of parameters of differergghations will be considered.

(b) The behavior of models with uncertain dataeoghysics: ground water flow and
mechanical stress in rocks (in cooperation withRiepartment of Mechatronics, Technical
University in Liberec, and the Institute of Geonidsademy of Sciences, Ostrava).

(c) Appraisal of the impact of uncertainties intaér medical diagnostic methods. Itis a
continuation of an informal cooperation with thatitute of Clinical Biochemistry

(1*' Faculty of Medicine, Charles University, Pragueltie reliability analysis of pancreas
oriented**C -breath tests.

(d) The analysis of nonlinear parabolic problemghwncertain input data. A continuation of
the preceding research focused on linear parapmiglems [4-034].

In mathematical modeling of phase change proces&esitend to concentrate on:

(1) The development of conservative schemes fairspimoving boundary problems that
would be based on the method of lines and wouldogxdpe existing mathematical software
for solving initial-value problems for systems aflmary differential equations.

(2) A theoretical analysis of numerical methodsdolving moving boundary problems based
on the combination of Rothe’s method of lines dm&rmethod of the transfer of boundary
conditions.

(3) The development of new algorithms based onrtéthods from (2) and intended for new
areas of application, e.g., problems with the kinebnditions at the moving interface,
problems with multiple moving boundaries.

Moreover, we intend to study the models of heatraads transfer in porous materials (in
cooperation with the Faculty of Civil Engineerir§TU Prague). We also assume cooperation
with (i) Institute of Electronics, National AcaderoySciences of Belarus, and Hahn-Meitner-
Institut Berlin in the field of the computationabiteling of changes in semiconductor
surfaces due to pulsed laser irradiation; (ii)itnge of Physics, Charles University Prague, in
the field of the development and application ofetmod of complex mapping of CdTe and
CdznTe crystals grown from the melt — the evaluatbreal growth conditions enabled by
correlating the model and the technological expenihwill enable fabrication of crystals with
pre-defined physical conditions (important for gfreduction of infrared detectors, gamma
detectors etc.).

Together with Canadian mathematicians, we will wanka generalization of the theorem on
four-dimensional Lorentzian manifolds with vanishicurvature invariants to all dimensions.
For this purpose, it will be necessary to geneedfizown results and methods (e.g. Newman-
Penrose formalism, Petrov classification etc.),okare currently used in four-dimensional
calculations, to an arbitrary dimension.

The investigation of Fermat numbers will continAgention will also be paid to Sophie
Germain primes.
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29. Department of Topology and Functional Analysis

Consequences of the theory of strongly homotogjelaks for transfers of algebraic
structures, especially with respect to applicatimnsmathematical physics, will be studied.

A related problem is the construction of a cofihraperad based on the cellular
decomposition of compactification of the configimatspace of fermions in the plane. This
construction will be connected with one of the slderoblems of topology — characterization
of the homotopic type of spaces.

In general topology the research will be conceattain the theory of selections and of
hyperspaces. For example, the characterizatiopawfes having a continuous selector will be
studied. Another circle of problems is the behawiographs of continuous functions in the
Vietoris topology. A number of problems are moteaby relations between general
topology and functional analysis.

In function theory and its applications to operdt@ory, the research will be concentrated on
the following circles of questions:

Investigation of the theory of functions and operaion bounded symmetric domains,
especially generalizations of Blod,, etc. spaces, descriptions of holomorphic retrastio
onto boundary domains, properties of eigenvalueswvairiant differential operators and their
connection with representations of Lie group.

Investigation of operator models on the spacesalyéc functions, generalization of
Arveson’s curvature.

Investigation of the Bergman kernel of spaces ofholomorphic functions (for example
harmonic, caloric, etc.) and the Sobolev analogiid¢isese spaces, connections of these
objects with differential geometry, and their apations in quantification.

Study of various “canonical” classes of operatardumction spaces, e.g., Toeplitz, Hankel,
or symbolic calculi of Arazy and Upmeier. Furthigre questions concerning the existence of
subspaces of holomorphic functions in various weeigh™ spaces and their locally convex
generalizations.

The questions concerning the complementarity obthespace of compact operators and of
subspaces of holomorphic functions will be studied.

In operator theory, the attention will be concetetiado questions concerning the invariant
subspace/subset problem. These problems can beabsmily formulated by means of the
notions of cyclic, supercyclic, and hypercyclic ts.

The attention will be concentrated on the followaigles of questions:

Construction of orbits of operators with given pedpes and their use for construction of
nontrivial invariant subspaces and subsets.

Study of the role of reflexivity of Banach spaceshie invariant subspace/subset problem.
Construction of an invariant closed homogeneouseduiior power bounded operators.
The following questions will be also studied.

One of the basic classical open problems is thetmrewhether each complemented
subspace of[0,1] is isomorphic to som&(K) space. There are many deep results and partial
solutions in this field but the problem in its gead@y is still open. An interesting related
problem is whether the quotient space€@), whereK is a countable compact, are saturated
by .

Another important problem is whether the charaz#ion of reflexive spaces by means of 2-
rotundity is true also for non-separable spaces.prbblem has a positive solution if the
condition of 2-rotundity is replaced by the weakoRundity.
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30. Department of Mathematical Logic, Numerical Algbra, and Graph Theory

(1) Mathematical logic. Complexity theory and fentombinatorics

The main subject of our logic group is proof comile This is an area of logic that studies
questions similar to those in computational comipyetheory using the concept of logical
calculus instead of the Turing machine. Problenmutthe relation between complexity
classes have their counterparts in problems abeutelation of theories and proof systems
for propositional logic. Proving separations ofdhies and exponential lower bounds on the
length of propositional proofs seems as difficslipaoving separation of complexity classes
and proving exponential lower bounds on the sizBaxflean circuits.

