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Opening Speech

by Professor Gheorghe Morosanu
(Babes-Bolyai University)

Dear Colleagues,

Welcome to the fourth meeting of the Romanian Itinerant Seminar on Mathe-
matical Analysis and its Applications (RISMAA 2022).

We remind you that the first meeting of RISMAA took place in 2018 at Babes-
Bolyai University, Cluj-Napoca, the organizers being then professors Adrian Petrusel,

Marcel Serban and me. It was a successful conference, which gave us hope for a good
future evolution of RISMAA.

The second edition took place in 2019 at Ovidius University in Constanta, under
the coordination of the late professor Constantin Popa. This was also a successful
conference, which confirmed the need for such periodic meetings of Romanian re-
searchers interested in mathematical analysis. I also attended that conference and I
even gave a plenary lecture on that occasion. On the same occasion, our colleague
Lucian Popa offered to organize the third meeting in Alba Iulia, in 2020.

Unfortunately, the covid pandemic came unexpectedly, so we had to postpone
the third edition for 2021, replacing the classic format (with physical presence) with
the hybrid format. Even in those conditions, the meeting in Alba Tulia was also a
success, proving once again great interest for such events.

And now, here we are at the fourth meeting of RISMAA, at the Transylvania
University in Brasov, a meeting organized by a local committee coordinated by
professors Dorina Raducanu (Dean of the Faculty of Mathematics and Computer
Science of Transilvania University) and Nicugor Minculete, whom I thank for the ex-
traordinary efforts made over several months. This time the participants are mostly
physically present.

For this edition of RISMAA we have four invited plenary lectures given by the
following distinguished colleagues (in alphabetical order):

e Nicugor Costea, Polytechnic University, Bucharest



e Radu Paltanea, Transilvania University, Bragov
e Radu Precup, Romanian Academy and Babeg-Bolyai University, Cluj-Napoca.

I would like to also mention that Professor Radu Precup accepted my invitation
to become a RISMAA coordinator, together with Professor Adrian Petrusel and me.
I wish you all good luck!



Technical Program

May 19, 2022
14:00 - 15:30 Registration and coffee — Transilvania University Hall
Address: Tuliu Maniu nr. 41A
15:30 - 16:00 Opening Ceremony
16:00-18:20 Plenary conferences

Chair: Gheorghe Morosanu

16:00-16:40 Hybrid Fixed Point Results for Nonself Vector-valued Maps and Application
Radu Precup

17:00-17:40 On the Existence of Solutions for Coupled Systems of Variational Inequalities
Nicusor Costea

17:40-18:20 On Approximation by Positive Linear Operators
Radu Paltanea

18:30-19:00 Concert

19:30-21:30 Welcome Reception (University Restaurant)
May 20, 2022
9:00-11:00 Mathematical Analysis (UI6 Room)

Chair: Adrian Petrusel

9:00-9:20 Nonlinear Ergodic Theorems for the Weakly Nonlinear and Monotone Operators
Constantin P. Niculescu



9:20-9:40 Redistributing Algorithms and Shannon’s Entropy Revisited

9:40-10:00

10:00-10:20

10:20-10:40

10:40-11:00

Flavia-Corina Mitroi-Symeonidis, Eleutherius Symeonidis

The Structure of Fuzzy Fractals Generated by an Orbital Fuzzy
[terated Function System
Radu Miculescu

Some applications of local fixed point theorems for some generalized
contractions

Radu Trusca

Fixed Point and Surjectivity Results for Large Contractions in Banach Spaces
Madalina Moga

On the Connectedness of Attractors of Orbital Contractive IFSs
Alexandru Mihail, Irina Savu

11:00-11:30 Coffee Break

11:30-12:30 Mathematical Analysis (UI6 Room)

Chair: Constantin P. Niculescu

11:30-11:50

11:50-12:10

12:10-12:30

On Frum-Ketkov Condition in Fixed Point Theory
Adrian Petrusel, Gabriela Petrusel

Operators with Condition (D) in Uniformly Convex Spaces
Cristian Ciobanescu

A new generalization of Ciri¢’s multi-valued operators
Ovidiu Popescu

13:00 - 14:30 Lunch (University Restaurant)

15:00-16:20 Mathematical Analysis (UI6 Room)

Chair: Radu Miculescu

15:00-15:20

15:20-15:40

On Some Exponential Type Operators Preserving Exponential Functions
Connected with 2®
Carmen V. Muraru (Popescu)

Fixed Points and Coupled Fixed Points in b-metric Spaces via Graphical
Contractions

Monica Bota, Liliana Guran, Gabriela Petrusel

4



The Graham-Kohr Extension Operator and Subclasses of Biholomorphic
15:40-16:00 Mappings in C"
FEduard Stefan Grigoriciuc

Asymptotic behaviors with growth rates for evolution operators in
16:00-16:20 Banach spaces

Rovana Boruga (Toma), Mihail Megan, Daniela Maria-Magdalena Toth

16:00-16:30 Coffee Break
9:00-11:00 Dynamic systems (UI7 Room)
Chair: Radu Precup

9:00-9:20 Holder Calmness of the Solution Mapping of a Parametric Equilibrium Problem
Daniela Inoan, Jozsef Kolumbadn

The Order of Convergence of Green’s Function Method for Functional
9:20-9:40 Differential Equations
Alexandru Mihai Bica, Curila (Popescu) Diana

Localization of Nash-type Equilibria for Systems with a Partial
9:40-10:00 Variational Structure
Andrei Stan

The Piecewise Polynomial Least Squares Method used in determining
10:00-10:20 the approximate solutions for Ricatti differential equations of fractional order
Madalina Pasca

10:20-10:40  On the Solutions of a Class of Partial Fractional Integro-differential Inclusions
Aurelian Cernea

On Uniform Dichotomy of Linear Discrete-Time Skew-Evolution Cocycles in
10:40-11:00 Banach Spaces

Ariana Gaina Carmen Florinela Popa, Timea Melinda Személy Fiulop

11:00-11:30 Coffee Break
11:30-12:30 Dynamic systems (UI7 Room)

Chair: Aurelian Cernea

Large Time Behavior of Solutions to a System of Coupled Nonlinear
11:30-11:50  Oscillators Via a Generalized Form of Schauder-Tychonoff Fixed Point Theorem
Gheorghe Morosanu, Cristian Viadimirescu