However, studying the problems from a differentlanmgay bring progress to the whole area
of complexity.

The main problems that we want to concentrate encamservativity between fragments,S
finding new constructions of models of boundedhanittic, formalization of randomized
computations and cryptographic concepts in boumdiaimetic, and provability of versions
of the Pigeonhole Principle in propositional pregétems. In computational complexity we
plan to work on lower bounds for the size of algébcircuits.

In combinatorics we will work on explicit constriants of Ramsey graphs.

(2) Online and approximation algorithms, schedubigprithms

These topics are a very active area of the thebajgorithms and our group has been quite
successful at the international level. The mairl goa design and analysis of online and
approximation algorithms for problems including eghlingk-server problem, and their
variants. Currently we focus on the scheduling whih goal to maximize the number of jobs
completed before their deadline.

Despite recent effort of many researches and samlresults (including ours), many basic
problems remain open - we hope that we can sigmifig contribute to their study. In this
research, we use standard tools of algorithm dewigh focus on randomized algorithms and
combinatorial methods.

(3) Matrices and graphs
Mutual relationship between matrix theory and grdpory will be used to obtain results in
Laplacian eigenvalue problems for graphs and inlpatorial matrix theory.

31. Department of Didactics of Mathematics

In future, we intend to continue with the studymaftual relationships between processes:
“grasping of situation - problem posing - graspafigproblem - problem solving” and while
doing so, to deepen the study of representatioth@ablem posing. We will extend our
research by the study of possibilities of usingahiity to pose the problems as (a) the aim and
means of mathematics education, and (b) a diagrtosti that enables us to study the level of
knowledge as well as the causes of misunderstasding

We will summarize the evidence and classificatibpfenomena enabling us in both research
and school practice to determine (a) the levehaoleustanding the concept of fraction, (b) the
ability to solve problems, and (c) the causes atakies and misunderstanding.

We will connect and enrich the existing areas afregearch. One of suitable unifying views
seems to be the study of possibilities of invesitigethe level of students’ knowledge by
analysing problems, which the students createdadedsolved.

Our work on Socrates-Comenius Project will go otil @004. We will prepare courses for
practising teachers both from the Czech Republicadmmoad. We intend to go on with the
collaboration with our colleagues from Italy andr@any.
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We will amplify our analyses of semiotic represéotes (by comparing various approaches).
We will characterize communicative and cognitivegasses in the teaching of geometry from
the point of view of the choice of a semiotic systaf representation.

We intend to elaborate methods for diagnosingetael lof understanding of mathematical
concepts, which will be applicable both in reseat school practice.

32. Branch in Brno

We will continue in the study of the qualitativeoperties of solutions of ordinary and
functional differential equations. More precisélye following topics will be investigated:

a) various guestions from the qualitative theorypofindary value problems for ordinary and
functional differential equations and their systems

b) asymptotic properties of solutions of ordinang dunctional differential equations,
namely, boundedness, oscillatory behavior, monotiynietc.,

c) boundary value problems and the asymptotic thebdifferential equations in the Banach
space,

d) asymptotic theory of higher order ordinary difietial equations including the half-linear
equations,

e) singular boundary value problems for ordinarg amctional differential equations and
their systems.

The research methods will use our techniques dpedlearlier. The techniques will be
modified and extended in order to cover new cases.

In the field of differential geometry, we shall ¢ome the research of antisymmetric 3-linear
forms. The largest number of results is availabldimension 6. Here we shall try to classify
6-dimensional manifolds on which 3-forms of a givgpe exist. In dimension 7 it will be
necessary to find further information about thergetry of G-structures associated with
particular types of 3-forms. The research in din@m8 will start practically from the
beginning, because only very little is known héree investigation of the associated G-
structures will have to be performed with the hafligomputers. (Every basic calculation
requires here already three days of work if we aai@jpy hand. Moreover, the risk of making
a mistake is high.) Here the system Mathematicgphaged to be very convenient. We also
intend to investigate systematically the spacdsit®rof 3-forms of each type. Let us mention
that starting from dimension 9 the situation chang@stantially, and this is the reason why
we pay so much attention to dimensions 6, 7, afich8re will be a parallel research of 3-
forms in a general setting (i.e. without restrintto a particular dimension). The goal will be
to discover constructions and structures (e.gs9owi type structures) which are associated
with a given 3-form. We intend to cooperate with group concentrated around T. Friedrich
(Berlin), which is interested in metric connectiamgh antisymmetric torsion (i.e., the torsion
is a 3-form).
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C6. Strategies and methods to be applied to carryud IRP

Strategy and methods of carrying out the institdlaesearch plan consist in standard means
of basic research in mathematics.

All research relies on a good access to scieridimks and journals. In mathematics, this is an
absolutely necessary condition for successful séieresearch in general and for solving the
Institutional Research Plan in particular.

Therefore, the Mathematical Institute pays maxinaitantion to, and spends much money
for obtaining books and journals for its CenteBofentific Information. This is the biggest
public specialized mathematical library in the Gz&epublic of the nation-wide range.
Beside the paper versions, we also try to get adecethe Internet versions to the greatest
extent possible.

Present total costs of the regular updating oLibeary book and journal funds are 2 to 3
million crowns per year. However, the prices onititernational market of scientific
publications continually grow.

An integral part of the activities of the Mathengatilnstitute is editing and publishing
mathematical journals. The Institute publishesdghntéernational scientific journals that
present original mathematical papers. They arecl@r#ovak Mathematical Journal and
Mathematica Bohemica (4 issues per year, theywmeessors of asopis pro gstovani
mathematiky a fysiky established in 1872), and Agations of Mathematics (6 issues per
year, established in 1956). The journals menticaredsubject to some copyright conditions)
also available on the Internet.

In the framework of a joint project of the Europédathematical Society and the
bibliographic journal Zentralblatt fir Mathemattke Mathematical Institute maintains the
Czech editing unit of the journal since 1997. Ita & to provide reviews of mathematical
publications and prepare input text for the Zebtedt fur Mathematik and the MATH
database.

National and international contacts are the metifatientific work that enables immediate
exchange of information. Therefore, a significarategy is also the participation at national
and international scientific meetings, broad caistagth other mathematical institutions in
the Czech Republic as well as abroad, and mutigtstc visits both of the members of the
Institute at foreign institutions and of foreigrsearchers at the Mathematical Institute. The
Institute offers to foreign mathematicians two piosis for long-term scientific stays (usually
for 1 year) every academic year. Short-term stagshe standard method of solving the IRP
(see Part B4).

Grant funds are also very significant means tmnat as well as international contacts (see
the list of grant and programme projects).

Very efficient computers are necessary in somedbras of mathematical research for
verifying and comparison of numerical methods dgdr&¢thms that were established as a
result of theoretical research.

It is assumed that MS as well as PhD studentso&ilhtegrated in all the branches of
research at the Institute. It is absolutely nesgdsa the success of the research plan and the
development of the Mathematical Institute as a whioht the members of the Institute are
tutors of MS diploma works at universities, thatythattract students for graduate study at the
Institute, and that finished doctorands become negsbf the Institute. This is the only way
to perspectively solve the problem of the averagedat the members of the Institute. We
believe we have started the progress in this wagessfully.

The Institute is deeply concerned with the probtgnioung scientists and their salary
situation. The PhD students mentored at the Instino have outstanding study and in
particular scientific results are offered a pantdijob. This way initiates their closer contact
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with the Institute that can finish as a standaldgba young scientist at the Institute after
completing his/her PhD study. Another way of impngyvsalary situation of top young
researches is the Otto Wichterle Premium for YoBogntists of the Academy of Sciences
that is connected with a three year financial suppiothe winner. The Mathematical Institute

exploits this opportunity and regularly nominatissyioung researchers. During 2 years of
providing this Premium, 5 members of the Institud®e been honored.
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C7. Time schedule of IRP

To fix a detailed time schedule of research in mathtics is extremely hard and, as far as
new basic research results are concerned, impes3ibése pioneering results in mathematics
usually cannot be predicted. Applications of theegech results obtained can often be
scheduled in time. However, mathematical resutsugually applied to practice via physical
or technical research. Then mathematicians canenéle the time schedule only partially.

The expected time schedule in the individual brasalf mathematical research is briefly
outlined in the following.

33. Department of Real and Probabilistic Analysis

The time schedule can be divided into 2 stagedinitnarily it can be expected that the
progress in particular fields will continue as twils.

(a) Generalized sum integration:

The first stage will be devoted to the study ofvengence principles and of topological
properties of various kinds of sum integrals intérdimensional spaces. The first part of
monograph on integration in abstract spaces wipdepared. In the second stage, the
previous results will be further completed and mattention will be paid to their application
to the investigation of the properties of generidifferential equations.

(b) Boundary value problems:

First, basic existence principles for nonlinear utspse problems will be completed and
effective methods for constructing the upper aneelofunction will be sought. Second,
further extensions to singular problems will be sidered.

(c) Stochastic analysis:

Throughout the whole period, basic properties oflsastic evolution equations including
equations perturbed by fractional Brownian motiat e concerned.

In the first stage, the study of the existencewamdueness of solutions to stochastic
hyperbolic equations and of their stability will barried out. Attention will be paid to the
limit behaviour of some important equations witlplagations in physics and to optimal
control problems governed by stochastic partidedgntial equations including the Hamilton-
Jacobi ones.

In the second stage, the results achieved durmfjrgt stage will be generalized to more
general equations. In particular, the aim is tostaer equations with stochastic perturbation
modeled by process, which is not the Wiener one.

(d) Stochastic geometry:

First, theoretical research will continue and thgallase of planar tessellations will be built
up and made openly accessible. Second, anisotmogiels will be included into the spatial
database.

34. Department of Evolution Differential Equations

The first stage of the research activities will cemntrate on the derivation of admissible
mathematical contact conditions for bodies in eadl in a fluid. This will lead to the
possibility to correctly state the problem and grdlve well-posedness of the corresponding
system of equations of motion. For non-local phesasition models and systems with non-
convex potentials, attention will be paid to quassi of existence and uniqueness of solutions
in appropriate classes of functions. A general &awork for a consistent mathematical
description of time-discontinuous structural changél be searched for as an extension of
known properties of classical physical models fiscdntinuous processes. As second step,
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qualitative properties of the derived systems afagigns will be investigated, in particular
their stability, long-time behaviour, and charaizt&tion of a possible steady state.

35. Department of Qualitative Methods of Mathematial Analysis

In the first phase we shall especially deal with tbllowing problems:

al) The integral equations method will be usedsfdutions of boundary value problems on
domains with cracks.

a2) Discretization and anti-discretization of weagh norms ofp-quasiconcave integral
operators and characterization of weighted inetjaalior these operators in the class of all
non-negative measurable functions.

a3) Characterization of optimal imbeddings of fumttspaces.

a4) Study aimed at obtaining new results of extietmn properties of basic spaces of
integrable functions, whose further objective isexitrapolation description of more general
spaces, particularly, of Orlicz spaces.

ab) Studying bounds for the coefficient of frictitox more general materials (for instance the
orthotropic ones).

a6) Contact problems for non-linear plates, optation of systems described by variational
problems (extending results on the conical diffaedmlity).

a7) Establishing a general theory, employing thglicit functions theorem in a non-standard
way for study of bifurcations for variational inegjities.

a8) Study of spaces whose norm contains the diféer®f the maximal function of the non-
increasing rearrangement and the non-increasimgaregement.