11:50-12:10  On Some Control Problems for Kolmogorov Type Systems
Alexandru Hofman



12:10-12:30  On a Second-order Delay Integro-differential Equation in Banach Space
Gheorghe Morosanu, Adrian Petrusel

13:00 - 14:30 Lunch (University Restaurant)
15:00-15:40 Dynamic systems (UI7 Room)

Chair: Alexandru Bica

15:00-15:20 Chaos vs Entropy in Linear Dynamics
Gabriel T. Prajitura, Gabriela Ileana Sebe

A Linear Quadratic Tracking Problem for Stochastic Systems
15:20-15:40 Controlled by Impulses. The Finite Horizon Time Case

Vasile Dragan, loan-Lucian Popa, Tvan G. ITvanov
16:00-16:30 Coffee Break
19:00 - 21.00 Dinner (University Restaurant)
May 21, 2022
10:00-10:30 A visit to the Black Church

12:00 Departure of participants

And ... others participants of RISMAA 2022:
Vasile Berinde
Nicoleta, Enache-David
Olivia Florea
Florin Isaia
Nicugor Minculete
Mihai Postolache
Nicolae Secelean
Gabriel Stan



Abstracts

Hybrid Fixed Point Results for Nonself Vector-valued Maps
and Application May 19
16:00-16:40
Radu Precup!
!Babes-Bolyai University, Faculty of Mathematics and Computer Science and
Institute of Advanced Studies in Science and Technology
&
Tiberiu Popoviciu Institute of Numerical Analysis, Romanian Academy,
Cluj-Napoca, Romania

Abstract: We start from two basic hybrid results for selfmaps

Krasnosel’skii’s Theorem. Let D be a closed bounded convex subset of a Banach
space X, A: D — X a contraction and B : D — X a continuous mapping with
B (D) relatively compact. If A(z)+ B(y) € D for every z,y € D, then the map
N := A+ B has at least one fixed point.

Avramescu’s Theorem. Let (Dq, d) be a complete metric space, Dy a closed convex
subset of a normed space Y and let N; : D; x Dy — D;, i = 1,2 be continuous
mappings. Assume that the following conditions are satisfied:

(a) There is a constant [ € [0, 1) such that d (N (z,y), Ny (T,y)) < ld(x, T) for all
x,T € Dy and y € Dy;

(b) Ny (D x Dy) is a relatively compact subset of Y.

Then there exists (z,y) € Dy x Dy with Ny (z,y) =z, Ny(x,y)=v.

We present nonlinear alternatives of Leray-Schauder and Ménch type for nonself
vector-valued operators, under hybrid conditions of Perov contraction and compact-
ness. Thus we present vector versions of the theorems of Krasnosel’skii, Avramescu,
O’Regan, Burton-Kirk and Gao-Li-Zhang. An application is given to a boundary
value problem for a system of second order implicit differential equations.

Keywords: nonlinear operator, nonself map, fixed point, Perov contraction, non-

linear boundary value problem.
MSC 2020: 47H10, 34B15.

References:

[1] C. Avramescu, On a fized point theorem (in Romanian), St. Cerc. Mat. 22
(2) (1970), 215-221.

[2] M.A. Krasnosel’skii, Some problems of nonlinear analysis, Amer. Math. Soc.
Transl. Ser. 10 (1958), 345-409.



May 19
16:50-17:30

[3] V. Ilea, A. Novac, D. Otrocol, R. Precup, Nonlinear alternatives of hybrid
type for nonself vector-valued maps and application, submitted.

On the Existence of Solutions for Coupled Systems of
Variational Inequalities

Nicusor Costeal

Department of Mathematics and Computer Science, Politehnica University of
Bucharest, Romania

Abstract: In this talk the existence of solutions for a system consisting of two
inequalities of variational type is discussed. Each inequality is formulated in terms
of a nonlinear bifunction y and 1, respectively and a coupling functional B. More
precisely, we seek u € K C X and A € A CY such that

(S) : {B(Ua)\)—B(U,)\)+x(u,v—u)2(f,v—u>, Vo € K,
C | B(u,A) = Blu,p) (A p—A) > (g, n—A), VpeA,

with X,Y real reflexive Banach spaces, B: X XY - R, x: X x X —- R, f € X*,
Y:YxY —>RandgeY”.

We consider two sets of assumptions (HY), (pr) and (HY), 4,7,k € {1,2} and
we show that, if the constraints sets K and A are bounded, closed and convex, then
a solution exists regardless if we assumed the first or the second hypothesis on Y,
Y or B, thus obtaining eight possibilities. When either K or A is unbounded a
coercivity condition is needed to ensure the existence of solutions. We provide two
such conditions.

The main novelty of our approach is that we consider nonlinear coupling func-
tionals, whereas, in all the papers that we are aware of that dealing with such type of
inequality systems the coupling functional is assumed bilinear and satisfies a certain
"inf-sup” condition.

As an application, we consider a boundary value problem, driven by the ®-
Laplace operator, with mixed boundary conditions and discontinuous nonlinearity.
We show that the variational formulation via Lagrange multipliers leads to a coupled
system of variational inequalities of the type (5). Such problems arise from Contact
Mechanics as they can model the antiplane shear deformation of nonlinear elastic
cylinders in frictional contact with a rigid foundation.




On Approximation by Positive Linear Operators

Radu Paltaneal

IFaculty of Mathematics and Computer Science,
Transilvania University of Bragov, Romania

Abstract: We present certain new contributions in approximation theory, regard-
ing the following subjects:

- The first objective is to obtain more adequate versions of the Korovkin the-
orem. So we present a form of the theorem is the more general context of
the 3-parameter families with necessary and sufficient conditions. Note that
the usual form of the Korovkin theorem contains only sufficient conditions for
convergence of o sequence of linear positive operators. Also we obtain specific
and practical form of the Korovkin theorem in the case of the weighted spaces
of functions defined on non-compact interval.

- To estimate the degree of approximation we constructed different kind of mod-
uli of continuity of the first and second order adapted to weighted approxima-
tion or to general Chebysev systems. For the second order moduli of continuity
we emphasize the existence of an absolute optimal constant. A special atten-
tion is granted to the Ditzian-Totik modulus of continuity. This modulus is
in the center of investigations for many authors in very important problems.
In this direction we obtain asymptotic and not asymptotic results. As a nov-
elty in the estimating the degree of approximation we use combinations of the
first three moduli of continuity. Also we study the degree of approximation of
the semigroup of operators generated by the Bernstein operators defined on a
simplex.

- A third theme of the presentation consists in the study of certain new kind
of operators. So, we consider the extension of the so-name U operators from
the real segment to a simplex; we apply linear methods of summation for
the uniform summation of the Legendre series; we study the convergence of
geometric series of operators; we consider a special constructions of Schoenberg
operators with knots in the roots of the Chebyshev polynomials in order to
obtain an optimal pointwise estimate by spline functions.

Keywords: linear positive operators, moduli of continuity.
MSC 2020: 43A36, 41A25, 41A10.

References:

[1] R. Paltanea, Approximation Theory Using Positive Linear Operators, Bir-
khéuser, Boston, (2004).

[2] R. Paltanea, Asymptotic constant in approzimation of twice differentiable
functions by a class of positive linear operators, Results Math. (2018), 73:64.

[3] R. Paltanea, M. Smuc, Quantitative results for the limiting semigroup gen-

erated by the multidimensional Bernstein operators, Semigroup Forum 102 (2021)
235-249.

May 19
17:40-18:20



May 20
9:00-9:20
Ul6 Room

May 20
9:20-9:40
Ul6 Room

Nonlinear Ergodic Theorems for the Weakly Nonlinear and
Monotone Operators

Constantin P. Niculescu!»?

1University of Craiova, Department of Mathematics, Craiova 200585, Romania
2Academy of Romanian Scientists, Bucharest, Romania

Abstract: This talk is aimed to report a couple of ergodic theorems in the frame-
work of weakly nonlinear and monotone operators acting on Banach lattices of func-
tions.

Keywords: Baillon’s ergodic theorem, Korovkin’s theorem, Weyl’s ergodic the-
orem, monotone operator, sublinear operator.

MSC 2020: 47HO7

Redistributing Algorithms and Shannon’s Entropy
Revisited

Flavia-Corina Mitroi-Symeonidis’ and Eleutherius Symeonidis?
! Academy of Economic Studies, Department of Applied Mathematics,
Calea Dorobanti 15-17, sector 1, Bucharest RO-010552, Romania
2Mathematisch-Geographische Fakultit, Katholische Universitit Eichstétt-Ingolstadt,
85071 Eichstatt, Germany

Abstract: The mathematical problems discussed in our talk arise in the framework
of time series analysis. The permutation entropy is used, and the underlying prob-
abilities are established using redistributing algorithms. We point out the changes
of Shannon’s entropy due to modifications of the distribution probability by means
of redistributing algorithms.

Keywords: permutation entropy; time series analysis; redistributing algorithm.
MSC 2020: Primary 94A17; Secondary 37M10, 37A35.

References:

[1] F.-C. Mitroi-Symeonidis, I. Anghel, N. Minculete, Parametric Jensen-Shannon
statistical complexity and its applications on full-scale compartment fire data, Sym-
metry (Special Issue: Symmetry in Applied Mathematics), 18(1) (2020), 22.

[2] F.-C. Mitroi-Symeonidis, I. Anghel, O. Lalu, C. Popa, The permutation en-
tropy and its applications on fire tests data, J. Appl. Comput. Mech., 6(SI) (2020),
1380-1393.

[3] F.-C. Mitroi-Symeonidis, I. Anghel, S. Furuichi, Encodings for the calculation
of the permutation hypoentropy and their applications on full-scale compartment fire
data, Acta Technica Napocensis, Vol. 62, IV (2019), 607-616.

[4] F.-C. Mitroi-Symeonidis, E. Symeonidis, Redistributing algorithms and Shan-
non’s Entropy, Aequat. Math., 96 (2022), 267-277.

[5] F.-C. Mitroi-Symeonidis, I. Anghel, The PYR-algorithm for time series mod-
eling of temperature values and its applications on full-scale compartment fire data,
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Acta Technica Napocensis, Series: Applied Mathematics, Mechanics, and Engineer-
ing, Vol. 63, Issue IV (2020), 403-410.

[6] F.-C. Mitroi-Symeonidis, I. Anghel, The permutation entropy and the assess-
ment of compartment fire development: growth and decay, (15th Romanian-Finnish
Analysis Seminar), Math. Reports, 23(73), 1-2 (2021), 203-210.

The Structure of Fuzzy Fractals Generated by an Orbital

Fuzzy Iterated Function System May 20
9:40-10:00
Radu Miculescu! Ul6 Room

!Transilvania University of Brasov,
Faculty of Mathematics and Computer Science, Bragov, Romania

Abstract: We will present a structure result concerning fuzzy fractals generated by
an orbital fuzzy iterated function system ((X,d), (f:)ier, (pi)ier). The result involves
the following two main ingredients: a) the fuzzy fractal associated to the canonical
iterated fuzzy function system ((IN,dy), (7i)ier, (pi)ier), where dy is Baire’s metric
on the code space IN and 7; : IN — IV is given by 7;((wy,ws, ...)) == (i,wi,wy, ...)
for every (wy,ws,...) € IN and every i € I; b) the canonical projections of certain
iterated function systems associated to the fuzzy fractal under consideration.
Keywords: orbital fuzzy iterated function system, fuzzy Hutchinson-Barnsley op-
erator, fuzzy fractal, canonical projection.

MSC 2020: 28A80, 37C70, 54H20.

References:

[1] C. Cabrelli, U. Molter, Density of fuzzy attractors: a step towards the solu-
tion of the inverse problem for fractals and other sets, Probabilistic and stochastic
methods in analysis, with applications (1l Ciocco, 1991), 163-173. NATO Adv. Sci.
Inst. Ser. C: Math. Phys. Sci., 372, Kluwer Acad. Publ., Dordrecht. 1992.

[2] C. Cabrelli, B. Forte, U. Molter, E. Vrscay, [terated fuzzy systems: a new
approach to the inverse problem for fractals and other sets, J. Math. Anal. Appl.,
171 (1992), 79-100.

[3] R. Miculescu, A. Mihail, I. Savu, A characterization of the fuzzy fractals
generated by an orbital fuzzy iterated function system, it will appear in Carpathian
J. Math., 38 (2022), arXiv:2203.11895v1.