In the second phase we shall concentrate on:

1) Employing the integral equations method for 8tady of properties of solutions to
boundary value problems.

2) Characterization of validity of weighted ineqtiak for thep-concave integral operators on
the class of all non-negative and monotone funstion

3) Employing results from a2) and 2) in the intéghon and function spaces theory.

4) Development of spaces of differentiable vectaised functions on domains feedbacked by
current needs in applications (continuation of ¢b#aboration with mathematicians working
in the elasticity theory).

5) Questions about the non-uniqueness of solutor®ntact problems for non-linear plates
and models of dynamic contact of two deformabled®@ncluding the slip effect).

6) Applications of results from a7) to boundary uelproblems for partial differential
equations with unilateral boundary conditions

7) Weighted inequalities for general maximal fuans on metric spaces with measure.

36. Department of Constructive Methods of Mathematial Analysis

Research schedule depends on relations betweetupartesearch subjects and already
finished phases of the research. In general, thealaspects of the suggested problems will
be investigated in 2005-2007. Also in this perithe, present scientific knowledge will be
applied to specific problems. At a later time, aoegh knowledge will be incorporated into
methods for solving practical problems.

37. Department of Topology and Functional Analysis

The character of the proposed questions does i mpossible to give a precise schedule
of their solution. It is possible to expect, howevbkat new important results will be obtained
in great part of the proposed problems. It is gisssible that the obtained results will open
new circles of questions. However, it is diffictdtspeculate about it at present.
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38. Department of Mathematical Logic, Numerical Algbra, and Graph Theory

In mathematical logic at the beginning we shallgaonirate on the problem of connections
among different systems of bounded arithmetic ¢thealled problem of conservativity),
connection between Pigeonhole principles and psearddom generators. Later we shall deal
with questions more connected with foundationshsasstatements of consistency and
quantum logic.

In complexity theory and combinatoric our first aigrto investigate circuits with linear gate
and to construct Ramsey graphs. We also plan tonddalower bounds on complexity of
boolean circuits and to follow new trends in thisaa

In graph theory a new definition of a generalizegighited graph is being prepared. The
properties of such graphs as well as relationsiiip kaplacian will be discussed.

In set theory we shall continue in investigatiorstationary sets in relation with large
cardinals. The current stage into stationary setlescribed in some detail in the chapter that
was written for the forthcoming Handbook of Set dityg/6-004]. In the theory of Boolean
algebras we are going to investigate various ptegseof complete Boolean algebras related
to the theory of forcing. It is investigated lortgreding open problem of von Neumann and
Maharam, on Boolean algebras that carry a meadlgalso want to continue in research of
nonstandard methods. In the future it would beablgtto formalize and later to study the
attempt of dynamic set theory as was informallycdbsd during investigation of alternative
set theory.

39. Department of Didactics of Mathematics

Experiments (from C5) will be suggested and caroat and studies elaborated during the
year.

40. Branch in Brno

Algebraic topology and differential geometry:

First year will be devoted to the geometry of 3afisrin dimension 7.

Second year will be concentrated on the topolog3+fairms in dimension 7 and on the
computer processing of 3-forms in dimension 7.

Third and fourth year will be devoted to the diffetial geometry of 3-forms in dimension 8.
We shall also start their topological investigation

In the fifth and sixth year we shall study the timgy of 3-forms and applications of 3-forms.

Control theory of discrete-event systems and hyfygtems:

First two years: decentralized and modular superyisontrol of logical automata
Next two years: supervisory control of weighted &inted automata

Last two years: Testing of new control methodsgpli@ations and conclusions
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C8. Anticipated results of IRP (including their characterization, and estimateaketiframe
of their implementation)

The outputs in basic research and in mathematipariticular are mostly represented by
scientific publications, specialized monographsgua in recognized international journals,
contributions to international scientific meetingad papers in the proceedings of these
conferences.

The application of theoretical mathematical restdtpractice usually cannot be planned,
neither in time, nor in the way of application.

There are mathematical results that were applieslée hundreds of years after their
disclosure. For example, the classical theory ofilmers is now intensively used in
cryptography. Another significant example of suohagplication of theoretical mathematical
results almost one hundred years after the puldicatt a mathematical scientific journal is
the use of the Radon integral transform in comzedrtomography. Only the wide
development of computer hardware and software madsible the practical application of
long time known theoretical results.

We expect that a lot of scientific publicationsluting several monographs will appear
during the treatment of the institutional resegian. This concerns all the branches of
research that are the subject of the research phanstandard frame of a mathematical
publication, i.e. definition - theorem - proof, Wile respected. Most works structured in this
way will be complemented with practical exampled an outline of possible applications.
The works will stem from the results having beeblghed and will generalize them. On the
other hand, it is expected that results qualitatieed completely new in the world scale will
also arise.

Algorithms and computer codes will also belong agwnportant results, especially from the
point of view of possible applications.

As international contacts are absolutely necedsaye research in mathematics a form of
results will be also lectures and talks at intaomatl scientific meetings and contributions to
their proceedings, and, moreover, invited lectofedbe members of the Mathematical
Institute at Czech as well as foreign institutions.