[4] E. Oliveira, F. Strobin, Fuzzy attractors appearing from GIFZS, Fuzzy Sets
and Systems, 331 (2018), 131-156.
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May 20
10:00-10:20
Ul6 Room

Some applications of local fixed point theorems for some
generalized contractions

Radu Truscal

'Faculty of Mathematics and Computer Science, Babes-Bolyai University, Cluj-Napoca,
Romania

Abstract: In this talk we will present some applications of local fixed point the-
orems for two classes of generalized contractions, Ciri¢-Reich-Rus and Berinde op-
erators. For example, let us consider the Berinde generalized contraction. In the
single-valued case will show that, in a complete metric space (X, d), a single-valued
Berinde contraction f: B(zg;r) — X fulfilling d(xo, f(z0)) < (1 — a)r has at least
one fixed point. In the same setting, we can prove that any multi-valued Berinde
contraction F': B(xg;r) — Pu(X) satisfying D(zo, F(x9)) < (1 — a)r has at least
one fixed point in the open ball B(zg;7). As applications of the aforementioned
results, we will obtain open mapping principles and stability results for open map-
pings in Banach spaces. In the multi-valued case, we prove an homotopy result and
the nonlinear alternative for Berinde type operators.

Keywords: Berinde contraction, Ciri¢-Reich-Rus contraction, local fixed point the-
orem, open mapping theorem, homotopy result

MSC 2020: 47H10; 54H25

Acknowledgements. This work was supported by a grant of the Ministry of Re-
search, Innovation and Digitization, CNCS/CCCDI - UEFISCDI, project number
PN-III-P1-1.1-TE-2019-1306, within PNCDI III.

References:

[1] V. Berinde, Approzimating fixed points of weak contractions using the Picard
iteration, Nonlinear Anal. Forum 9 (2004), no. 1, 43-53.

[2] M. Berinde and V. Berinde, On a general class of multi-valued weakly Picard
mappings, J. Math. Anal. Appl. 326 (2007), no. 2, 772-782.

[3] M. Frigon and A. Granas, Resultats du type de Leray-Schauder pour des
contractions multivoques, Topol. Methods Nonlinear Anal. 4 (1994), no. 1, 197-
208.

[4] A. Granas and J. Dugundji, Fized Point Theory, Springer, Berlin, 2003.

[5j T. Lazar, D. O’Regan, and A. Petrusel, Fized points and homotopy results
for Clirié-type multivalued operators on a set with two metrics, Bull. Korean Math.
Soc. 45 (2008), 67-73.

[6] T. A. Lazar, A. Petrusel, and N. Shahzad, Fized points for non-self operators
and domain invariance theorems, Nonlinear Anal. 70 (2009), no. 1, 117-125.

[7] I. A. Rus, A. Petrusel, and G. Petrusel, Fized Point Theory, Cluj Univ. Press,
Cluj-Napoca, 2008.

[8] R. Trusca, Some local fized point theorems and applications to open mapping
principles and continuation results, Arab. J. Math. 10 (2021), 711-723.
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Fixed Point and Surjectivity Results for Large Contractions
in Banach Spaces

Madalina Moga!
'Faculty of Mathematics and Computer Science, Babes-Bolyai University Cluj-Napoca

Abstract: The concept of large contraction was introduced for the singlevalued
case by T.A. Burton in 1996. In this paper, we show that, in a Banach space X, any
singlevalued large contraction ¢ : X — X is a norm-contraction. Using this result,
we can prove some surjectivity theorems for the field 1y — ¢ generated by ¢. In the
second part of the paper, we will introduce the notion of multivalued large contrac-
tion and, using a similar approach, we prove the surjectivity of the field 1x — T
generated by a multivalued operator T" from X to X. The results of this paper
extend and complement some surjectivity theorems from the literature.
Keywords: Banach space, large contraction, multivalued large contraction, fixed
point, surjectivity theorem.

MSC 2020: Primary 47H10, Secondary 54H25

References:

[1] Burton, T.-A.: Integral equations, implicit functions, and fixed points, Proc.
Am. Math. Soc., Volume 124, No. 8, 2383-2390 (1996).

[2] Burton, T.-A., Purnaras, I.-K.: Necessary and sufficient conditions for large
contractions in fixed point theory, Electron. J. Qual. Theory Differ. Equ., No. 94,
1-24 (2019).

[3] Granas, A.: On a certain class of nonlinear mappings in Banach space, Bull.
Acad. Pol. Sci., 9, 867-871 (1957).

[4] Granas, A., Dugundji J.: Fixed Point Theory, Springer, New York (2003).

[5] Tannacci, R.: The spectrum for nonlinear multi-valued maps via approxima-
tions, Boll. Un. Mat. Ital. 15-B, 527-545 (1978).

[6] Moga, M.: Meir-Keeler operators and applications to surjectivity theorems,
J. Nonlinear and Convex Anal., 23, No. 3, 625-634, (2022).

[7] Petrusel, G.: Generalized multivalued contractions which are quasi-bounded,
Demonstratio Math. 40, 639-648 (2007).

[8] Rus, I.-A.: Normcontraction mappings outside a bounded set, Itinerant Sem-
inar on Functional Equations Approximation and Convexity, Cluj-Napoca, 257-260
(1986).

9] Rus, I.-A., Petrugel, A., Petrusel, G.: Fixed point theorems for set-valued
Y-contractions, In: Fixed Point Theory and its Applications, Banach Center Publ.
77, 227-237 (2007).
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May 20
10:40-11:00
Ul6 Room

May 20
11:30-11:50
Ul6 Room

On the Connectedness of Attractors of Orbital Contractive
IF'Ss

Alexandru Mihail' and Irina Savu?
1University of Bucharest, Faculty of Mathematics and Computer Science, Bucharest,

Romania
2University Politehnica of Bucharest, Faculty of Applied Sciences, Bucharest, Romania

Abstract: In this paper we study the topological properties of the attractors of
an orbital contractive iterated function system. We give a necessary and sufficient
condition for an attractor to be connected and we present two results that establish
when an attractor is arcwise connected. Some examples are provided.

Keywords: orbital contractive iterated function systems, attractors, connected-
ness.

MSC 2020: 28A80, 37C70.
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On Frum-Ketkov Condition in Fixed Point Theory

Adrian Petrusel' and Gabriela Petrusel?

1Babeg-Bolyai University, Department of Mathematics, Cluj-Napoca, Romania
2Babes-Bolyai University, Department of Business, Cluj-Napoca, Romania

Abstract: The purpose of this talk is to present new fixed point results for singl-
evalued and multivalued operators, satisfying the so-called Frum-Ketkov condition.
The Frum-Ketkov condition was introduced in the context of a Banach space as
follows. Let B be a Banach space, X := B(0;1) C B be the closed unit ball in B
and K C B be a nonempty compact subset. An operator f : X — X is said to be a
Frum-Ketkov operator if f is continuous and there exists o €]0, 1[ such that

Dy(f(x), K) < aDy(z, K), for every z € X. (1)

(where Dy(x, K) := in[f( d(x,u)). In this work, we will extend this definition in the
ue

context of a metric space and we will give existence, approximation and stability
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results for the fixed points for such operators. Then, we will extend our study to
the case of multivalued operators.

Keywords: fixed point, metric space, Frum-Ketkov condition, stability properties.
MSC 2020: 47H10, 54H25.
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Operators with Condition (D) in Uniformly Convex Spaces May 20
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Cristian Ciobanescu! UI6 Room

'Department of Mathematics and Informatics, University Politehnica of Bucharest,
313 Splaiul Independentei, 060042 Bucharest, Romania

Abstract: This study is motivated by the necessity of finding general classes of op-
erators suitable for fixed point problems, along with versatile iteration procedures to
make possible the numerical reckoning once the existence is proven. One pioneer re-
sult for the approximation of fixed points for nonexpansive mapping was established
by Krasnosel’skii [Uspekhi Math. Nauk, 10 (1955), 123-127]. Important results in
this direction were obtained by Mann [Proc. Amer. Math. Soc., 4 (1953), 506-510],
Ishikawa [Proc. Amer. Math. Soc., 44 (1974), 147-150], Noor [J. Math. Anal.
Appl., 251 (2000), 217-229.], Sahu et al. [Numer. Algorithms, 83 (2020), 421-449]
and many others, in the context of fixed point theory or variational inequalities. For
instance, Suzuki [J. Math. Anal. Appl., 340 (2008), 1088-1095] proved a convergence
result for a mapping satisfying condition C' using a Krasnosel’skii iterative process;
Thakur et al. [Filomat, 30 (2016), 2711-2720] used a newly defined iteration process
for approximating a fixed point of nonexpansive mappings. And the list above may
continue. Lately, classical methods of numerical analysis have been combined with
some of these new iterative procedures, resulting interesting and valuable new ap-
proximation methods. A distinct place in this research area is the result by Thakur
et al. [Appl. Math. Comput., 275 (2016), 147-155] introduced a three-step itera-
tion process by means of two parametric sequences, and connected this procedure
to Suzuki-type mappings with condition (C). Soon after, Sintunavarat and Pitea
[J. Nonlinear Sci. Appl., 9 (2016), 2553-2562] introduced the S,, iterative scheme,
in connection with Berinde-type operators [Fixed Point Theory Appl., 2 (2004),
97-105]. We have chosen to use this iteration process when analyse the iterates of
operators introduced in this talk concerning convergence, or qualitative aspects such
as stability and data dependence, inspired by Harder and Hicks [Math. Japon., 33
(1988), 687-692] or Rus and Muregan [Stud. Univ. Babes-Bolyai Math., 43 (1998),
79-83]. On one hand, we analyse the recently introduced nonexpansive-type con-
dition, named condition (D), provide new examples and highlight the relationship
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with Suzuki-type mappings with condition (C). We prove that the class of mappings
that meets the (D) condition is not included in the class of Suzuki mappings. This
shows the relevance of conducting a study of operators with property (D). On the
other hand, a convergence analysis is conducted based on the iteration procedure
Sp. The discussion is completed with a qualitative analysis of the iterates under .S,
such as stability and data dependence.

Keywords: nonexpansive mapping, Suzuki mapping, condition (D), Opial prop-
erty, iteration procedure, convergence, stability, data dependence.

MSC 2020: 47H09, 47H10, 54H25, 37C25.

A New Generalization of Ciri¢’s Multi-valued Operators

Ovidiu Popescu®

!Transilvania University of Bragsov, Department of Mathematics and Computer Sciences,
Brasov, Romania

Abstract: The aim of this paper is to introduce a new type of multi valued opera-
tors and to present some basic problems of the fixed point and strict fixed point for
them. Obtained results generalize, complements and extend classical results given
by Ciri¢ (Mat. Vesnik 9 (24): 265-272, (1972)) or Nadler (Pacific J. Math. 30:
475-488 (1969)), as well as recent results given by Alecsa and Petrusel (Anal. Univ.
Vest Timisoara, LVII (1): 23-42 (2019)).

Keywords: Metric space, Fixed point, Ciri¢’s multi-valued operator, Data depen-
dence, Ulam-Hyers stability, Ostrowski property, strict fixed point.

MSC 2020: Primary 47H10; Secondary 54H25.
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On Some Exponential Type Operators Preserving

Exponential Functions Connected with z° May 20
15:00-15:20
Carmen V. Muraru (Popescu)! UI6 Room

Vasile Alecsandri University of Bacau, Department of Teacher Training Department,
Bacau, Romania

Abstract: The presentation is based on joint work with Vijay GUPTA and Ali
ARAL, in which we propose a modification of the exponential type operators, which
are connected with z3. Such operators are connected with exponential functions.
We estimate moments and establish some direct results in terms of modulus of conti-
nuity. A Voronovskaya type results are obtained and some approximation properties
in the weighted spaces of continuous functions are also studied.

Keywords: Exponential type operators, asymptotic formula, weighted approxima-
tion.

MSC 2020: 41A36, 41A25.

Fixed Points and Coupled Fixed Points in b-metric Spaces

via Graphical Contractions May 20
) . ) 15:20-15:40
Monica Bota!, Liliana Guran? and Gabriela Petrusel® UI6 Room

IBabes-Bolyai University, Faculty of Mathematics and Computer Science, Cluj-Napoca,
Romania.
2Vasile Goldis Western University of Arad, Department of Pharmaceutical Sciences,
Arad, Romania
3Babes-Bolyai University, Faculty of Business, Horea Street, No. 7, Cluj-Napoca,
Romania.