An important result will also consist in the educatof both MS and PhD students and
tutoring their diploma and dissertation theses, iarttle preparation of university texts and
textbooks.
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D1. Key personnel:List of leading researchers, the applicant’s/ingih’'s employees,
who may substantially and creatively contributethe fulfilment of research plan
objectives, along with their personal data, enwshgiajor activities and allocated
capacity (expressed as a working load in per cent)
. S Working
Surname Name Titles, scientific Ye_ar of Principal activity load in
degree birth %
Balcar Bohuslav RNDr.. DrSc. 1943 Boolegn algebras, topology and functional 100
analysis
Eisner Jan 1967 | Qualitative study of differential equations 100
Mgr., PhD. L ; .
and variational inequalities
Englis Miroslav RNDr., DrSc. 1964 | Functional analysis-operator theory 10(
Fabian Marian Doc. RNDY.. Drsc. 1949 Boole(_':m algebras, topology and functional 100
analysis
Feireisl Eduard RNDr., DrSc. 1957 | Evolution equations 100
Gogatishvili | Amiran PhD. 1961 | Function spaces 100
Hajek Petr 1968 | Boolean algebras, topology and functional 100
Mgr., DrSc. .
analysis
Hakl Robert 1973 | Ordinary differential and difference 100
Mgr., PhD. .
equations
Chleboun Jan RNDY.. DrSc. 1960 | Finite element analysis of non-linear 100
problems
JaruSek Ji RNDr.. DrSc. 1951 Qualltat_lve_ study of dlff_e_rennal equations 100
and variational inequalities
Jech Tomas Prof., RNDr. 1944 | Mathematical logic 100
John Kamil RNDr.. DrSc. 1942 Boolegn algebras, topology and functional 100
analysis
Komenda Jan 1971 | Ordinary differential and difference 100
Magr., PhD. .
equations
Krajicek Jan Doc. RNDr., DrSc. 1960 | Mathematical logic 100
Krbec Miroslav RNDr., CSc. 1950 | Function spaces 100
Krejei Pavel RNDr., CSc. 1954 | Evolution equations 100
Ktizek Michal Prof. RNDT., DrSc. 1952 | Finite element analysis of non-linear 100
problems
Kucera Milan Prof. RNDY., DrSc. 1946 Quallta_tlv_e stuc_zly of dlf_f_erennal equations 100
and variational inequalities
Markl Martin RNDr.. DrSc. 1960 Algebrallc topology, differential geometry, 100
homological algebra
Maslowski Bohdan RNDr., DrSc. 1957 | Theory of stochastic evolution equations 10
MatouSkova | Eva Doc. RNDr.. PhD. 1967 Boole(_':m algebras, topology and functional 100
analysis
Medkova Dagmar 1957 | Qualitative study of differential equations 100
RNDr., CSc. . - -
and variational inequalities
Miiller Vladimir RNDr., DrSc. 1950 | Functional analysis-operator theory 10(
Necasova Séarka RNDr., CSc. 1965 | Evolution equations 100
Ondrejat Martin Mgr., PhD. 1976 | Theory of stochastic evolution equations 10
Opic Bohumir RNDr., DrSc. 1948 | Function spaces 100
Panak Martin 1973 | Algebraic topology, differential geometry, 100
Mgr., PhD. .
homological algebra
Pelant Jan RNDY.. DrSc. 1950 Boole(_':m algebras, topology and functional 100
analysis
Petzeltova Hana RNDr., CSc. 1945 | Evolution equations 100
Pravda Vojtch Mgr., PhD 1971 | Numerical and analytical methods in the] 100

theory of relativity and celestial mechanic
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. S Working
Surname Name Titles, scientific Ye_ar of Principal activity load in
degree birth %
Pravdova Alena 1971 | Numerical and analytical methods in the] 100
Mgr., PhD. L . .
theory of relativity and celestial mechanics
Prikryl Petr Doc. RNDY., CS. 1942 Eff|c.|ent approximation scher‘r_\es to the 100
solution of elliptic and parabolic problems
Pudlak Pavel RNDr., DrSc. 1952 | Mathematical logic 100
Roubtek Filip Mgr., PhD. 1974 | Didactics of mathematics 100
Rehak Pavel 1972 | Ordinary differential and difference 100
Mgr, PhD. .
equations
Segeth Karel Doc. RNDY., CSc. 1943 | Finite element analysis of non-linear 100
problems
Seidler Jan CSc. 1960 | Theory of stochastic evolution equations 10
Sgall JH Doc. RNDr., DrSc. 1965 | Mathematical logic 100
Schwabik Stefan Prof.RNDT.. DISC. 1941 tlr?éf(fﬁ;entlal equations and integration 100
Sochor Antonin RNDr., DrSc. 1942 | Mathematical logic 100
StraSkraba Ivan CSc. 1947 | Evolution equations 100
Silhavy Miroslav RNDr., DrSc. 1949 | Math. methods in continuum mechanics 10
Sremr Ji Ina. PhD 1976 | Ordinary differential and difference 100
g ' equations
Ticha Marie Mgr., CSc. 1947 | Didactics of mathematics 100
Tvrdy Milan Doc. RNDY., CSc. 1944 tlr?éf;er;entlal equations and integration 100
VanZura Jii Doc. RNDY., CSc. 1943 Algebrai_c topology, differential geometry, 100
homological algebra
D2. Staff: Qualification and professional specialization ofliidnal research team
members, along with their major activities and swarined work capacities (in hours
per year)
Quialification/ Number of : I Total
: Major activities .
professional group | persons capacity
PhD students 10 research work in the frame of daksbudy 6 600
part-time jobs 15 scientific research, consultagion 11 440
visiting professor 2 scientific activities 4 400

D3. Auxiliary personnel: Estimatedvorking capacity (in hours per year) of supporting
personnel providingubsidiary and infrastructure support for IRP

- . - Working

Characteristic of the supporting activity capacity
Library 7920
Computing Center 9 020
Editorial Boards 7 700
Economic Administration 25410
Secretaries 5500
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List of major implemented R&D results related b the subject of IRP achieved by
the members of research team, within the period df999-2003

1. Realna a pravd &podobnostni analyza
1. Real and Probabilistic Analysis

Monografie / Monographs

[1-001]
[1-002]
[1-003]

[1-004]
[1-005]

Hajek, J. - Sen, P. K. - Sidak, Z.: Theorypf rank tests. San Diego, Academic Press, 435
pp, 1999.