Abstract: At the beginning of the 20th Century, Banach gave a result in the
context of a metric space, which is known as the famous ” Banach Contraction Prin-
ciple”. Recently, different fixed point theorems for operators that satisfy a cyclic
type contraction condition were given. One of the first author that that introduced
the fixed point theory for cyclic contractions is Kirk, where some fixed point results
for cyclic contractions are proved. The theorems are then generalized in the sense
that the authors considered a generalization of the contraction condition. Existence
and uniqueness of fixed points for the cyclic type operators are proved. Another
direction of generalizing the famous contraction principle is changing the working
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space. Considering this direction, an usual space is that of b-metric space. This
notion was given in 1989 by Bakhtin and formally defined in 1993 by Czerwik. This
notion was the starting point for developing the fixed point theory in b-metric spaces
Searching the differences between the concepts of metric and the b-metric, one of
them is the fact that the b-metric is not necessary continuous. Some very interest-
ing results concerning this notion were given by Miculescu et al. The purpose of
the present paper is to prove some fixed point results for cyclic-type operators.In
this paper some existence and stability results for cyclic graphical contractions in
complete metric spaces are given. The novelty of the proof is the fact that the
theorem of Miculescu and Mihail is applied. Hence, there aren’t any restrictions for
the constant s in proving the existence of the fixed point for such operators. As a
consequence of the first main result we can prove some stability results for cyclic
graphical contractions in b-metric spaces. An application to a coupled fixed point
problem is also derived.

Keywords: Fixed point, b-metric space, cyclic graphical contraction, coupled fixed
point.

MSC 2020: 46T99, 47TH10, 54H25
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The Graham-Kohr Extension Operator and Subclasses of
Biholomorphic Mappings in C"

Eduard Stefan Grigoriciuc!

'Faculty of Mathematics and Computer Science, ”Babes-Bolyai” University,
Cluj-Napoca, Romania

Abstract: In this paper we discuss about convex combinations of the form ICfl‘f =
(1 =NV, + AV, 3 of Graham-Kohr extension operators V,, ,, where A € [0, 1]
and o, f € [0,1]. The operators ¥, , were defined by I. Graham and G. Kohr in
Complex Variables Theory Appl. 47 (2002), 59-72. They proved that the extension
operator ¥, , preserve the starlikeness for all n > 2 and « € [0,1]. The main idea
of this paper is to obtain new extension operators defined by convex combinations
of Graham-Kohr operators ¥, , that preserve the starlikeness. We prove that a
starlike function f € S* with Re[f'(z1)] > 0, for all z; € U, is taken to a starlike
mapping on the Euclidean unit ball B” by the operators K} and K3, where K9 and
IC;, are particular forms of the operator Isz . Finally, we give a result which ensures
the starlikeness of an arbitrary extension operator ®4, respectively the convex com-
bination between the identity I,, and the operator @,.
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Kohr extension operator
MSC 2020: 32H02, 30C45.
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Asymptotic behaviors with growth rates for evolution
operators in Banach spaces

Rovana Boruga (Toma)!, Mihail Megan? and Daniela Maria-Magdalena Toth
"West University of Timisoara, Department of Mathematics, Timisoara, Romania
2Academy of Romanian Scientists, Department of Mathematics, Bucharest, Romania
3West University of Timisoara, Department of Mathematics, Timisoara, Romania

Abstract: The present paper is a survey of the most recent results obtained in
the last period concerning the asymptotic behaviors with growth rates of dynami-
cal systems described by evolution operators in Banach spaces. More precisely, we
point out the concepts of uniform h-stability, uniform h-instability and uniform h-
dichotomy, three concepts that are generalizations of one of the most studied notions
in the field of asymptotic behavior, namely the uniform exponential respectively the
uniform polynomial behavior. We give some characterization theorems for the con-
cepts mentioned above. Also, connections between these notion are established.
Keywords: evolution operator, uniform h-stability, uniform h-instability, unifrom
h-dichotomy
MSC 2020: 34D05, 34D09
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Holder Calmness of the Solution Mapping of a Parametric
Equilibrium Problem

Daniela Inoan® and Jézsef Kolumban?

!Technical University of Cluj-Napoca, Romania
2Babes-Bolyai University, Cluj-Napoca, Romania

Abstract: We analyse a class of equilibrium problems defined by trifunctions that
depend on a parameter. The main interest is in the behaviour of the solutions when
the parameter is perturbed, more precisely in finding conditions for Holder calmness
of the solution mapping. The use of a trifunction allows the extension of monotonic-
ity and duality notions in the theory of equilibrium problems. The main calmness
result is proved in a general setting, then applied for mixed equilibrium problems
and hemivariational type inequalities. Some aspects regarding the existence of so-
lutions for problems governed by trifunctions are discussed too.

Keywords: calmness, parametric equilibrium problems

MSC 2020: 47J20
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The Order of Convergence of Green’s Function Method for
Functional Differential Equations

Alexandru Mihai Bica! and Curild (Popescu) Diana?

!University of Oradea/Department of Mathematics and Informatics, Oradea, Romania
2University of Oradea/Department of Mathematics and Informatics, Oradea, Romania

Abstract: The interest for obtaining the numerical solution of two-point bound-
ary value problems associated to second order functional differential equations with
proportional delay is increased in the last years and the involved numerical methods
include collocation techniques, artificial neural networks, Adomian decomposition,
finite differences, Chebyshev spectral Lanczos tau approach. Recently, involving
Picard and Mann iterations, a Green’s function technique was developed (in Int. J.
Computer Math. 95, no. 10 (2018) 1937-1949) for third order functional differential
equations, but without specifying the order of convergence of the proposed method.
In order to improve this aspect, in this work we establish the order of convergence of
Green’s function method applied to two-point boundary value problems associated
to second and third order functional differential equations. In this context, by using
suitable quadrature rule and spline interpolation procedure, the Picard iterations
are approximated by a sequence of cubic splines on uniform mesh. We prove that
the maximal order of convergence is O (h?) and O (h?), respectively, and this order
cannot be improved. Some numerical experiments are presented in order to test the
theoretical results and to illustrate the accuracy of the method.

Keywords: two-point boundary value problems, functional differential equations,
Green’s function method, order of convergence.

MSC 2020: 34K28.