Kurzweil, J.: Henstock-Kurzweil Integration: Its Relation to Topological Vector
Spaces. Singapore, World Scientific, 138 pp, 2000.

Kurzweil, J.: Integration Between the Lebegue Integral and the Henstock-Kurzweil
Integral. Its Relation to Local Convex Vector Spacg. Singapore, World Scientific, 140
pp, 2003.

Schwabik, S.: Integrace v R (Kurzweilovarie). Praha, Karolinum, 326 pp, 1999.

Tvrdy, M.: Differential and Integral Equatis in the Space of Regulated Functions.
Memoirs on Differential Equations and Mathematiehysics, 25, [-] 1-104, 2002.

Kapitoly v monografiich / Chapters in monographs

[1-006]

Maslowski, B. - Seidler, J.: Strong Feliefinite-dimensional diffussions. In: Stochastic
partial differential equation (Ed. da Prato, G.paro, L.), 373-387, 2002.

Clanky v recenzovanych periodikach / Papers in reviged periodicals

[1-007]

[1-008]

[1-009]

[1-010]

[1-011]
[1-012]

[1-013]

[1-014]

[1-015]

[1-016]

[1-017]

Besterci, M. - Kohutek, I. - Saxl, I. - &ibva, K.: Analysis of spatial arrangement of
particles in Thin Foil of Al-Al4C3 Material. Jourhaf Materials Science, 34, 1055-1060,
1999.

Besterci, M. - Kohtek, I. - Saxl, |. - Siliova, K. - Sewik, A.: Grain size estimation in
steels. Metallic Materials, 40 [1] 85-98, 2002.

Besterci, M. - Saxl, I. - Velgosova, O.: & estimation of uniform grain: Dispersion
strengthened Cu-based system. Engineering MechanidaZenyrskd mechanika, 10 [3]
181-190, 2003.

Brich&ek, V. - Dittrichova, J. - Prochazkova, E. - ReuleM. - Sobotkova, D. - Vondték
J.: Hodnoceni raného vyvoje &#: metoda Kent infant development (KID) scale Sicla
podminkachCeskoslovenska psychologie, 45 [1] 10-14, 2001.

Colombo,G. - Dai Pra, P. HiMan, V. - Vrka:, I.: Stochastic processes for bounded noise.
Mathematics of Control, Signal and Systems, 16 §2086-119.

Dittrichov4, J. - Paul, K. - Vondfék, J.: Pravidelny dech za spankuéti & prvnich

mesicich Zivota. Sbornik Iéksky, 101 [4] 343-346, 2000.

Dittrichov4, J. - Prochazkova, E. - SobatkoD. - Vondréek, J.: Early development of
preterm infants: use of the neurobehavioral assatsofi@reterm infants (NAPI).
International Journal of prenatal and perinatacpsjogy and medicine, 12 [2] 77-87, 2000.
Dozzi, M. - Maslowski, B.: Nonexplosion sélutions to stochastic reaction-diffusion
equations. ZAMM - Zeitschrift fir Angewandte Mathatik und Mechanik, 82, 745-751,
2002.

Duncan, T. E. - Maslowski, B. - Pasik-Dunag B.: Adaptive control for semilinear
stochastic systems. SIAM Journal on Control and Opnization, 38 [6] 1683-1706,

2000.

Duncan, T. E. - Maslowski, B. - Pasik-Dunag B.: Fractional Browman motion and
stochastic equations in Hilbert spaces. Stochastiesd Dynamics, 2, 225-250, 2002.
Duncan, T. E. - Maslowski, B. - Pasik-DungcB.: Solutions to linear distributed parameter
equations with multiplicative fractional Gaussianise. IEEE Transactions on Automatic
Control, accepted, 2003.
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[1-018] Fischer, J. - Vrkg I.: Operator-product expansion and analyticityeinational Journal of
Modern Physic Particles and Fields, Gravitationsi@ology, Nuclear Physics, 14A [30]
4819-4840, 1999.

[1-019] Fischer, J. - Vrkg I.: The operator-product expansion away from Eieeln region.
Nuclear Physics B-Proceedings Supplements, 7433871999.

[1-020] Goldys, B. - Maslowski, B.: Ergodic controbf semilinear stochastic and Hamilton-
Jacobi equations. Journal of Mathematical Analysisnd Applications, 234, 592-631,
1999.

[1-021] Goldys, B. - Maslowski, B.: Uniform exporte ergodicity of stochastic dissipative
systems. Czechoslovak Mathematical Journal, 12848}762, 2001.

[1-022] Goldys, B. - Maslowski, B.: Parameter estiation for controlled nonlinear stochastic
PDE’s. Journal of Multivariate Analysis, 80, 322-33, 2002.

[1-023] Hausenblas, E. - Seidler, J.: A note onimakinequality for stochastic convolutions.
Czechoslovak Mathematical Journal, 51 [4] 785-741..

[1-024] Kregi, P. - Kurzwell, J.: A Nonexistence result for therzweil integral. Mathematica
Bohemica, 127 [4] 571-580, 2002.

[1-025] Kirivan V. - Vrkat, I.: Should 'handled' prey be considered? Someemprences for
functional response, predator-prey dynamics anisnapforaging. Journal of Theoretical
Biology, accepted, 2003.

[1-026] Kifivan, V. - Vrka:, |.: Patch choice under predation hazard. ThempuP Biol. 58, 9, 329-
340, 2000.