Localization of Nash-type Equilibria for Systems with a
Partial Variational Structure

Andrei Stan!

Faculty of Mathematics and Computer Science, Babes-Bolyai University, Cluj-Napoca,
Romania
&

Tiberiu Popoviciu Institute of Numerical Analysis, Cluj-Napoca, Romanian Academy

Abstract: In this paper, fixed points arguments are combined with critical point
techniques leading to hybrid existence result for a system with the form of , where
only the last n — p equations admit a variational structure.

Ni(ul, ..o u") = ul
Ny(uty .. juP, o u) = uP (2)
No(uly . oo u™) = u”

May 20
9:20-9:40
UI7 Room

May 20
9:40-10:00
UI7 Room



May 19
10:00-10:20

The part from the solution associated with those equations with a variational
form, represent a Nash equilibrium for the corresponding energy functionals, and
moreover they are localized in a bounded convex conical set defined by a norm ||-||
and a concave upper semicontinuous functional [,

Kigp={ueX|l(u)>r,|lu| <R} (0<r<R<x).

This is achieved through a minimizing sequence (uj, ..., u}), where at each step
k, the first p elements are the unique fixed point of some operator given by Minty-
Browder theorem; while the last n — p elements are points close to the critical
point of their energy functional, their existence being due to the Ekeland variational
principle.

An example of a system of second order differential equations with Dirichlet
boundary conditions is given, providing sufficient conditions on the functions in-
volved such that all assumptions from theorem to be fulfilled.

Keywords: Nonlinear system, Nash equilibrium, Ekeland variational principle.
MSC 2020: 34D09.
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The Piecewise Polynomial Least Squares Method used in
determining the approximate solutions for Ricatti
differential equations of fractional order

Madalina Pasca

1Faculty of Mathematics and Computer Science, West University of Timisoara, Romania

Abstract: The Riccati differential equation appears in various area of science

and engineering among which I mentioned: diffusion problems, random processes,
econometric models, dynamic games, optimal control problems etc. In order to
increase the precision of the mathematical modeling of such processes, fractional
derivatives may be used.
This paper presents the method called Piecewise Polynomial Least Squares Method
(PWPLSM) for determining the approximate analytical solution for Ricatti dif-
ferential equations of fractional order. The proposed computational method is a
combination of the Polynomial Least Squares Method and Piecewise functions. Nu-
merical results for different fractional orders of the Riccati differential equations are
discussed. The approximate solutions obtained with Piecewise Polynomial Least
Squares Method are compared with other existing analytical and numerical solu-
tions.
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The tables and figures presented demonstrate the accuracy of the Piecewise Poly-
nomial Least Squares Method.

Keywords: analytical approximate solution, fractional differential equations, Ri-
catti equations

MSC 2020: 34K28
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On the Solutions of a Class of Partial Fractional
Integro-differential Inclusions

Aurelian Cernea!

'Faculty of Mathematics and Informatics, University of Bucharest, Romania

Abstract: We study the following Darboux problem inclusions of the form

D u(z,y) € F(z,y,u(z,y), [V u)(z,y) ae. (z,y) €L, (3)

u(z,0) = pi(x), u(0,y) =e2(y) (z,y) €I, (4)

where Il = I} x I, I} = [0,T1], I = [0,Ts], ¢1(.) : [1 = R, pa(.) : I — R with
©1(0) = ¢2(0), F(.,.) : I x R x R = P(R) is a set-valued map, I*¥ is the gen-
eralized left-sided mixed integral and Dg’w is a Caputo type fractional derivative of
a function with respect to another function [1], @ = (a1, a2) € [0,1) x [0,1) and
() = (1(.),(.)) € CHI, R) x C(I5, R). Our purpose is twofold. First, we show
that Filippov’s ideas [5] can be suitably adapted in order to obtain the existence of
a solution of problem (1)-(2) . We recall that for an ”ordinary” differential inclusion
defined by a lipschitzian set-valued map with nonconvex values Filippov’s theorem
[5] provides the existence of a solution starting from a given "quasi” solution. At
the same time, the result gives an estimate between the ”quasi” solution and the
solution of the differential inclusion. Secondly, we obtain the existence of solutions
continuously depending on a parameter for problem (1)-(2). Our results extend and

23

May 20
10:20-10:40
UI7 Room



unify similar results obtained for partial fractional integro-differential inclusions de-
fined by Caputo fractional derivative [2], by Hadamard fractional derivative [3] and
by Caputo-Katugampola fractional derivative [4].

Keywords: differential inclusion, fractional derivative, decomposable set.

MSC 2020: 34A60, 26A33, 34A08.
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On Uniform Dichotomy of Linear Discrete-Time
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'Department of Mathematics, Faculty of Mathematics and Computer Science,
West University of Timigoara, 300223 Timigoara, Romania

Abstract: In the present paper we investigate the problem of dichotomic behav-
iors of dynamical systems described by discrete-time skew-evolution cocycles in Ba-
nach spaces. We study two concepts of uniform dichotomy: uniform exponential
dichotomy and uniform polynomial dichotomy. Some characterizations of these no-
tions and connections between these concepts are given.

Keywords: discrete-time skew-evolution cocycles, uniform exponential dichotomy,
uniform polynomial dichotomy

MSC 2020: 34D05, 34D09
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Large Time Behavior of Solutions to a System of Coupled
Nonlinear Oscillators Via a Generalized Form of
Schauder-Tychonoff Fixed Point Theorem

Gheorghe Morosanu'? and Cristian Vladimirescu®

! Academy of Romanian Scientists, Bucharest, Romania
2Faculty of Mathematics and Computer Science, Babes-Bolyai University, Cluj-Napoca,
Romania
3Department of Applied Mathematics, University of Craiova, Craiova, Romania

Abstract: We consider a mechanical system consisting of two coupled damped
nonlinear oscillators, as shown in Figure[I] The two blocks have the same mass, m,
and we suppose that the stiffnesses of the springs are represented by the functions
ki : R, — R, i€ 1,2 (where R, := [0,+00)) and the functions f; : R, — R,
i € 1,2 denote the friction coefficients of the horizontal surface. We assume that,
when the two blocks are in their equilibrium positions, the springs are also in their
equilibrium positions. Let the displacements of the blocks from their equilibrium
positions be z, y. We suppose that the system moves under the action of some
external forces g; : R x R x R — R, i € 1,2, depending on the time and the
displacements. Therefore we can associate with the above physical application the
following system of ODEs describing the motion of the oscillators