[1-027] Leha G., Maslowski B., Ritter G.: Stabilif solutions to semilinear stochastic
evolution equations. Stochastic Analysis and Agglans, 17, 1009-1053, 1999.

[1-028] Ligeza, J.-Tvrdy, M.: On systems of lina@dgebraic equations in the Colombeau algebra.
Mathematica Bohemica, 124 [1] 1-14, 1999.

[1-029] Manthey, R. - Maslowski, B.: A random contous model for two interacting populations.
Applied Mathematics and Optimization, 45, 213-23802.

[1-030] Maslowski, B. - Nualart, D.: Evolution equéions driven by a fractional Brownian
motion. Journal of Functional Analysis, 202 [1] 277305, 2003.

[1-031] Maslowski, B. - Seidler, J.: On sequengialieakly Feller solutions to SPDE’S. Atti della
Accademia Nazionale dei Lincei. Classe di Sciengelfe, Matematiche e Naturali.
Rendiconti Lincei. 9. Matematica e Applicazioni, [2) 69-78, 1999.

[1-032] Maslowski, B. - Seidler, J.: Probabilisti@pproach to the strong Feller property.
Probability Theory and Related Fields, 118 [2] 18219, 2000.

[1-033] Maslowski, B. - Seidler, J.: Strong Fekalutions to SPDE’s are strong Feller in the weak
topology. Studia mathematica, 148 [2] 111-129, 2001

[1-034] Maslowski, B. - Schmalfuss, B.: Random dyinzal systems and stationary solutions of
differential equations driven by the fractional Br@an motion. Stochastic Analysis and
Applications, accepted, 2003.

[1-035] Maslowski, B. - Simao, I.: Long-time behani of nonautonomous SPDE’s. Stochastic
Processes and their Applications, 95 [2] 285-30912

[1-036] Novak, J. - &vova, H. - Vondréek, J.: Multivariate statistical methods as a tfdinancial
analysis of farm business. Agric. Econ., 48, 92(0)2.

[1-037] Ponizil, P. - Saxl, I.: Grain size estimabin: w-s diagram. Materials Characterization,
46, 113-118, 2001.

[1-038] Ponizil, P. - Saxl, I.: Bernoulli clusterield: Voronoi tessellations. Applications of
Mathematics, 47 [2] 157-167, 2002.

[1-039] Ponizil, P. - Saxl, I. - Sulleiov4, K.: Simlating grain size estimation. Metallic
Materials, 39 [6] 396-409, 2001.

[1-040] Ponizil, P. - Saxl, I. - Sulleiova, K.: Steology and simulation of heterogeneous
crystalline media. International Journal of Material & Product Technology, 18 [1/2/3]
1-25, 2003.

[1-041] Raclkinkova, I. - Tvrdy, M.: Method of lower and uppenttions and the existence of
solutions to singular periodic problems for nondindifferential equations of order two.
Mathematical Notes, Miskolc, 1 [2] 135-143, 2000.
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[1-042] Rachinkova, I. - Tvrdy, M.: Nonlinear systems of differential inequalities and
solvability of certain boundary value problems. Jounal of Inequalities and
Applications, 6 [2] 199-226, 2001.

[1-043] Rachinkova, I. - Tvrdy, M.: Construction of lower and upper functions and their
application to regular and singular periodic bounday value problems. Nonlinear
Analysis. Theory, Methods & Applications, 47, 3933948, 2001.

[1-044] Raclinkova, I. - Tvrdy, M.: Localization of nonsmoothaler and upper functions for
periodic boundary value problems. Mathematica Babeni27 [4] 531-545, 2002.

[1-045] Raclkinkova, I. - Tvrdy, M.: Impulsive periodic boundargiue problem and topological
degree. Functional Differential Equations, 9 [344]L-498, 2002.

[1-046] Raclinkova I., Tvrdy M.: Nonmonotone impulse effectssecond order periodic boundary
value problems, Abstract and Applicable Analysigepted, 2003.

[1-047] Rachinkova, I. - Tvrdy, M. - Vrko &, |.: Existence of nonnegative and nonpositive
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E Facilities, material and technical resources

E1l. Description of present facilities, spatial conitions, and material and technical
resources in the operating site of applicant/instiition that can be used to carry
out IRP

The Mathematical Institute is located in the buitfiat 25 Zitn& Street, Praha 1, and it has the
right of use to this real property. As, despitetallefforts, the Institute is not able to acquire
great number of young scientific workers the spam@itions are acceptable. The building
certainly needs regular maintenance.

The Brno Branch of the Institute is located in budding of the Institute of Physics of
Materials of the Academy of Sciences at 22 ZizkBtraet.

E2. Infrastructure, instrumentation and major technical equipment which is
necessary to procure in order to realize the reseah plan objectives

Service departments of the Mathematical Institake tcare of good working conditions for
the members of the Institute. First, it is necestamention the Scientific Information Center
that operates also as a public library. This ishiiggest specialized mathematical library in
the country. It is more and more expensive to bew wolumes of journals (including Internet
journals) and new books. At present, the sourceewafbooks are practically only grants of
the members of the Institute.