{jv'+2f1(t)a'c—l—ﬁ(t)x—’y(t)y—i—gl(t,a:,y):O, (5)
j+2fo(O)y+ot)y—v@O)z+g(t2,y) =0,

where f(1) = & (ki (t) + ko (1), 6(1) == Lha(t), fi(t) == LR (). folt) =
%fQ (t) Y (t) = %kZ (t) » 01 (ta l’,y) = _%/g\l (tv l’,y), 92 (t,l‘, y) = _%@\2 (t,l‘, y) .
In this talk we will present some results on the stability of the equilibrium of system
by using a generalized form of Schauder-Tychonoff fixed point theorem, on the
metrizable locally convex space of the continuous functions defined on a half-line
[to, +00), endowed with a countable family of seminorms as chosen as to determine
the uniform convergence on the compact subsets of this interval. We also prove
that for any solution (z,y) to system ({5)) we have lim;_, o z (t) = limy_, o @ (t) =
limy ooy (1) = limy, 1 oo 9 () = 0, for small initial data, in the case when the non-
linearities are not necessarily locally Lipschitz functions (hence uniqueness is not
guaranteed). Our theoretical results are illustrated with numerical simulations.

Z

Figure 1: Two 1-D coupled damped nonlinear oscillators

Keywords: coupled oscillators, uniform stability, asymptotic stability, fixed
point theorem.
MSC 2020: 34D20, 47H10.
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On Some Control Problems for Kolmogorov Type Systems

Alexandru Hofman!
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Abstract: The control of differential equations is the subject of numerous studies in
the literature. Generally speaking, it consists in determining some of the parameters
of the equation or system of equations so that the solution satisfies certain conditions,
other than those imposed by the well-posed problems, such as the initial or boundary
conditions. In [4] it was introduced a controllability principle for a general control
problem related to operator equations, in the framework of fixed point theory. It
consists in finding (w, \) , a solution to the following system

w = Hy (w, \)
weW, XeA, (w,\) €D

associated to the fixed point equation w = Hy (w, \) . Here w is the state variable, A
is the control variable, W is the domain of the states, A is the domain of controls and
D is the controllability domain, usually given by means of some condition/property
imposed to w, or to both w and A. Notice the very general formulation of the control
problem, in terms of sets, where W, A and D C W x A are not necessarily struc-
tured sets and Hj is any mapping from W x A to W. The paper deals with some
control problems related to the Kolmogorov system for two interacting populations.
For the first problem, the control acts in time over the per capita growth rates of
the two populations in order for the ratio between their sizes to follow a prescribed
evolution. For the second problem, the control is a constant which adjusts the per
capita growth rate of a single population so that it reaches the desired size at a
certain time. For the third problem the control acts on the growth rate of one of
the populations in order that the total population to reach a prescribed level. The
results have being obtained in the joint paper: A. Hofman and R. Precup, On some
control problems for Kolmogorov type systems, submitted.

Keywords: Kolmogorov system, control problem, fixed point.
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Abstract: Consider in a Banach space (X, ||-||) the following delay integro-differential

equation
0

W (t) = Au(t) + / g(s,u(s)) ds + f(1), 0<t<T,

—00

where wu; is defined by u(s) = u(t +s), s <0.
The following hypotheses are assumed to be satisfied:

(Ha) A:D(A) C X — X isadensely defined, closed linear operator generating
a strongly continuous cosine family {C(t) : X — X;t € R} C L(X), where L(X) is
the space of bouunded linear operators from X to itself;

(Hy) g=g(s,x): (—00,0] x X4 — X is continuous and continuosly differen-
tiable with respect to s, and there exist constants K, K5 > 0 such that

(@) (s, ) —g(s,y) < [ Killx —ylla Vs € (—00,0], Va,y € D(A);
(”) ’|gl(s7$) - gl(say)H < K2”x - y”A Vs € [_Ta 0]’ Vr,y € D(A)v

where X 4 means D(A) equipped with the graph norm || - ||4 (which is a Banach
space), and ¢ (s, z) denotes the partial derivative of g with respect to s.

Note that hypotheses (H,) do not imply the continuity of ¢(s, -) as a function
from X to itself.

Under (H4) and (H,), global existence and uniqueness are derived for the
initial value problem associated with the above equation by using a fixed point
approach combined with properties of the cosine and sine families. Continuity of
solutions with respect to the initial data as well as successive approximations of the
solutions are also addressed. We illustrate our results with an application to the
wave equation with nonlinear memory. Specifically, we consider the problem

a?u 0
w(zﬁ,f) = Aeu(t, &) + /_Oog(s,ut(s,f))ds + f(t,8), 0<t<T, £€Q,
with the Dirichlet boundary condition
u(t,§) =0, 0<t<T, £€09,

and the initial conditions

u(0.€) = h(E). 24(0.€) = m(©), uo(€) = 6(6), € €

where Q C RY is a bounded domain with smooth boundary 9f.
Keywords: semilinear integro-differential equation, delay, nonlinear memory, op-

erator cosine and sine families, fixed point approach, wave equation with memory.
MSC 2020: 34K40, 35L71, 47D09, 47TH10, 47J25.
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Chaos vs Entropy in Linear Dynamics
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Abstract: We will present a short introduction to the theory of linear dynamics;
that is the theory of dynamics of linear operators in topological vector spaces, with
an emphasis on the case of Hilbert spaces. We will present some particular facts
and will discuss the form several concepts of chaos take in this context. Then we
will discuss few concepts of entropy and present the only known connection between
entropy and chaos in linear dynamics.

Keywords: operator, orbit, chaos, entropy
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Case
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Faculty of Economics and Business Administration,
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Abstract: We investigate a problem to solve the linear quadratic tracking problem
for stochastic systems controlled by impulses. Two optimal control problems are
investigated where the different objective functions are minimized. Explicit formu-
lae for optimal controls are developed. The optimal controllers are computed based
on the solution of the backward jump matrix Lyapunov type linear differential equ-
ations.

Keywords: optimal control model, It6 differential equation, backward jump matrix
linear differential equation.

MSC 2020: 93E20, 93C57, 49N10
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