It is still true for most mathematical branchesc@pt for numerical analysis and some further
fields) that research in mathematics requires arpgncil and paper. Naturally, it is necessary
for each employee of the Institute (not only astifie member) to have a computer available
as a means of communication. This is the reasogrémtual and sometimes expensive
upgrading the computers, printers, and net servers.
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F Financial resources needed to carry out IRP
F1. Breakdown of allowable costs (in thousands ofZK)
Year 2005 Total . O ut of which
institutional support
Wages and salaries Bl 25000 | B2 25000
Contractual agreements B3 54% B4 545
Compulsory statutory taxes B7 8864 B 8868
Allocation into the Fund of Social and Cultural se B9 507 | B10 507
Property acquisition (major equipment) B11 1305 2Bl 1305
Depreciation, maintenance and repairs of the ptgper | B13 0 | B14 0
Materials, small inventory and consumables B[15 5612B16 6125
Purchase of services B1y 1700 B18 1700
Travel expenses B19 3100 | B20 3100
International cooperation B21 400 B22 400
Publication of results and protection of intelledtrtights | B23 400 | B24 400
Supplementary (overhead) expenses B25 4660 B26 4650
Total E15 52600 | E16 52600
Year 2006 Total _out of which
institutional support
Personal expenses E19 39400 | E20 39400
Property acquisition costs E21 2850 E22 2850
Operational costs E23 8000 | E24 8000
Travel expenses E25 3150 | E26 3150
International cooperation E27 450 E28 450
Publication of results and intellectual rights paiton E29 400 | E30 400
Supplementary (overhead) costs E31 4650 EB2 4650
Total E33 58900 | E34 58900
Year 2007 Total __Outof which
institutional support
Personal expenses E37 45000 | E38 | 45000
Property acquisition costs E39 2600 E4D 2600
Cost of operation E41 8500 | E42 8500
Travel expenses E43 3500 | E44 3500
Costs of international cooperation E45 700 E46 700
Costs of the publication of results and rightshe tesults | E47 600| E48 60(
Supplementary (overhead) expenses EA9 5000 E50 5000
Total E51 65900 | E52 65900
Year 2008 Total __Outofwhich
institutional support
Personal expenses E55 53000 | E56 53000
Property acquisition costs E57 2660 ES58 2660
Cost of operation E59 8500 | E60 8500
Travel expenses E61 3400 | E62 3400
Costs of international cooperation E63 700 E&64 700
Costs of the publication of results and rightsh® tesults | E65 600| E66 60(
Supplementary (overhead) expenses EB7 5100 E68 5100
Total E69 73960 | E70 73960
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Year 2009 Total __ Outof which
institutional support
Personal expenses E73 61000 | E74 61000
Property acquisition costs E75 277% E76 2775
Cost of operation E77 8500 | E78 8500
Travel expenses E79 3400 | E80 3400
Costs of international cooperation E8L 600 E82 600
Costs of the publication of results and rightsh® tesults | E83 600| EB4 60(
Supplementary (overhead) expenses EB85 5200 E86 5200
Total E87 82075 | E88 82075
Year 2010 Total . OUt of which
institutional support

Personal expenses E91 71000 | E92 71000
Property acquisition costs E93 2450 E9%4 2450
Cost of operation E95 8600 | E96 8600
Travel expenses E97 3500 | E98 3500
Costs of international cooperation E99 800 EI100 800
Costs of the publication of results and rightsh® tesults | E101 600| E1Q02 600
Supplementary (overhead) expenses ELO3 5600 E104 00 56
Total E105 92550 | E106 92550

F2.  Justification of items and allowable expensespecification of financial resources

Institutional support will be the principal finaatiresource for the Mathematical Institute.
Possible further resources in the form of contrdmg obtained for individual projects from
grant agencies (Grant Agency of the Czech RepuBliant Agency of the Academy of
Sciences, etc.) cannot be planned for long timebor The plan of financial support assumes
a year-to-year increase of about 12 per cent.

Comments to the individual items planned for 2005

The wages and salaries planned stem from the asttuature of the key personnel
contributing to the IRP and their classificatiorthe system of qualiftication degrees and
classes. These wages and salaries represent tmeatinnds that the Mathematical Institute
absolutely necessarily needs to keep its todap specialists and to attract as many young
gifted mathematicians as possible who will be ableontinue the trend started.

The proposal of Property acquisition costs is basethe expected needs for maintaining
hardware and software in the Mathematical Institnt2005-2010 and on the assessed state of
the equipment the beginning of this period. Itistally considers, moral as well as

technical, mortality of the individual componengsg active LAN elements), no-breakdown
lifetime (servers) and function lifetime (PC’s afiployees, printers, etc.). The estimated
number of the individual devices necessary is basetthese facts. The price of the devices is
specified according to actual official price listispossible suppliers. If a particular type of a
device is presented it gives only a rough infororatin the perspective of several years, it is
completely impossible to predict even expectedriutwsts.

The item Materials, small inventory, and consumgblentains, in accord with the accounting

system prescribed in the Institute, in additiodsts of current material (e.g. paper, toners,
storage media, gasoline, long-term small matefiphgsical as well as non-physical nature,
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etc.), mainly costs of scientific literature th&indispensable for the existence of the
Mathematical Institute. It is important to keepmmd that the Library of the Institute is a
public library of nation-wide range. The actualtscagre almost 3 milion crowns a year and
the year-to-year increase of prices is about 1Zbtper cent. The choice of journals is very
restricted now for this reason and any furtheriesin would expose to danger the sole
existence of the Mathematical Institute.

The item Purchased services used in direct corareatith the treatment of the IRP includes,
in principle, costs of cooperation with other ingions, conference fees, Internet access,
purchase and innovation of necessary software, aonwation services, etc.

The Travel expenses item planned assumes thanige of our foreign presentation
(conferences, lecture circles, study stays) wilabthe same level as now.

The item International cooperation includes co$tstays of foreign guest, mainly of visiting
professors whose participation in the IRP is exgubct

We do not expect significant publication costs. @heunts planned represent the costs of
obtaining final printed versions, innovation of aesary software that allows Internet
communication with authors, costs of mail serviets,

The planned item Overhead expenses (electricity, \gater, cleaning, maintenance of

movables as well as immovables) is based on theeptestate and takes permanent (also
further expected) increase of prices into account.
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